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??? Nadat ik vele jaren werkzaam ben geweest in Zuid Afnka.miin aangenomen vaderland, ben ik zeer dankbaar dat ik. doorhet van wege het Departement van Landbouw, Pretoria, mijverleende studieverlof, de gelegenheid kreeg om aan deze Uni-versiteit, waar mijn wetenschappelijke opleiding begon, mijn studie te be??indigen. Dit doel heb ik steeds voor oogen gehad en het is een belofteaan U, Hooggeleerde Went, welke ik hiermee heb vervuld. Velebotanici, die Uw leerlingen waren, hadden langer de gelegenheidonder Uw leiding te werken; toch reken ik mij met hen gelukkigU als leermeester gekend te hebben en Uw invloed te erkennen in mijn wetenschappelijke vorming. De wijze waarop Gij deze laatste periode van studie voor mijhebt wiUen voorbereiden en mogelijk maken stemt mij tot groote erkentelijkheid.nbsp;, tÂ? .. tt Hooggeleerde Koningsberger, Hooggeachte Promotor, U heb ik te danken voor de mogelijkheid mijn studieonderwerp inbetrekkelijk korten tijd te be??indigen. Uw voortdurende belang-stelling en aanmoediging hebben mij gesteund bij mijn werk.Nadat U

vele jaren geleden als assistent mij hebt ingeleid inde botanische studie mag ik nu het voorrecht hebben deze stu-di??n te voltooien door bij U te promoveeren. Hooggeleerde Pulle, de wijze waarop Gij mij zijt tegemoetgekomen bij het hervatten van mijn studie is mij een oorzaakvan groote dankbaarheid, zooals ik U ook steeds dankbaar ge-weest ben voor Uw colleges die ik vroeger heb bijgewoond, daarzij mij veel geholpen hebben om spoedig vertrouwd te rakenmet de problemen der Zuid Afrikaansche Flora. Hooggeleerde Westerdijk, ook voor Uw onderwijs dank ikU, daar het mij de wetenschappelijke basis gaf voor de practi-sche ervaringen in Zuid Afrika opgedaan. Hooggeleerde Nierstrasz en Jordan, vergun mij hier ookU te danken voor wat ik in vroegere jaren van U mocht ont- vangen.
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??? INTRODUCTION. The object of these investigations was to determine the in-fluence of some seed desinfectants upon the germination of the grains of Andropogon sorghum. The possibiUty that desinfectants might have a stimulatingeffect on the germination process made it essential that atten-tion should be paid to the absorption of water and the subsequent swelling of the grains. This eventual stimulans might, theoreticaUy, affect the rate of swelling and the germ. In either case an acceleration of the germination process might result. Since the temperature is an important factor in all physio-logical processes, the temperature influence on both the swellingand the germination process was investigated.



??? APPARATUS AND METHOD. The apparatus consisted of an incubator, fitted with fourzinc trays, 45 X 30 x 5 cm, lackered inside. Over each traythree slabs of plate glass, 8 cm wide, could be placed. Eachslab could carry five germination beds side by side. The ger-mination beds were circular pieces of filter paper, 8 cm indiameter. The paper was of the same brand as used for thegermination tests at the Rijksproefstation voor Zaadcontr?´le(Government Seed Testing Station) at Wageningen, and is supplied by the firm Schut at Renkum. Each tray was filled to a certain level with distilled water.Over each glass slab narrow strips of filterpaper were placed,which dipped into the water on either side, one strip to every one germination bed. The quantity of water in the tray and the width of the stripswere adjusted, so as to keep the germination beds soaked with an adequate quantity of water. The air in the thermostat was saturated with water-vapourbefore the experiments were started, the seeds consequentlydid not need to be enclosed altogether in filter paper. This hasmany advantages,

as was pointed out by Pringsheim (1928),whose method resembles mine very closely. As part of the object was to investigate the influence ofdesinfectant solutions on the rates of water-absorption and ofgermination it was important to choose a certam number ofseeds as standard quantity, which would ensure both compara-tive reliable mean values and easy manipulation. The standardmethods for seed testing, e.g. Rules for Seed Testmg (1928),prescribe the use of 4 X 100 seeds for a single sample or mLe of large seeds 4 X 50 each. Such quantities would haveinvolved a cumbersome apparatus. Quanjer and OortwynBotjes (1915) and Pringsheim (1928) used smaller quantities



??? in their experiments and the latter author pointed out that forcomparative analyses small quantities may be used. He didnot use larger samples than of 50 seeds each, irrespective of thesize of the seeds. A fair degree of accuracy can be obtained withsuch samples, as is demonstrated in Table I. The weight increase of the seeds, as a result of steeping, wasdetermined with analytical accuracy by weighing the seeds,before and immediately after steeping, in tared weighing bottles. The seeds were steeped in water and in three desmfectmgsolutions, viz. 0.1 per cent CuSO^, 2 per cent CuSO^, 0.25 percent Uspulun. The solution of 2 per cent coppersulphate was apphed for onehour only, thereafter the seeds were thoroughly washed withdistilled water. According to Gassner and Rabien (1926) andKotowsky (1926) practically all traces of a salt solution canthus be removed. After washing the seeds were steeped indistilled water. The other solutions were applied till the seeds were removedto be weighed. Before weighing they were washed, rapidly

driedbetween filter paper and transferred into the stoppered weighingbottles. After reweighing they were arranged on the germinationbeds. The seeds were always placed with the scutellum on thefilter paper, so that uniformity of arrangement excluded varia-tions due to the positions of the seeds. The vessels used for steeping were small glass dishes with acapacity of about 15 cm^. A measured quantity of liquid wasused in every case which just covered the seeds. This quantitywas 8 cm3. The influence of this arrangement on the process ofgermination will be discussed later. The seeds could absorb water during various lengths of time.By these means seeds with varying quantities of water wereput to germinate and the influence of presoaking on the ger-mination process could be observed. The seeds were steeped for 1, 2, 3, 4. 5, 6. 9, 12, 18, 24, JOand 36 hours. In some cases no determination of the quantityof water which was absorbed was made after 18 hours and aduplicate determination after 24 hours was made. Only wherea 2 per cent CuSO^

solution was used, no determination could



??? be made after the first hour. The required washing with water ^Tftef^ horns duplicate determinations were made and the mean has been recorded.nbsp;. ^ â€? In table I are recorded the percentages of weight increaseafter 24 hours steeping in water at 22.5Â°, for ten samples Theaverage germination time, in days, is given in the second column. Table I Temp. 22.5Â°nbsp;Klerksdorp var. 1 \v. Germ. Time Seeds % Water in days germinated 28.61 3.96* 45 29.18 3.68 46 28.33 3.70 43 28.42 3.70 44 29.56 3.77 44 26.85* 3.80 44 28.92 3.67 42 27.45* 3.72 46 28.76 3.70 42 28.61 3.78 46 Av. Av. 28.67 Â? 0.26 3.75 Â? 0.025 44 Determinations of mean errors on 10 samples. The weight increase has been calculated on the basis of the dry quot;?i!;\trtgVrbtervation appears to be quite accurate, butin a few cases, in particular those marked with asterisks, thevariation is much larger than the mean error. according to the formula w = n{nâ€”1) This however, is a phenomenon frequently met with in in-vestigations on seeds and larger samples nor anbsp;^samples would

eliminate this. Due allowance wiU have to be



??? made for a striking deviation from the mean. In general, itdoes not influence the accuracy of a number of readings, as thegeneral tendency of a series of observations determines thevalue to be attached to occasional deviations. In the following table a number of duphcate determinationsof weight increase show that great accuracy can be obtained. Table II .onbsp;Klerksdorp var. Time of steeping in hrs..... I 2 4 5 6 12 per cent weight increase. . . 11.0111.17 14.5814.72 20.7420.53 23.2123.11 23.8524.35 28.8628.88 11.09 14.65 20.64 23.16 24.10 28.87 Reliability test on duplicate determinations. The figures in the tables endorse the assumption that samplesof 50 seeds each may produce results of a fair degree of accuracy. The influence of the temperature on the water absorptionand on the subsequent germination was studied at 15Â°, 20Â°, 25Â°,30Â°, 35Â°, 40Â° and 45Â°. The seeds were soaked and laid out togerminate at the particular temperature. A germination experiment was taken to be started from themoment of steeping. The number of

germinated seeds wasdetermined every 24 hours, those seedhngs only being consideredwhich had a developed root system as well as a plumule standingaway from the scutellum. This is in agreement with the generalrules for seed testing. In some cases the points of the radiclescould be observed outside the seeds, but no further developmenttook place afterwards. This was very striking at 45Â°, whereseveral seeds came to this stage only and no further growthfollowed; the seeds died, owing to the length of exposure to thishigh temperature. It would have been erroneous to considerthem as germinated. The same phenomenon was observed withseeds which were badly infected with parasitic fungi. Theembryos developed to the first stages of germination, whereroot development can be observed, but before complete develop-ment could take place they were killed by the infection.



??? For aU samples the average germination time, as defined byGassner, was calculated. This proved to be of feat value mdetermining the effect of the treatment the seeds had under- ^Â°Sterile conditions were maintained as far as practicableBefore every experiment the incubator was desinfected withdilute alcohol and with formaline. The trays and glass plateswere sterilised in the same manner. The filter paper and otherapparatus was sterilised in a drying oven at 110Â° for six hours.On the whole, very little infection from outside could be obser-ved during the course of the investigations. The only fungiwhich did occur were those inherent to the material itself. MATERIAI.. Three varieties of A. sorghum were used during the experi-ments, viz. Klerksdorp Kort Rooi, Dwarf Hegari and DwarfYellow Milo. The first was obtained from the Faculty of Agri-culture of the University of Pretoria, cropped March 1934 atPretoria. Samples of the other two varieties were kindly fur-nished by the Division of Plant Exploration and Introductionof the Bureau of Plant Industry, U.S.

Department of Agri-culture, Washington D.C. They were grown at the WoodwardOklahoma Field Station of the Division of Cereal Crops and Diseases in 1932.nbsp;â–  . r The South African sample was used m all experiments for the investigation of the temperature influence on the rate ofabsorption, germination etc. Together with these experimentsduplicate tests with the American varieties were made forcomparative purposes, so that some interesting data could be collcctcd. In some additional experiments the American varieties havebeen used because of the fact that the South African samplebecame badlv infected with grain weevils. The required selectingof undamaged, sound seed required more time than was justifiedsince the other varieties remained free from this source oftrouble.



??? I want to express my thanks to Prof. A. R. Pullen, of theUniversity of Pretoria and to Mr. B. Y. Morrison, of theBureau of Plant Industry, Washington, for their courtesy andassistance by supplying me with the required material. THE ABSORPTION OF WATER BY SEEDS. The absorption of water by seeds is a process which is con-trolled by a number of factors. Because of the complex natureof the material involved it is possible that other factors thanthe following influence the swelhng process: a.nbsp;permeabihty of the layers enveloping the embryo and en-dosperm, as weU as the permeabihty of the cellwaUs andprotoplasm of the seed contents, b.nbsp;osmotic forces, c.nbsp;swelling force of the colloids, d.nbsp;temperature. It is stated by Lehmann und Aichele (1931), that Heinrich(1913) should have indicated that live seeds absorb water at afaster rate than dead ones. Whereas this might be taken toindicate that vital forces are of influence on the absorptionprocess, it is necessary to point out that this question will bereferred to in due course.

SWELLING AND PERMEABILITY. The permeability of the composite layer of pericarp and testa,â€” for convenience sake frequently called testa, while the grainfor identical reasons will be referred to as seed, â€” is of principalimportance for the absorption process. This permeabihty is associated with the anatomical structureand detailed information on the structure of the testa of A.sorghum seeds has been given by Swanson (1926, 1928), to whosearticles one is referred. It was Brown, who indicated in 1907, that the testa functionsas a semipermeable membrane. After having demonstrated its



??? nature in barley, he was able to do the same for rye, wheat andoats Soon afterwards semipermeable membranes were observedin a large number of seeds, e.g. rice by Valeton (1907) andNagai (1916), maize by Nagai (1916), Xanthium by Shull(1913), Cucumis by Van der Marel (1919), while a list of otherseeds vnth semipermeable membranes was published by Rippel(1918). In all these cases the absorption of totally submergedseeds gained attention. It was Schroeder (1911), who deter-mined the exact nature of the semipermeable membrane anddescribed the phenomena of selective permeability and locaHzed absorption.nbsp;,nbsp;, , In his initial study on barley. Brown describes how heobserved, that the grains of Hordeum vulgare, var. caerulescenscontain k blue pigment in the aleuron layer. This pigmentchanges colour and becomes red in acid medium. When suchbarley grains were steeped in dilute sulphuric acid, they retamedtheir blue colour and cracked or damaged seeds only showed a change of colour. He noticed that the seeds absorbed water from

the diluteacid, thereby increasing its concentration. This simple obser-vation has been repeated many times with several solutionsof electrolytes and organic substances and an increase in theconcentration of the solution was always noticeable. Brown concluded, that the acid did not enter the seeds butwater only. This proved even to be the case when a solution ofsulphuric quot;acid of 36 per cent was used. Brown was able to indicate the position of the semipermeablemembrane by steeping the seeds first in a 3 per cent solution ofsilver nitrate and thereafter in a 5 per cent solution of sodiumchloride. A depository layer of silver chloride was formed insidethe testa. On exposure to hght. after sectioning, it was foundthat the precipitated silver oxide occurred in the testa itselfonly and the layer on the inner side of the precipitate was takento be the semipermeable membrane. Brown gave it the name ofquot;spermodermquot; and did not investigate its morphological nature. The spermoderm was found to be ahnost impermeable, butat or near the micropyle some substances

could enter the seed.Here permeabihty was greater.



??? Brown observed that a solution of iodine entered the seedat the germinal end and other substances were soon observed to behave in a similar manner. Of the mineral acids, sulphuric acid was never noticed toenter the seeds. Normal hydrochloric acid entered at high tem-peratures only (Reichard, 1909, not seen). Dilute nitric acid,1 per cent solution, did not enter during the first 24 hours ofsteeping, but, according to Brown, appeared to enter withlength of time. Collins (1918) found no traces of nitric acidinside the seeds, even when a 10 per cent solution of the acidwas applied. Several organic acids were found to enter easily: acetic acid,formic acid, lactic acid, butyric acid, trichloracetic acid, picricacid and (by Schroeder) osmic acid. The only salts that have been observed to pass through themembrane are mercuric chloride and mercuric cyanide (Brown),traces of mercury from desinfectants like germisan and uspulun(Heubner, 1928), traces of copper from copper salts (Lunde-G??RDH, 1924, 1925), and potassium iodide (Brown). Brown was able to

distinguish between the behaviour of aniodide solution which entered readily, as was noticeable by thestaining of the seed contents, and the behaviour of a solutionof thiosulphate, which decolourised the testa, but not the seedcontents. Several organic .substances pass through the membrane, e.g.formaldehyde in solution, alcohols, aether, chloroform, phenohcsubstances and glycocol (Brown and Tinker, 1915). It wasestablished soon, that in all cases permeation depends upon thepresence of water, a dry membrane being altogether imper-meable.nbsp;. A few tests were made by me to verify the behaviour of mi-neral acids and picric acid. Van der Marel stated, that whilepicric acid was found to enter the grains of barley, wheat, maizeand Penicillaria sficata, it did not enter the grains of sorghum.I have tested the grains of the three varieties of A. sorghum atmy disposal. They were steeped in a saturated aqueous solution.This did not enter the seeds during the f^rst 6 hours, but after24 hours it could be observed in all seeds. (Temp. 18Â°).



??? The mineral acids nearly all enter the seeds, though the rateof entrance appears to be very slow and unequal for sulphuric,nitric and hydrochloric acid. After 24 hours, at a temperatureof 18Â° traces of sulphuric and nitric acid only were observed.While'it appeared that hydrochloric acid had entered furtherinto the seeds, this observation is obscured by the fact, that theseeds contain a certain amount of soluble chlorides. When dueallowance was made, it was found that traces only could have been absorbed.nbsp;j x â€? Atkins (1909) failed to find a semipermeable seedcoat m beans He found that the absorption of water by living and deadseeds was identical, until the beginning of germination of theliving seeds, at which time the osmotic phenomena became mani-fested. According to this author, the forces which are concernedin the initial stages of water intake are those of capiUanty andimbibition. On germination osmotic forces begin to influencethe amount of water taken up by the living seeds. Atkins,however, did not take into account the open micropyle of

thematerial with which he worked, as was pointed out by Schroe-der (1911). This investigator contributed some very important data, neidentified the semipermeable membrane v/ith the inner integu-mentary layer. He observed that seeds, that were steeped m aniodine solution, did not absorb the iodine over their whole sur-face but the blue colour could be seen to spread progressivelyfrom the germinal end of the grain. This indicated that the solu-tion was absorbed at the germinal end at a rate much higherthan that with which it is absorbed over the general surface. Todescribe this he introduced the term quot;selective permeabihtyquot;.This was illustrated by an experiment with halved seeds. Thesewere first soaked in a solution of cobaltous chloride, then driedand thereafter made to absorb water. In both parts the cut sur-faces changed colour, but in the germinal parts of the grains anadditional change was observed round the embryo. Absorption of water, therefore, takes place principaUy at thegerminal end of the seed and the water spreads inside the gram along the

inner surface. Penetration of the more central parts takes place very slowly.



??? The other part of the seed coat is not so much impermeable towater as very httle permeable. Further evidence was given by Schroeder in 1922. This proved the existence of semipermeable cellulose mem-branes. Rippel (1918) drew attention to this fact, since semiper-meability in plants had been associated always with Hvingmatter only. The observation of Schroeder was confirmed by Moller (1921) and by Collins (1918). Collins pointed out that the distribution of water mside thegrains always takes place from the germinal towards the apicalend. This distribution is precisely the path of enzyme desinte-gration during the germination of the embryo. Water thus pre-pares the way for the distribution of the enzymes or even maycarry the enzymes which are active in dissolving the food reserves. He noticed, that the impermeability to any solute is not per-fect lt;=ince with time, small quantities enter the grain at thegerminal end. This is the place where selective permeability islocated. The cutinised inner integument, on the other hand,remains impermeable to

salts for a considerable time. It is be-cause of this property that osmotic cells could be constructedto good effect with these parts of the testas of several seeds:the general testa, e.g. Collins (1918), Brauner (1928), Gure-wiTSCH (1929). According to Rippel (1918), however, the innerintegument of grains should prove to be httle suited for suchpurposes, because it is cutinised and does not readily imbibewater. Pfeffer stated, in 1877 already, that quot; kern Kork undkeine Cuticula absolut impermeabel f??r Wasser istquot;. Rippel sopinion did not keep the other investigators back. Gurewitsch (1929) determined the permeability of the ge-neral wheat testa, by measuring electrically its degree of per-meabihty to various ions. An electric current which passesthrough a solution of an electrolyte causes the ions to move inthe direction of the poles. When the vessel contaimng the solu-tion is divided in two by a diaphragm constructed with a pieceof testa, the ions have to move through this diaphragm and theresistance offered is quantitavily a measure for the

lonpermea-bility of the membrane.



??? Ions which increased the rate of swelling of colloids did per-meate at a faster rate than those which retarded the swelling. The membrane itself does not swell easily. The effect of cer-tain ions, therefore, could be studied with accuracy. Gurewitsch developed the following theory to explain the behaviour of the membrane. The membrane should consist of a fine network of micels withintermicellary pores. The solvent is taken up between the mi-cels, the ions influence the volume of the intermicellary system.Alcohol causes an irreversible increase in size of the intermicel-laries. Substances, like iodine, mercuric chloride, osmic acid andorganic dyes, which always pass through the membrane, aremarked by their adsorption by the membrane. These substances,therefore, should pass through the micels themselves. This explanation of Gurewitsch shows a complete parallelitywith the one of Schonfelder (1930) for the permeabiUty ofprotoplasm. In both cases the explanation requires a joint appli-cation of the ultrafilter and adsorption theories. Little information is available

about the osmotic values ofthe seed contents. Because of the dry condition of the seeds,they cannot easily be determined. Bouyoucos and McCoolmeasured osmotic values of ground seed after mixing the mealwith water. They found osmotic pressures for A. sorghum ofabout 7 atmospheres. In how far this value corresponds with theone prevailing under natural conditions escapes analysis. Shull (1913) determined the capillary and imbibition forcesof Xanthium seeds and found these to be very high. Very littlewater only needed to be imbibed, however, to cause a conside-rable drop in these forces. The sole reason for mentioning these factors is to emphasizethat the ?‡io of the osmotic value is only Httle influenced by achange in temperature. The rate of uptake of water varieschiefly because of the presence of non-osmotic factors regulatingthe rate of entrance of water. The water that enters the grain causes swelling. This swellingwill be caused principally by the swelling of starch. Both the swel-



??? ling force and the osmotic force influence the absortion ofwater. The maximum capacity of the grain to absorb waterdepends largely upon the elasticity of the testa. The behaviourof the germ, however, is also of great influence. Own experiments. Seeds, that are steeped in water which justcovers them, hardly suffer from oxygen deficiency. The varietiesof A. sorghum, used in the experiments, germinated at a veryfast rate. At 25Â°, 30Â°, 35Â° and 40Â° the absorption process hadpractically come to an end after 30 hours steeping. About thattime the radicles appeared and absorption was no longer studiedon seed, but on germinating embryos joined to their reserves.It was only in case the exchange of oxygen between the seedsand the air was prevented, by using deep steeping vessels filledto utmost capacity, that no germination took place. It is probably due to the use of deep vessels for steeping, thatBrown (1909, 1912) was able to plot absorption curves over periods of 90 hours. The absorption of water by seeds may be represented by agraph.

Brown (1909), Brown and Worley (1912) and Shull(1920) have tried to give an explanation of the curves they found.As the influence of the temperature will be discussed separately,the general information to be obtained from any one curve willbe given first. Shull (1920) produces a curve for the moisture intake inXanthium, to which he applies the formula: y = a log [hx 1) c, wherein y =â– - total percentage of water already taken up at anygiven moment, % -- time elapsed since the beginning of soaking,a, b, c are constants. Shull observed that the constants a, b, c are not the samefor every part of the curve, since he could divide his curve intothree component parts, each having its own values for the con-stants. This formula, with different constants, could be appliedto all absorption curves which Shull plotted for Xanthiumseeds, split peas and maize. The formula does not tell us anything about the processeswhich take place inside the seed during absorption, nor does it



??? give an idea of the exact place where the three componentsmeet at different temperatures. It would be interesting to knowif a relation exists between these places and if they express some biological process inside the seed. I am not able to contribute anything to this side of the pro-blem since the formula of Shull does not appear to be appli-cable to my curves. This, however, does not prevent an ana- Ivsis The absorption of water shows an initial rate which is veryhigh Without doubt this is largely due to imbibition by thetesta The absorption rate thereafter decreases gradually, assaturation increases. The absorption rate is not a logarithmicfunction of the time. The process becomes still more complicated, when the influenceof the temperature on the swelling process is considered. From a physico-chemical point of view the temperature influ-ence on sweliing has not been investigated. Hennemann (1929)has stated that swelling is influenced by the antagonistic influ-ences of cohesion and hydration. Because the sweUing of seeds is such a comphcated processit was

hoped to simplify the case by observing the swelhng ofground-up seeds. The experiments performed to this purposecannot claim a high degree of accuracy, they merely give quah-tative information. Table III Temp. Volume in cmÂŽ %Incr. 0 6.5 6.5 6.5 6.5 6.4 6.4 0 16 6.4 6.6 6.6 6.6 6.6 6.5 3 20 6.5 6.85 6.85 6.85 6.8 6.8 5fi 30 6.2 6.8 6.8 6.8 6.8 6.8 911 35 6.3 7.0 7.0 7.0 7.0 7.0 Time 0 30 60 90 120 300 min. Volumetric determination of the swelling of meal.



??? A small quantity of meal was shaken with water in a graduatedmeasuring cylinder of 10 cmÂ?, divided in tenths of a cmÂ?. As soonas the material had settled, the volume was read. Ihe cylmderswere then placed in incubators, kept at different temperaturesand the volumes were read again after certain intervals. Iheresults are tabulated in table III. The sweUing of meal is influenced by the temperature. ThissweUing takes place at a very fast rate. F.qailibrium is reachedin about 30 minutes time. This equ??ibrium proves to depend upon the temperature. Meal was shaken with water and allowed to settle. The cylm-ders were placed immediately afterwards in incubators at dif-ferent temperatures. After one hour they were removed, a terthe volume had been read, and transferred to a room at 15An increase in volume was observed in those cylinders whichcame from cooler places, while in the others a decrease m volume resulted. Table IV Volume in cmÂŽ, after Temp. 0 30 60 150 210 minutes 0 6.55 6.55 6.55 6.55 6.5 Hfi 7.5 6.85

6.8 6.75 6.7 NaCl 7.5 6.8 6.8 6.7 6.7 CaCl^ 20 6.75 6.8 6.8 6.8 6.8 H^O 7.1 6.85 6.8 6.75 6.75 NaCl 7.6 6.8 6.65 6.6 6.55 CaCli 30 6.4 6.6 6.6 6.6 6.6 HJD 6.9 6.8 6.75 6.75 6.7 NaCl 7.35 7.0 6.9 6.9 6.85 CaCl-i 43 6.46.8 6.8 6.8 6.8 6.85 up 6.7 6.7 6.7 6.7 NaCl 7.3 7.1 7.05 7.0 7.0 CaClz The swelling of meal in dilute solutions (N/IOOO)of NaCl and CaCl^.



??? It had still to be determined in how far the sweUing of themeal was due to water only, for dissolved material from the seedmight influence the process. About equal weight quantities ofmeal were shaken with water and with N: 1000 solutions ofNaCl and CaCl^. The results are presented in Table IV. The swelling of meal in water differs from that in dilute solu-tions of electrolytes. In the latter instance there is a continuousdecrease in the volume, while with water only the originalvolume of the swollen material remains practically constant.The shght decrease in volume, noticeable towards the end ofthe observations in some cases of Table III, has to be ascribedto the passing into solution of the electrolytes which are presentin the meal. The seed contents absorb different quantities of water atdifferent temperatures. This deduction is of importance for theexplanation of the absorption curves of the seeds. At A. seeds started cracking.



??? Towards the end of the absorption period the curves runparallel The general tendency shows, that a continued, very smallabsorption may be expected. For the curves at 25Â° and higher,the absorption rate, at least during the last six hours, showedan increase over the expected one. This must be ascribed tothe fact that the seeds were actually germinating at the tmie,as could be observed by the appearance of a number of roottips.The curves have been plotted as they would probably havecontinued their course, in case this compHcation had not arisen.The parallelity of the last parts of the curves indicates that theswelUng maximum for the various temperatures has beenapproached. This maximum, however, proves not to be mdepen-dent from the temperature. This contradicts the statement ofCouPiN (1896) that seeds always swell to the same maximum volume.nbsp;. The first parts of the curves show great differences. The mitial intake of water, apparently, is very rapid. This intake represents the amount of water which is

absorbedby the testa. This precedes the swelling of the seed contentsand the two processes can hardly be separated from one another,in particular when a number of seeds are used. The testa itself wil hardly affect the swelling process, as thelocalised absorption of water by the seed contents is of predo-minating influence. The influence of the temperature on the swelling process isvery striking. This can be demonstrated best by comparing thevelocities of water intake at various tem.peratures, after certain Table V Weight percentage of water absorbed Qio 45/3540/3035/2630/2025/15 15% 3.8 2.31.7 1.4 17% 20% 23% 25% 4.8 2.6 2.5 2.4 3.0 2.2 1.8 2.0 2.3 2.1 1.9 2.0 1.6 1.5 1.8 1.9 1.4 1.4 1.6 1.8 0,0 ratios at different stages of the swelling process.



??? equal weight percentages of water have been absorbed. The Q^^ratios have been determined for the times that 15, 17, 20, 23and 25 per cent of water had been absorbed. The remarkable feature of the swelUng process is. that thetemperature ratios increase with a rise in temperature, whichindicates that the intake of water is inhibited at low tempera-tures, but that the responsible factor decreases in influence asthe temperature rises. These ratios, however, show a steadydecrease as the amount of absorbed water increases and thismust express that during the first stages of the absorption pro-cess something takes place inside the seeds at a diminishing ratewhich accounts for this phenomenon. When considering what material is used, it seems possibleto find an explanation by advancing the following hypothesis.The temperature ratios give expression to the differences in therates with which water is absorbed by the colloids, men equalweight percentages of water have been absorbed, more watercan be bound at higher temperatures than at lower ones,

wthconstant temperature the quantity of water that can stiU bebound decreases with time. The sweUing of dehydrated colloidstakes place at a very high rate when the temperature is high,â€” the membrane being more permeable, â€” at a low tempe-rature the permeabihty limits the absorption. Thus permeabi-hty is a hmiting factor. It is due to the nature of our materialthat some of the temperature ratios appear remarkable. Thedrier the material, the higher these ratios are at high tempera-tures. The more the seeds approach germination, the more thetemperature ratios approach, which are usually considered to be, quot;normalquot; values. The temperature ratio therefore depends upon the degree of saturation of the material. In aU investigations, where temperature ratios Q^^ have beendetermined, the material consisted of organs or tissues whichwere functioning normally, i.e. they were saturated with water.In the present instance, however, little water only is presentand that in such a small quantity that the material cannot betaken to be quot;normaUyquot; active. The

only physiological processthat can be traced in seeds is respiration, and even that takes



??? place at an extremely low rate. The moment that water entersthe seeds, aU fimctions of the protoplasm can start, and theintensity largely depends upon the amount of water present.This saturation again depends upon the temperature, as isshown in the next table. Table VI Temperatures Percentage 45Â° 40Â° 35Â° 30Â° 25Â° 20Â° 15Â° of water 25 2.2 4.9 7.2 10.8 14.7 18.7 24.0 20 1.5 2.5 3.7 5.8 8.1 10.2 12.9 15 â€” 1.3 1.8 3.0 4.2 5.8 7.4 Time in hours required for the absorption of a given percentage of water. The fact, that the water absorption depends upon the tem-perature, should show a parallel in observations made on plas-molysis. A large degree of parallelity does exist between the pro-cesses of sweUing and plasmolysis, though the direction of thepassage of water is opposite in the two. If a principal differencedoes exist, it must be looked for in the membranes, for in swel-Ung a semipermeable cellulose membrane regulates the process,while in plasmolysis the protoplasm is the layer involved. Theinfluence of

the protoplasmic membranes inside the seed maybe neglected for the moment. Before comparing my observa-tions with those of other authors, who studied sweUing on seed,I shaU refer to some observations on plasmolysis. Delf (1916) published an almost classical study on the sub-ject. She observed that the shrinkage of a tissue followed analmost logarithmic course, but as she probably expected sucha relationship between the percentage contraction and the timeof contraction, she selected from several duplicate determina-tions those data which actually did show this. Apart from this,she observed that the rate of plasmolysis was high at high tem-peratures and low at low temperatures, in particular duringthe first stages of plasmolysis. Her calculated coefficients ofincrease are reproduced here:



??? Onion leavesnbsp;Dandelion scapes 40/30nbsp;3.0nbsp;2.6 35/25nbsp;2.9nbsp;3.0 30/20nbsp;2.6nbsp;3.8 25/15nbsp;2.0nbsp;3.3 The ratios increase with a rise in temperature. In either expe-riment the protoplast showed a tendency to contract at hightemperatures. This tendency became noticeable already at 35 .and the values for the higher temperatures have been compu-ted from short time observations, during which the protoplasmcould be taken not to be injured by the temperature. De Haan (1933) showed that the increase in permeabiUtywith temperature is due to the influence of the temperatureon the swelling of the protoplasm. He summarised his obser-vations as follows: quot;Die Quellung erfolgt bei niederer Tempe-ratur langsamer als bei h??herer, folglich wird auch die Permea-bilit?¤tszunahme bei niedriger Temperatur langsamer statt inden.Das (3,0, das dabei erhalten wird, ist auch f??r einen QueUungs- prozesz karakteristischquot;.nbsp;^ j -4. â€? While this observation in itself can be corroborated, it isprobably the explanation offered by Irwin

(1928), which willprove to be most helpful. In her study: On the accumulationof dye in Nitella, she describes that the ceUs of Nitella show aremarkable faculty of absorption. The initial absorption ratesshow temperature ratios which agree with those found m myexperiments, viz. 5.9 to 4.6. She considers that the absorptionis the result of a chemical combination of the dye and the cellcontents In the theoretical discussion of the experimentaldata, she comes to the conclusion that this explanation fits the f??cts There is no reason for supposing that water, which is absor-bed by seeds does not combine with the coUoids; as a matterof fact' this would be contradictory to the experimental evidence. The remarkable temperature ratios may be explained by thesweUing of the coUoids inside the seed; the rate of sweUing of these coUoids having been shown to increase with a rise in temperature. A short survey of previous observations made on sweUingseeds may be given at present.



??? Dimitrievicz (1875) observed already that the swelling ratewas increased by a rise in temperature, and he pointed out thatthis had to be of influence on the velocity of the germinationprocess, since a certain quantity of water has to be present before germination can start. Horky (1877) and Just (1877) made similar observations. Eberhart (1906) noticed that the germinal parts of grainsabsorbed more water within a certain period than the apicalparts. This phenomenon itself was independent from the tem-perature. He stated that seeds of wheat and barley sweU to thesame maximum volume, though the time required to reachthis state is dependent on the temperature. His observationswere made over 240 hours! We are not informed how it waspossible to suppress germination. Brown and Worley (1912) measured the weight increase ofsamples of seeds which were steeped in water at 3.8Â°, 21.1Â° and34.6Â°. The weights were determined after fairly long intervals,altogether five over a period of 90 hours. They were presentedas

graphs. The temperature ratios are fairly high, as they remar-ked, viz.: 911nbsp;6 Q^ av. = 3.40,nbsp;^^- = 2.44. They explained the fact, that the velocity with which water isabsorbed nearly is an exponential function of the time, withthe Hydrone Theory of Armstrong. Denny (1917) found a much lower temperature ratio, 1.6to 1.3, while the ^^o decreased with rising temperature. Shull (1920, 1924) found a close agreement between his ob-servations and those of Brown and Worley. He considers thatthe lt;2io values of 1.55 to 1.83 should indicate that absorption is a phvsical process. Kon?•do (1923) again noticed that the total volume of riceseeds depends upon the temperature and the time, the swellingrate again being dependent upon the temperature. Other important observations on swelling are those of Stilesand j0rgensen (1917), while Stiles (1924) gave a survey ofPermeability.



??? Stiles and J0rgensen immersed smaU discs of storage tissueof potatoes and carrots in water at different temperatures.Changes in weight were recorded and the amount of waterabsorbed plotted against the time. They noticed an increase inthe absorption rate with rising temperatures up to a criticaltemperature. Prolonged exposure led to a rapid loss of weight,probably due to protoplasm becoming injured and no longexfunctioning as a semipermeable membrane. This agrees mththe observations of Delf. Stiles and J0RGENsen find the follo-wing temperature coefficients: Temperature range Temperature coefficient Q^o in centigradedegrees Carrot Root Potato Tuber 1.3 1.41.6 3.0 2.75 2.7 10â€”2015â€”2520â€”30 The effect of high temperatures made it difficult to obtainrehable information about the absorption under those circum-stances In the graphs which they produce, it is evident thatsome pronounced change takes place in the material. Conside-ring that the material was saturated to utmost capacity withwater is is not remarkable that it should prove to be very

sen-sitive to heat. The loss in weight was the result of a contractionof the tended cellwalls, which pressed out water. In seeds I have not obtained a clear confirmation of thispoint, though some obvervations show that the same may hap-pen Seeds that absorbed water at 45Â° did so very rapidly. Onlya few embryos developed, and not further than the initial stagesof root growth. Not a single one produced a seedhng. A remar-kable large number of seeds showed drops of water oozing outsome time after being put out to germinate. The appearance ofmoisture at first was taken to be a sign of infection by somemicro-organism. As none could be observed shortly after theirappearance, another explanation had to be looked for. and hemost hkely one is that of Stiles and J0rgensen. viz. that the



??? living seed had died after exposure to heat and that a contractionof the walls caused excessive water to be pressed out. As seeds which did show such drops never did germinate,the presence of drops was taken to indicate death after sweUing. Another quantity of the seeds became cracked. The lattercondition is the result of absorption being carried to such apoint that the elastic seed coat could extend no further and hadto give way. This also was fatal. I consider it likely, that seedswith lowest viability wiU succumb due to exposure to hightemperatures much sooner than perfectly sound seeds. The firstwiU be kiUed before the seed contents have absorbed so muchwater that the testa cracks, the others wiU die only afterwards. It was of interest to know what manner of sweUing crackedseeds would show. A hundred seeds â€” Dwarf YeUow Milo â€”were steeped in water of 55Â°, and the absorption of water wasdetermined after certain intervals. After about 5 hours, manyseeds showed cracked testas. As the weight remained

more ofless constant from six hours steeping onwards, the seeds weredried back to approximately the original weight in vacuo overconcentrated sulphuric acid. Thereafter they were steeped oncemore in water, now at 30Â°, and the weight increase was comparedwith that of another sample of sound seed. These last determina-tions are reproduced in table VII. Table VII Temp. 30Â° Dwarf Yellow Milo Hours ofsteeping per cent weight increase seeds killedat 55Â° normal seeds 1.5 27.68 20.56 3 31.74 26.44 4 32.12 31.61 5 34.21 34.04 6 35.38 36.42 9 35.71 38.10 Absorption rates of dead and live seeds.



??? While the rate of absorption at first is much faster for thecracked seeds than for the normal ones, the total quantity ofwater absorbed by the first is less. The osmotic forces which areactive in the normal seeds have been eliminated in the crackedmaterial. This then may explain the difference in the rate ofabsorption as noticed by Heinrich (1913). We may summarize the factors which are of influence on theswelHng of seeds as follows: 1 The permeability of the selective semipermeable membrane.This permeabUity, as well as that of the protoplasm isincreased by a rise in temperature, cf. Hennemann andde haan. 2.nbsp;The sweUing force of the coUoids. The final amount of water' absorbed by the coUoids increases with a rise in temperature. 3.nbsp;The osmotic forces. These are only Uttle increased by highertemperatures. The influence of salt solutions hardly needs a lengthy discussionafter the absorption of water has been analysed. The seed isenclosed by a semipermeable membrane which shows a locaUsedarea of greater and selective permeability. By

various experi-ments it has been shown that this part of the testa is fuUysemipermeable for a certain Umited time. This time has been de-termined to be approximately 24 hours. This is in agreement withobservations by other authors on gramineous seeds. When a grain is steeped in a salt solution, the water from thesolution is absorbed and the rate depends on the osmotic con-centration of the steeping solution. In the experiments very dilute concentrations have been used,viz. 0.1 per cent CuSO^, 0.25 per cent Uspulun and 2 per centCuSO^. The latter solution was appUed for one hour only andcannot have had any noticeable influence upon the absorptionrate after the seeds had been thoroughly washed. The molarconcentration of Uspulun cannot be given, since the exact formulais unknown. Thus the 0.1 % solution of coppersulphate onlyremains. The molar concentration is iV/125, and this cannothave influenced the absorption rate to any large extent. In no case can one expect an acceleration of the water ab-sorption to result from the appUcation of desinfectant

solutions.



??? GERMINATION AND THE INFLUENCE OF THETEMPERATURE ON GERMINATION. The term germination does not lend itself to a clear definition.Kisser (1932) has given a contribution in which he tries to clearthis point. He gives a survey of the definitions of previousauthors and this is shortly reproduced here. Nobbe (1876) considered the swelling of seeds as a mechanicalprocess, preceding the development of the embryo. As a resultof swelling the ceUwaUs were stretched but no change m cellnumbers nor growth of the ceU walls was caused by it. Thechemical changes in the food reserves of the f.eed facihtated sub-



??? sequent growth of the embryo. Germination commenced at themoment, that the radicle, which had increased in size by celldivision, pierced the testa. Detmer (1880) identified the absorption of water by the seedswith the beginning of germination. Klebs (1885) regarded germination as a number of consecutiveprocesses, as water absorption, piercing of the testa etc. ScHMiD (1902) defined germination as the moment at whichthe testa was broken by the embryo. Lehmann and Aichele (1931) describe germination as thebeginning of a new phase of life, under influence of externalconditions. Inside the germinating seed a number of processestake place, which separately cannot be considered as germination,but only the sum total of all individual processes constitutesgermination. Kisser himself considers that germination commences at themoment at which the embryo passes from its phase of relativerest to a phase of growth. He suggests that this should be de-termined by measuring the length of the radicle. However correct this definition may be, it is but hkely thatit

will not find ready application, owing to practical difficulties. It is still more difficult, according to Lehmann and Aichele,to determine the end of the germination process. Gradually theembryo develops into a seedhng and the seedling into a plant.Clear limits do not exist. They cite the quot;Technische Vorschriftenf??r die Pr??fung von Saatgut, 1928quot;, which like the quot;Rules forSeed Testing, 1928quot;, consider those seeds as germinated whichshow a normal sprout and a root with roothairs, but principallythose which may reasonably be expected to continue theirdevelopment under favourable conditions. General experience is required as a guide. The official ruhngs, to a certain extent, have simphfied thegeneral position and while the definition remains rather vague itis more readily apphcable than the one of Kisser for the be-ginning of the germination process. A seed was considered as germinated when either the radiclehad developed normally or adventitious roots had developed,so that the embryo possessed organs for absorption of water and



??? other substances which could function if the seedlings weredeveloping in soil. The plumule had to develop so far that it didstand away from the scutellum; this includes that it did reactto its position and showed geotropic response. The length of theplumule was not considered of importance, neither the fact thatthe first blade could still be enclosed by the coleoptile. When counting the number of seeds that had germinated, IfoUowed, as far as possible, the Rules for Seed Testing. Becausethe average germination time had to be determined, the germi-nated seeds were counted and removed every 24 hours. In the tables presenting the results of the germination ex-periments No. XIIâ€”XVIII, the first double column deals withuntreated seeds, steeped in water only. Each table gives theresults obtained at one temperature. As the influence of des-infectants was studied at the same time, the various columns facilitate comparison. For every sample the average germination time has been cal-culated. These figures have been used to

calculate the means forthe samples soaking from 1 to 6 hours, from 1 to 12 hours andfrom 12 to 36 hours. They are presented in the following table. Table VIII Temp. Aver. 1st. 6 hrs. Aver. 1st. 12 hrs. Aver, last 24 hrs. 15 5.55 5.57 5.62 20 3.03 3.07 3.48 25 2.33 2.32 2.65 30 1.70 1.77 2.15 35 1.70 1.74 2.40 40 1.98 2.03 2.83 Average germination times in relation to length of period of presoaking and temperature. While there is hardly any difference between the values in thefirst two columns, a striking difference is noticeable betweenthem and the values in the last column. It is only at 15Â°, wheregermination proceeds very slowly, that the difference betweenthe values is smaU. On the whole, the longer period of soaking



??? has a retarding influence on the rate of germination. Whencomparing this with the total number of seeds germinated ineach case, it is clear that the duration of soaking does not in-fluence the flnal count, except at 40Â°, where a decrease in thegermination percentage demonstrated the injurious effect oflong soaking. It was likely that the oxygen supply caused this phenomenon. This was put to a test. 100 seeds were soaked in the usual way,while a second sample of 100 seeds was placed in a flask withlittle water on a shaking machine. 24 hours later the seeds wereput out to germinate and the average germination time wascalculated. The test sample germinated in 3.05 days, the controlin 3.25 days. The temperature varied, since the shaking machinecould not be placed in an incubator at constant temperature.The difference was not due to a greater absorption of water,though the shaken seeds absorbed water at a slightly faster ratethan the controls. Table IX Room temp. Â? 20Â° Klerksdorp var. Time in hours per cent water absorbed shaken control 2 11.72

10.19 4 15.92 14.41 6 18.73 16.68 12 25.31 23.33 24 29.18 29.10 36 32.64 1) 30.61 Percentage water absorption under influence of shaking. The amount of oxygen available to the seeds is increased byshaking, the shaking itself is of no influence. This could be provedby another experiment. One set of samples were soaked in water,about 25 cm3 to 100 seeds, with an oxygen atmosphere above thewater, a second group in stoppered vessels, filled to utmost 1) seeds were germinating.



??? capacity with water and a third one in stoppered vessels filledwith boiled water. The samples in boiled water were placed onthe shaking machine. After 24 hours the percentages of waterabsorbed were 30.08, 28.85 and 29.37 respectively, while theaverage germination times in the same order were 2.80, 2.97 and 3.00 days.nbsp;. The presoaking of seeds can have a depressing influence on the rate of germination. Whenever the layer of water over thesoaking seeds prevents or obstructs the gas exchange of the seeds,the germination rate is retarded and the average germmationtime is lengthened. The method as employed in my experimentsgave nearly optimum conditions for development. Observations of this kind were made by Just. Haberlandt(1877) had stated that presoaking had no influence on the rateof germination. Just (1877) remarked that Haberlandt hadnot stated the height of the water column in his experiments. J ustfound this to be an important item, since the presence of watermight influence the gas exchange.

He observed that seeds whichhad been covered by a water layer of i/o-l cm in depth germi-nated more readily than seeds which had been covered by 4â€”6 cm water.nbsp;^ â–  The effect of presoaking depends altogether upon the height of the water column above the seeds. Eberhart (1906) observed that presoaking barley at 10during 100 hours had about the same effect as 48 hours presoakingat 20Â°. If the seeds were soaked for longer times, germination was inhibited to a larger or lesser extent. Geiger (1928) noted that soaking seeds show inhibited gasexchange, as graduaUy aU oxygen is used; anaerobic conditions may therefore develop.nbsp;. Pei Sung Tang (1931) passed air through the water m which seeds were soaking. Up to a certain rate of air flow, a relation existed between this rate and the germination percentage A further increase in the air supply did not cause a corresponding increase in germination.nbsp;. The influence of the temperature on the rate of germmationis very pronounced. The influence on the

absorption of waterhas been discussed already and the effect of the absorption on



??? the living organism is left for discussion. From the experimen-tal data we may deduce that a relatively small quantity ofwater suffices to start the germination process. How small thatquantity actually is, could not be determined by my experi-ments, for the seeds could absorb water from the filter paperafter having been soaked. The average germination time clearly shows the effect of thetemperature. This has been presented in a graph (Klerksdorpvar.), fig. 3. The average of the germination times for the samplessoaking from 1â€”6 hours has been plotted together with theaverages for the samples soaking from 12â€”36 hours. The dif-ferences become more and more pronounced as the optimumtemperature is approached. This must be ascribed to theinhibiting effect of presoaking. When the optimum has beenpassed the injurious effect of the temperature causes a lengthe-ning of the average germination time. The averages for 24 hours soaking are about the means ofthe values shown in the graph. The varieties Dwarf Yellow MUoand Dwarf Hegari have been

soaked for 24 hours at all tempera-tures. The values for the absorption of water, average germina-tion time and final count have been hsted with those of Klerks-dorp, which underwent the same treatment. Table X Absorption in% H,0 Av. Germ. Time 22.3027.2628.7629.6831.5233.6237.32 2 3 1 2 3 34.92 30.39 5.6 5.8 6.1 38.85 34.04 3.4 3.0 3.2 43.23 38.26 2.3 2.0 2.3 43.31 40.56 2.1 2.0 2.0 44.04 41.55 2.1 2.0 2.3 43.06 44.57 2.4 2.7 2.3 43.26 46.14 â€” 2 Dwarf Hegari. Absorption, Av. Germination time and Final count of thevarieties after 24 hours soaking at different temperatures. Final Count out of 50 1 2 3 42 48 29 43 46 39 48 49 47 47 43 47 45 37 33 41 12 31 â€” â€” â€” 3 Dwarf Yellow Milo. three Temp. 15202530354045 1 Klerksdorp Kort Rooi.



??? The average germination times of the three varieties show different optima. For Klerksdorp Kort Rooi, the optimum temperature liesbetween 30Â° and 35Â°. The final counts do not show any differencein the germination percentages. From the graph, fig. 3, however,it is evident that the optimum temperature is influenced by the presoaking period. WTien this period is short, there is no dis-tinction to be made between the influences of the two tempera-tures. For Dwarf Hegari the shortest germination time equals twodays. The final counts at the temperatures 25Â°, 30Â° and 35Â° showsuch pronounced differences, that the optimum temperatureappears to be nearer 25Â° than 30Â°. Strictly this applies only to



??? the experimental conditions. Dwarf Hegari proved to be thefastest in germination of the three varieties at medium tempe-ratures. The radicle-tips became visible: at 15Â° after 48 hours.20Â°, 24 hrs.. 25Â°, 12 hrs.. 30Â°, 9 hrs., 35Â°, 5 hrs., 40Â°, 12 hrs. Thevariety appears to be very sensitive to heat. For Dwarf Yellow Milo the optimum is found at 30 . Of the three varieties the South African one seems to be themost resistant to heat. Another important character of thismaterial is that they absorb relatively less water than the other varieties.nbsp;. Swanson (1926) ascribed the rate of water absorption byA sorghum to the structure of the seed coat. The absorptionrate of the three varieties showed great variation. SmaU diffe-rences in the structure of the testas could be observed, but thesecannot be held to be responsible for the observed variation.All evidence, as has been stated, points to the absorption takingplace at the micropylar end of the seed, and here no remarkabledifference could be observed. My observations agree weU with those of Tjebbes (1912).who

observed that the germination rate of sugar beet seedsbecame accelerated by temperatures higher than 30Â°. but theseedhngs were sometimes found to be abnormal. He saw thatat 40Â° a noticeable decrease in germination could be observed,while at 50Â° no germination at all took place. Abnormal seedlings were noticed in my experiments frequentlyat temperatures above the optimum. The Klerksdorp variety,with a high optimum, showed relatively few abnormal seedhngswhile the two American varieties germinated badly at hightemperatures. The abnormal feature was that the radicle didnot grow more or less straight, but developed spiral-wise. for-ming either a longitudinal or a ring-spiral. Because this wasobserved more frequently in Klerksdorp var. m desmfectedseeds, it was at first taken to be a result of desinfection. Expe-riments showed that this phenomenon could result as weUafter short time exposure to high temperatures and seeds whichhad been soaked at 55Â°, for one hour, showed large numbers ofabnormal roots. This has to be regarded as a

general symptom



??? of injury to the root or radicle, irrespective of the cause of theinjury GeneraUy the radicles recovered after a few days atlower temperatures, as was shown by their further growingstraight out. Somewhat similar observations were made by Friesen, andPringsheim (1928). Friesen observed that the radicles of seedswhich had been exposed to heat or had been treated with che-micals showed less geotropic response than normal radicles. Heconsiders this to be the result of a reduction of number of starchgrains in the calyptra. He does not want to draw the parallelbetween heat influence and that of chemicals too close, becausethe alteration in the behaviour of the root is caused by different agents.nbsp;, Pringsheim observed the spiral growth of roots, but ascribed this to the influence of desinfectants only. My own observations have shown that the reaction of theroot is independent of the cause of the reaction and is merelysymptomatic. Reference has to be made to the experiments of Wassink(1934), which induced my own

experiments with a shaking-machine. Wassink was able to grow Phycomyces in a liquidmedium by shaking an inoculated culture solution. He suggestedthat the development of the spores normally is retarded becausethey sink in the solution and suffer from oxygen deficiency. Therate of gas exchange by diffusion is very slow and the oxygensupply in the immediate neighbourhood of the spores is exhaustedafter some time. By shaking the solution, the spores are broughtin continuous contact with a medium with normal oxygencontent, so that diffusion of oxygen from the air needs to takeplace through a thin layer of water only and this hardly influ-ences the diffusion rate.nbsp;. Seeds also depend upon the oxygen supply for germination.The paraUel with the material of Wassink is obvious. In thiscase however, the conditions which suppress germmation couldnot all be eliminated. This may be due to the fact that the seeds on the germination beds are in still more favourable conditions as they are in immediate contact with the air, at

most separatedfrom it by a thin film of water.



??? THE INFLUENCE OF DESINFECTION ON THE GERMI-NATION PROCESS. As stated in the introduction, the influence which desinfec-tants may have on the seed and on the germination process hasdrawn much attention during the last 20 years. Some investigators tried to demonstrate that seeds could betreated in such a manner that, as a result, the growth of theembryo became accelerated and germination took place, in ashorter time than normally, while because of stimulation of theembryo the seedlings might show more vigorous growth thanuntreated ones. Others again considered the stimulation of seeds as not pro-ved, or otherwise not sufficiently controllable to warrant advo-cating its general apphcation in practical agriculture. Many opinions have been aired and data have been collected tosupport the one or the other theory. The principle of stimulation itself has ruled botanical physio-logy for quite a long time. The controversy was started by thepublication of Raulin (1869), who indicated that some elements,up to then considered of no value to plant

nutrition, wereessential for plant growth. The list of these elements, startedby Raulin with zinc and silicon, has become much extendedsince and a large number of elements are now accepted asessential which formerly were considered as perfectly useless.Raulin, already, pointed out that the concentration of theelements in the culture solution was of importance and thatsome substances in every concentration had to be consideredas poisons, e.g. silver and mercury. It was Richards (1897),who interpreted the observations of Raulin by suggesting thatelements like zinc, cobalt, nickel, manganese and others, werenot so much of essential value for nutrition itself as they mightbe stimulants for metaboHsm. This remark was made in thedays that Pfeffer and Czapek had built up a physiologicalterminology in which the term stimulus had a principal valueand was applied and abused in several instances. Phototropismand geotropism were processes, wherein a stimulus was per-ceived by the plant. A minimum stimulus was required to start



??? off any reaction. The chemical stimulation of plants was reducedto a phenomenon comparable with others in human and animalphysiology. A substance could be poisonous in large quantitiesand would, sometimes, show an enhancing influence on someprocess in lesser concentration. Later on this was defined byPringsheim (1914), who distinguished between chemical sti-mulants and nutritive substances by applying the following test:WTien a substance causes an increase of one third in the dryweight of a plant when apphed in double the normal quantitythe substance is of nutritive value; when the increase is no morethan one seventh the substance is a stimulant. That this distinc-tion is merely arbitrary needs no comment. This hne of thought may have been fruitful to a certamdegree, it has never explained what did happen. Seeds of diffe-rent plants and, in case of cereals, of many varieties have beensubjected to numerous treatments, so that an extensive htera-ture has been produced on the subject. The conclusions

anddeductions of the investigators sometimes escape analysis,because of the scantity of information suppHed. Many have beenpubhshed before a standard method for analysis and obser-vations on seeds was demanded and described by Gassner(cf. page 40). The term stimulation is justly vague. Pfeffer (1897â€”1904)uses it extensively, likewise Czapek (1922). Benecke-Jost(1923) state that the term stimulation will have to bedropped most probably in seedwork, as the observed pheno-mena could be reduced to catalytic functions. According tothese authors, chemical stimulants have no nutritive valueFrom this one might deduct that they consider it essentialthat no stimulation experiments should be performednutritive salts. In Kostytschew-Went (1931) a similaropinion is stated. The principal experiments which wouldsupport this statement are those of Stephan and Lantz.Stephan (1929) observed a more rapid germination after stimu-lation and a greater catalase activity. By what method the ger-mination rates are determined

and compared is not commented.The catalase activity needs not to be a result of the previoustreatment, but may be a parallel phenomenon with a more



??? rapid germination in some samples. Lantz (1927) not^ced tha0 25 per cent Uspulun has very httle influence on the amountof water absorbed within a given period. No direct relationbetween desinfection and catalase production can be found m ^'seTsWation with chemicals began to receive a greatdeal of attention since the publications of Popoff and his 'quot;quot;^he basic principle for his investigations was the assumptionthat in the course of its life, every organism looses water andthe loss of water causes ageing. Thus ageing is linked to a pro-cess of dehydration. The rate of vital processes depends uponhe degree of hydration of the protoplasm. When the latter isincreased a greater activity results and such an increase can beinduced by applying certain, weU-chosen stimulants This point of view, in itself a rather fascinating theory hasstarted Search workers looking for the adequate chemical sti-mulants. At first they were found to be ratherincreasing accuracy in experimental methods ^n^ thoroughinterpretation of the results have gradually reduced the numberto a

dwindling few. Some nitrates are stiU considered as stimu-lants though the objection of Benecke-Jost should apply tothem', while others again look for stimulating substances prm-cipally among the poisonous seed-desinfectants. As Senf (1925) stated the case of the adherents of thestimulation-idea, a treatment of the seed with chemicals may Tmlkhig available a small quantity of food for the developing embryo,nbsp;, -, . j. 2.nbsp;increasing the permeability of the testa, 3.nbsp;destroying the spores of injurious orgamsms, attached to the testa, 4.nbsp;increasing the viability of the embryo.These points may be analysed as follows: 1 The practice of using nutritious substances should be abo-lished for this purpose, since the object is to study stquot;aulaUonof the embryo and not the best method of supplying the youngseedhng with food.



??? 2 The observations on the existence of semipermeable mem-' branes provide the answer. The testa is not easily made morepermeable and if so, at great risk to the embryo only. Greaterpermeability may be caused by the application of alcohol andother substances which cause an irreversible change in themembrane. These substances are all very poisonous to theembryo. The use of known seed-desinfectants does not in-crease the permeabihty and never causes stimulation, muchsooner retardation of the germination process. 3.nbsp;The destruction of spores of fungi can only ameliorate theconditions for the seedling after development and thus mayinfluence the germination percentage, as well as the rate ofgermination. This will be demonstrated by the results from my experiments. 4.nbsp;This point has been formulated in a very vague manner and is included in the other ones. Bredemann (1924, 1926), in his plot- and field-expenments.failed to find a stimulating effect for salts of magnesmm, manga-nese and potassium,

when appUed in concentrations of 3 to 4per cent during from 4 to 24 hours. LuNDEG?¤RDH (1924) Considered that Cu was absorbed fromsolutions of copper sulphate. The absorption should take placeperiodically and in a serial experiment the periodical stimu-lations should correspond with the absorption of minute quan-tities of copper. His method, however, leaves doubt about thevalue of the observations, for the small variations in the percen-tage of coppersulphate in the steeping solution may come within the limits of accuracy of the method. Kotowsky (1927) drew attention to the fact that the theoryof popoff opposes the theory of semipermeability. He observedthat the testa of cereals prevented the absorption of potassiumnitrate and other salts from solution and washing the seeds for1 minute resulted already in very heavy losses in the amountof salts absorbed in the testa. The behaviour of the testa m thepresence of stimulants should be known, before any furtherattempt should be made to apply stimulation on a larger scale,

in order to escape failures. Niethammer (1927, 1928) is very cautious in expressing an



??? opinion. While for some time associated with Popoff's periodical,she has apparently become convinced by Gassner and considersthat since the desinfectant, in this case Uspulun, has a killingeffect on the spores of several micro-organisms, it is very likelythat its stimulating effect should be regarded as a result of itsdesinfectant properties. Kisser (1933), in a largely theoretical contribution, considersstimulation not proved and the possibility of stimulation notlikely. The present author is in no way advocating the use of anyparticular desinfectant and it is partly because of the historicalvalue of coppersulphate that its effect has been chosen as anobject for closer investigation and comparison with that of oneof the products of modern industry, Uspulun. The influence of coppersulphate has attracted the attentionof numerous investigators. VoGT (1926) records the use of this salt in the year 1761, andconsequently it is impossible to give a complete survey of thedevelopment of its application. Many statements have beenmade which discourage the continuation of the

application ofthis fungicide in seed practice. One of the most recent is thatof Heald (1932): quot;The injury from coppersulphate treatment has generally beenmeasured in terms of the reduction in the percentage of viableseeds, which may frequently show a drop from 90 to 100 per centgermination of untreated wheat to 36 to 60 per cent germinationwhen given the standard bluestone treatment (1 pound to 5gallons for 5 to 10 minutes)quot;. This is practically a 2 per centsolution. quot;It has been shown that the toxic action of the copper alsocauses a pronounced retardation of growth when the treated seedis planted in the field and that many seedlings which do growmake an abnormal development, with curved, deformed plumuleand poor root growthquot;. The question arises, whether the influence of coppersulphatereally is as injurious as stated here. For it has been in use solong, that one wonders why it has remained so at all, if its actionis as dangerous as stated by Heald; it would be no compliment



??? to the abihty of observation and deduction of former generations. In the middle of the last century, K??hn advocated the use ofcoppersulphate. Some years afterwards, in 1872, Nobbe wantedto determine the influence of a coppersulphate treatment on thegermination of seeds which had been threshed by hand and bymachinery. Machine-threshed seed were found to contain some-tmies up to 20 per cent of seeds which were damaged, withcracked testas. These seeds, under normal conditions and whennot vitally injured, germinated faster as they could absorb watermore rapidly than sound seeds. They were, however, much moresensitive to the desinfectant. Nobbe used a solution of 0.1 percent and steeped for 24 hours. Hand-threshed seed germinatedfaster, after steeping, than machine-threshed. The differencesbetween the two groups became less pronounced in about threeweeks time. Wheat was relatively more sensitive than rye, barleyand timothy. K??hn (1873) repHed by stating that Nobbe should haveapplied a 0.5

per cent solution for 12 hours only, since then noinjury to wheat was noticeable. In this way the effect of copper-sulphate became the object for exact investigations and all kindsof concentrations have been apphed as well as different treat-ments after the apphcation thereof. Nobbe noticed that the treatment had impaired the quahtyof the seedlings. Some were rootless, others had injured roots.This, however, was observed in both the machine- and hand-threshed material and had to be ascribed to the influence of thecoppersalt on the germ. As Nobbe stated: quot;Die vom gebeiztemKorn erzeugten Pfl?¤nzchen sind n?¤mlich durchweg entwederg?¤nzlich wurzellos, oder doch mit einem sehr geschw?¤chten Wur-zelsystem versehenquot;. Tjebbes (1912) observed that a 2 per cent solution did notcause any injury to the seeds of sugar beets, provided the seedswere spread out to dry before sowing, immediately after steeping.When dry, they could be sown without any danger. Sowing inmoist condition led to heavy losses. Quanjer

and Oortwyn Botjes (1915) used coppersulphatein a very concentrated solution, which was apphed as a spray.The argument in favour of this treatment was that the seeds do



??? not swell in such a solution and no salt can enter the micropyle.The germs on the testa are killed effectively. In all their experi-ments. the treated seeds show a shghtly retarded germmation ascompared with the controls. The method itself, from theiraccounts, leaves little to be desired. They noticed that a moredilute solution of coppersulphate, a 2 per cent solution, causedinjury. They present here and there slightly flattered results byincluding rootless seedhngs in their germination counts. This point will always remain a subject for discussion, forseeds which have produced normal and vigorous plumules mayreasonably be expected to continue growth. The present inter-national rules have been laid down fairly recently (1928). Myown experiments show that rootless seedlings were not retardedin their complete development by more than about 24 hours. During the following years a great effort was made to increasethe size of crops to the utmost. The prevailing conditionsfavoured the publications of Popoff and his school. Accordmgto his theories, one should be able

not only to increase the quan-tity but also the quality of crops, by applying small amounts ofinorganic substances. The outlook was decidly promising, tiUexact investigations began to shake the foundations of the stimulation hypothesis. It was Gassner (1923, and following years), who explodedthe theory. In a series of pubhcations he gave a reUable basis toseed work. Germination tests had to be made on 4 X 100 seeds.The average germination time had to be calculated for everysample, to enable comparison, together with the germinationpercentage. The quotient of the percentage and the germmationtime gave a figure which he caUed the quot;Wertungszahlquot; â€”germination value. By comparing these values the results ofdifferent treatments could be determined. All field tests should be preceded by laboratory tests undercontrolled conditions. The effect of any treatment could thus bestudied accurately, interfering environmental factors had to beeliminated. In a laboratory experiment it was necessary to wash the seedsafter desinfection to prevent injury and this

washing was foundto be quite effective.



??? In this way he prepared the way for the determination of thedosis toxica and dosis curativa, the concentrations of the des-infectant which caused injury to the seed and which prevented infection by fungi. Gassner worked exclusively with one variety of wheat at one temperature and studied the action of formaldehyde and oforganic mercury compounds. He noticed, that while washingXved practically all desinfectant from the testa smalloultities,'traces, could stay behind. As a result root injurycould occur, the other parts of the germ were not injured. Ihis isindirect evidence in favour of localized absorption. The explana-tion offered was that some of the desinfectant became adsorbedbv the testa. A similar observation had been made ah^dy byKurd (1921) who observed this for coppersulphate. It is butlikely that the desinfectant wiU enter more or less deeply intothe Lropvle during steeping and that subsequent washing wallremove only the most readily accessible deposit.TasLer observed that the influence of the desinfectantdepends

upon the temperature. While this quot;^t refers mo^^^in particular to the mercury compounds and formaldehyde, thesame could be observed for coppersulphate. At high tempera-tures swelling and development of the embryo take place at ahigher rate and the radicle will pierce the testa much sooner thanat low temperatures, consequently root-injury may become morefrequent. LssNER considered that low temperatures shoT^dfavour desinfection, but other observations made itto lay down a hard and fast rule. A simple relation betweenlengtl of time, temperature and concentration m a desmfectmg of uspulun, 'Wâ€”_ a mixture of mercuric chloride and coppersulphate -, andcoppersulphate was not influenced by a change in temperature.TAur(1925) and Nagel (1925) both noted that the tox,ceffect of desinfectants increased with a rise in temperature andr dosis curativa had to be reduced for both Uspulun and copper-slhate. No stimulation was observed by Plaut m sugar beets,:^her in seedling growth or in sugar content of the beets

afterapplying various desinfectants and magnesramchlonde.



??? Bfxker (1926) used coppersulphate on wheat and appliedconcentrations of 0.05,0.1, 0.25 and 0.5 per cent. After 36 hours(!)he counted the number of germinated seeds and found a largerpercentage germinated after the 0.1 per cent treatment than inall others, while 0.5 per cent retarded germination. After 3 daysthe difference had disappeared, the injurious effect of the con-centrated solution remained visible. The time of steeping was4 hours, at 18Â°, germination taking place at 10Â°. With Uspulun concentrations of 0.05 and 0.1 per cent stimula-ted slightly, while those of 0.25 and 0.5 per cent retarded germi-nation. After 48 hours the effect of the highest concentration wasstill noticeable, that of the others was about the same. Little injury could be observed on the whole. Rice was found to be stimulated by 0.02 to 0.03 per centcoppersulphate after 24 hours steeping, but the seedlings wereinjured. During later stages of development this effect wore offaltogether. Similar observations were made with Uspulun. Niethammer advanced the opinion that the stimulating effectof Uspulun might be due

to sterilisation rather than tostimulation. Some attention must be paid to the statements of Senf (1925).His observations on the effect of coppersulphate require carefulanalysis. He treats his material, amongst others, with thefollowing concentrations of coppersulphate: 0.25 % for 30 min. germination percentage 85.30.25% â€ž 60 â€žnbsp;â€žnbsp;â€ž 90.8 0.5 % â€ž 30 â€ž (normal)nbsp;â€ž 84.5 0.5 % â€ž 60 â€žnbsp;â€žnbsp;â€ž 85.5 water â€ž 30 â€žnbsp;â€žnbsp;â€ž 87.5 water â€ž 60 â€žnbsp;â€žnbsp;â€ž 88 untreatednbsp;,,nbsp;,, 87.5 Material: wheat, Rimpaus Dickkopfweizen. From these figureshe concludes that the seeds have been injured by the treatment.The average germination time was found to vary from 3.1 to3.4 days. The results with Uspulun have been treated in a similar off-handed manner. The material for attention is wheat, KirscheDickkopf. With the normal treatment, 0.25 per cent Uspulun



??? for 1 hour, he finds a germination percentage of 97 per cent, 1 % for 15 min. 99 %, time 3.5 days 0.5 % â€ž 30 â€ž 98 %, â€ž 3.3 â€ž 0.25 % â€ž 120 â€ž 97 %, â€ž 3.3 â€ž 0.25 % â€ž 30 â€ž 96 %, â€ž 3.5 â€ž 0.1*)% â€ž 120 â€ž 98%, â€ž 3.1 â€ž 0.1*)% â€ž 60 â€ž 98 %, â€ž 3.2 â€ž water â€ž 120 â€ž 95 %, ,, 3.5 â€ž water ,, 60 â€ž 96 %, , 3.2 â€ž water â€ž 30 â€ž 95 %, â€ž 3.7 â€ž untreated 95 %, â€ž 3.5 â€ž ine marKeu uecLuucuLa oiiv^i^i^xnbsp;------- in the average germination time should make one rather cautiousnot to rely too much on the deductions made. The material showsmarked variations and the mean error, apparently, has not been considered.nbsp;. The fact that conclusions as to the influence of a certain treatment are based on the means of the results obtained with anumber of different varieties, which each show a different be-haviour towards the desinfectant, expose his deductions toserious objections. It is of httle importance that he finds thatcoppersulphate should be unsuitable for desinfection. Own

Experiments: Material: Dwarf Yellow Milo. To determine the influence of time, temperature and concen-tration of a desinfectant solution, two concentrations of copper-sulphate were used, viz.: 0.1 and 1.2 per cent. The seeds weresteeped for 1, 6 and 12 hours at 0Â°, 30Â° and 45Â°, and laid out togerminate at 30Â°. A control test was made wherein water took theplace of the coppersulphate solution. The samples consisted of 100 seeds each. If any simple relation did exist, 12 hours steeping m 0.1per cent should have an equal effect as 1 hour steepmg m 1.2per cent The influence of the temperature should becomeevident from the results. The results have been tabulated mTable XI.



??? Sam- Temp. Time Treat- Germinated after hrs. Germ. A.G.T. Germ. pieNo. hrs. ment 24 48 72 96 120 % value CuSO^ 1 0 1 0.1%gt;gt; 49 42 1 â€” 2 92 1.59 116 2 6 5 75 4 3 â€” 84 2.13 79 3 12 fi â€” 81 10 2 â€” 91 2.20 83 4 30 1 gt;t 56 35 8 â€” â€” 99 1.52 130 5 6 7i 40 36 8 â€” â€” 84 1.62 104 6 12 fi â€” 89 3 â€” â€” 92 2.03 91 7 45 1 if 56 31 4 â€” â€” 91 1.43 127 8 6 gt; f 4 36 6 â€” â€” 46 2.04 45 9 12 11 â€” 19 12 2 1 31 2.81 22 CuSO^ 10 0 1 1.2%1gt; 21 14 56 â€” â€” 91 2.38 76 11 6 â€” 4 84 â€” â€” 88 2.95 60 12 12 fgt; â€” 3 76 â€” â€” 79 2.97 53 13 30 1 tgt; 12 9 69 â€” â€” 90 2.63 68 14 6 tf â€” 7 83 2 1 90 3.07 59 15 12 igt; â€” 8 59 5 â€” 67 3.18 42 16 45 1 igt; 15 10 67 â€” â€” 92 2.57 72 17 6 gt;gt; â€” 1 21 â€” 4 26 3.27 16 18 12 gt;gt; â€” â€” 4 3 2 9 3.78 5 19 0 1 water 53 34 2 _ _ 89 1.43 124 20 6 â€” 84 4 â€” â€” 88 2.05 86 21 12 â€” 84 2 â€” â€” 86 2.02 85 22 30 1 59 32 â€” â€” â€” 91 1.35 135 23 6 a 38 52 1 â€” â€” 91 1.59 114 24 12 fgt; 11 83 1 â€” â€” 96 1.92 100 25 45 1 ff 63 25 â€” â€” â€” 88 1.28 138 26 6 1 21 5 â€” â€” 27 2.15 25 27 12 gt;3 â€” 3 2

â€” â€” 5 2.40 4 Sample No. 24, steeped in water for 12 hours, at 30Â°, was taken as theone with which the others might be compared. Effect of time, temperature and concentration of CuSOt, upon furtherdevelopment at 30Â°.



??? Analysis of the results: a. The control samples. The highest germination values are obtained where the seedsare steeped in water for one hour only, as long as the tempera-ture is high. Little difference exists between the values of 30Â°and 45Â°. The low temperature retards the rate of developmentand this effect has not yet worn off after about a day and ahalf. Longer exposures to 45Â° cause a rapid drop in the germi-nation percentage and everything points to the material beingvitaUy injured. At 30Â° the longer steeping causes lengthemngof the germination time, which phenomenon is less pronouncedat 0Â°, though quite prominent. b. The treated samples. The temperature influence is here of the same nature as mthe controls. In the dilute coppersulphate series the differenttop values agree closely with those of the controls. This agreeswell with the observations made on the rate of water absorp-tion and germination with the Klerksdorp variety. A slightretarding influence of dilute coppersulphate is evident. Themore concentrated solution

has a pronounced inhibiting influenceon the average germination times and consequently on the ger-mination values.nbsp;, A remarkable effect is that of the dilute salt solution on the seeds exposed to high temperatures. When comparing the fib-res of samples 8 and 9 with those of 26 and 27, it is clear thatthe first values show a great advance over the second ones.Considering all sets of samples, it appears as if ^he^oppersu^hatein this case has assisted in the development of the seedlings.The only explanation which I could find is, that the seedcoatof the seeds, during the swelling process, cracked and thasome small quantity of the salt itself has corne -to -nt-^with the embryo and has counterbalanced the effect of thetemperature. To a certain extent this might be considered asstimulation, though it is preferred not to use that term sincethe term has generally been applied for annbsp;^ mination percentage at normal temperatures. At and below theoptimum temperature there is no stimulation.



??? The relative toxic effect of cofpersulphate is not increased bya rise in temperature. The general development of the experiment was indicatedalready after 12 hours. At that time the following sampleswere germinating, showing the tips of the radicles: 1, 4, 5, 6,7. 10, 13, 16, 19, 22, 23, 24 and 25. This is an ideal illustration of the effect of the opthnum tem-perature and of the inhibiting action of the concentrated saltsolution, when applied for 6 and 12 hours (14, 15). The effect of the treatment on the development of parasiticfungi was carefully noted. Dwarf Yellow Milo, at least thesample at my disposal, was infected with Helminthosporium. The controls showed no infections on seed which had ger-minated within 24 hours. It is possible that some of these seedswere infected, but the development of the embryo left notime to observe this. After 48 hours the foUowing observationscould be made: sample 19, on germinated seeds 23 infections, on rest of 18, 8 mf.20 â€ž21 â€ž22 â€ž 23nbsp;â€ž 24nbsp;â€ž samples 25, 26 and 27 no infections at all. The exposure to 45Â° for one hour or longer

reduces the num-ber of infected seed to practically nil. It is in agreement withthe general observations on desinfection that the percentageinfection decreases when the temperature is raised above theoptimum of the parasite. The hot water treatment of cerealsrequires a 10 minutes steeping in water of 51Â° to 53Â°. and alonger period at a lower temperature appears to be equallyeffective. This could be observed on Klerksdorp as well, wherethe seeds that had been soaked longer than 12 hours at tempera-tures close to and above the optimum showed no infectionat all. The following observations were made on the seeds treatedwith 0.1 per cent coppersulphate: sample 1. normal in every respect, 2 seeds infected. 38 â€ž â€ž 16, 13 48 â€ž 16. 8 14 â€ž â€ž 9. 5 â€ž 10 â€ž â€ž 10, 4 â€ž 13 â€ž 6, 2 â€ž



??? sample 2. and 3, roottips, in particular the tip of the coleorhiza,slightly brown, roots developing normally, thoughslower than in controls. â€ž 4. 5, 6, 7, roottips slighly brown, roots developing slo-wer than controls, root-hair development delayed. 8 and 9, germinating slowly, no signs of injury.After 72 hours more infection appeared on 1, 2 and 4, theothers remained perfectly free from infection. The radicles weregenerally thinner than in the controls and in some the develop-ment of root-hairs took place rather late. It was impossible todetermine in how far this is an important feature, it did occurin some of the controls as well. The treatment with 1.2 per cent coppersulphate resulted incomplete desinfection. After 48 hours many seeds had deve-loped normal plumules, but as no radicles were present or anyother roots, the seeds were not considered to be germinated. Itappeared as if the coleorhiza could not be pierced by the radiclesand in some cases the radicles themselves were injured. Thecolour of the affected parts was deep brown to

black.After 48 hours the following notes were made:sample 10, plumules normal in 63 seeds, but roots undeveloped. 79 636960616114 111213U161617 sample 18 showed no remarkable features. Table XI shows that within 24 hours these seeds had allproduced roots. In some the radicle had finally pierced thecoleorhiza and was visible as a white tip, in others adventitiousroots had developed. No relation between time, temperature and concentrationcould be observed. A much better comparison between the effects of coppersul-phate and Uspulun could be made on the Klerksdorp seeds, asreported in the tables XII to XVII. They are shown in thegermination values.



??? Time ofsoakingin Hrs. 0.25%Uspulun 2% CuSOt 0.1% CuSO^ H,0 IV III II O Hd Hdlt;ti H dlt; Hd ?•U 1 7.80 5.5 8.28 6.0 â€” â€” 7.59 6.2 2 9.14 5.5 8.84 6.3 7.34 6.6 9.10 6.4 3 10.58 5.6 11,09 6.3 9.93 6.7 10.86 6.4 4 11.64 5.5 11.78 6.6 10.42 6.7 11.19 6.8 5 11.68 5.6 11.39 6.7 11.58 6.7 12.49 6.3 6 12.99 5.6 12.18 6.6 12.92 6.7 13.52 6.3 7 14.48 5.6 14.56 6.5 14.16 6.9 14.21 6.3 8 15.56 5.5 14.66 6.5 14.04 6.9 15.32 6.6 9 16.51 5.8 15.55 6.6 14.18 6.8 15.44 6.6 12 18.17 5.5 17.24 6.6 16.57 6.7 21.09 6.5 24 22.14 5.6 22.31 6.6 23.30 6.7 24.14 6.5 24 22.45 5.6 22.16 6.6 23.30 6.6 24.05 6.4 30 25.67 5.6 25.06 6.6 23.76 7.0 25.30 6.3 36 27.10 5.7 26.42 6.8 26.17 6.7 25.82 7.0 Av. 1st. 6 hrs. 5.55 6.42 6.68 6.40 Av. 1st. 12 hrs. 5.57 6.47 6.74 6.44 Av. last 24 hrs. 5.62 6.65 6.75 6.55 36 37 36 37 3841 4143 3943 3739 42 38 404332404343 394231 4042423939 343741414144 39 40 43 443636 4139 36363539 3944 4039 4139353434 Absorption of water, average germination time and final count as influenced by desinfectants at 15Â°.



??? Time ofsoakingin hrs. HJ3 0.1% CuSO^ 2% CuSOi 0.25%Uspulun I II III IV O H?œ O s? H dlt; O Hd O ??T ^ Hd 1 8.46 3.0 7.97 3.9 _ _ 7.33 3.3 40 39 â€” 45 2 11.42 2.9 10.77 3.4 10.34 3.8 10.01 3.3 44 44 42 45 3 13.54 3.1 11.53 3.7 12.52 3.8 12.54 3.6 45 45 44 40 4 14.03 2.9 13.67 3.7 13.83 3.6 14.00 3.5 43 45 41 47 5 16.16 3.0 14.25 3.7 15.29 3.8 14.68 3.4 43 45 42 45 6 17.25 3.3 16.65 3.8 15.25 3.5 16.63 3.5 42 41 46 46 7 17.94 3.1 18.16 3.7 17.27 3.5 17.20 3.5 45 41 42 47 8 19.01 3.1 18.03 3.7 17.28 3.6 17.91 3.5 44 40 47 42 9 20.51 3.1 20.08 3.7 19.51 3.7 18.86 3.8 41 43 41 47 12 21.57 3.2 21.35 3.9 20.38 3.7 22.19 3.8 44 40 45 41 18 24.35 3.3 27.46 4.2 24.79 3.8 24.95 3.9 44 40 40 43 24 27.26 3.4 28.06 4.2 26.01 3.7 28.13 3.9 43 40 43 43 30 28.88 3.4 29.53 4.0 28.70 4.0 28.11 4.0 45 42 42 46 36 30.53 3.8 29.88 4.2 28.89 4.1 31.02 4.6 41 43 42 36 Av. 1st 6hrs. 3.03 3.70 3.74 3.43 Av. 1st 12hrs. 3.07 3.72 3.69 3.52 Av. last24 hrs. 3.48 4.15 3.90 4.10 Absorption of water, average germination time and final count as influenced by desinfectants at 20Â°.



??? Time ofsoakingin hrs. H^O 0.1% CuSOi 2% CuSOi 0.25%Uspulun I II III IV O ^ H?œ O tlT vO o^ H?œ o H?–lt;i O ^ 1 H6 1 8.69 2.4 6.83 3.2 _ _ 7.43 2.9 45 45 _ 44 2 10.18 2.3 8.74 2.7 8.60 3.2 10.23 2.7 47 49 48 46 3 13.64 2.3 11.14 2.7 11.26 2.8 13.04 2.9 46 45 47 45 4 14.45 2.3 13.71 2.7 13.72 2.8 16.43 2.2 48 48 47 41 6 17.70 2.4 14.97 2.8 14.95 2.6 17.67 2.4 47 46 45 46 6 17.66 2.3 16.00 2.8 16.00 2.7 18.04 2.1 48 48 42 49 7 18.35 2.3 18.37 2.8 18.58 2.6 20.82 2.3 46 47 44 45 8 18.96 2.3 18.60 2.8 18.32 2.7 20.62 2.4 49 46 44 44 9 20.90 2.3 19.62 2.7 20.16 2.7 22.31 2.3 48 48 46 47 12 21.82 2.3 22.15 2.6 22.51 2.5 25.41 2.2 49 48 44 42 18 27.28 2.3 27.27 2.6 27.78 2.6 28.00 2.3 46 44 48 46 24 28.76 2.3 28.88 2.9 30.02 2.6 29.87 2.6 48 47 45 44 30 28.56 3.0 30.97 2.9 31.60 2.7 30.23 3.0 47 46 46 47 36 31.27 3.0 31.52 3.0 â€” 3.1 32.43 3.1 46 46 46 46 Av. 1st 6hrs. 2.33 2.82 2.82 2.53 Av. 1st 12hrs. 2.32 2.78 2.73 2.44 Av. last24 hrs. 2.65 2.85 2.75 2.75 Absorption of water, average germination time and final count as influenced by desinfectants at 25Â°.



??? Time ofsoakingin hrs. H^O 0.1% CuSOt 2%, CuSOt 0.25%Uspulun I II III IV O â– vP H dlt;lt; O ^ H?œ O H6 ^ H6lt;i 1 10.38 1.7 8.97 2.1 _ _ 7.55 2.1 43 45 _ 47 2 12.72 1.7 10.82 2.0 10.57 2.0 10.09 2.1 48 48 47 47 3 14.47 1.7 12.80 1.8 14.08 1.9 11.93 2.0 48 45 48 42 4 17.34 1.8 16.36 1.8 15.68 1.9 17.48 2.0 49 47 46 49 5 19.24 1.6 18.04 1.8 16.34 1.9 19.52 2.0 46 46 48 47 6 19.00 1.7 19.46 1.8 20.93 1.9 21.87 2.0 46 46 48 45 7 21.52 1.8 20.07 2.0 21.27 1.8 23.20 2.0 47 48 44 47 8 23.27 1.9 21.84 2.0 22.29 2.1 25.03 2.0 40 48 46 4a 9 23.53 1.9 22.98 2.0 23.14 2.0 24.12 1.9 47 48 44 48. 12 26.90 1.9 27.07 2.0 25.31 2.1 26.38 2.0 48 46 48 47 18 27.66 2.0 29.68 2.1 28.54 2.1 30.10 2.0 46 48 47 42 24 29.68 2.1 30.50 2.1 30.06 2.1 31.64 2.0 47 48 49 45 30 29.91 2.1 30.51 2.0 32.26 2.0 31.74 2.2 45 46 46 46 36 32.75 2.4 32.16 2.2 31.86 2.2 32.09 2.4 48 48 45 45 Av. 1st 6hrs. 1.70 1.88 2.03 1.92 Av. 1st 12hrs. 2.01 1.77 1.93 1.96 Av. last 24hrs. 2.15 2.10 2.15 2.10 Absorption of water, average germination time and final count as influenced by desinfectants at 30Â°.



??? Time of H^O 0.1% CmSOj 2% CuSO^ 0.25%Uspulun 1 soakingin hrs. amp; Hdlt;i O tqquot; Hd O lt;m tu Hd O im Hdlt;5 I II III IV 1 11.82 1.7 9.51 2.3 _ _ 7.85 2.0 46 46 _ 46 2 15.33 1.8 13.17 1.8 11.75 2.5 16.22 1.8 45 46 45 45 3 17.82 1.7 15.42 2.4 14.58 2.4 16.48 2.1 50 46 47 46 4 21.67 1.8 18.55 2.2 18.74 2.3 20.76 1.8 43 48 47 44 5 22.75 1.6 20.36 2.0 18.77 2.2 20.23 2.0 50 47 50 47 6 25.29 1.6 23.86 2.1 21.60 2.2 22.94 1.8 43 48 47 50 7 25.08 1.8 23.05 2.0 22.39 1.9 24.54 2.0 45 46 44 46 8 25.74 1.7 24.75 1.9 25.60 2.0 26.22 2.0 46 46 40 40 9 25.73 1.9 26.60 1.9 26.11 1.9 25.29 2.0 48 46 44 42 12 29.37 1.8 32.39 1.9 28.35 2.0 28.81 2.0 46 47 39 39 18 30.66 2.0 30.64 2.2 30.20 2.1 30.37 2.2 42 41 43 38 24 31.52 2.1 31.50 2.1 32.11 2.2 31.71 2.4 45 45 43 41 30 32.18 2.5 31.82 2.3 32.56 2.5 30.01 2.9 43 41 44 28 36 33.48 3.0 33.26 2.9 34.35 2.8 31.97 3.0 41 46 39 22 Av. 1st 6 hrs. 1.70 2.13 2.32 1.92 Av. 1st 12hrs. 1.74 2.05 2.16 1.95 Av. last 24hrs. 2.40 2.38 2.40 2.63 Absorption of water, average germination time and final count as influenced by germination at 35Â°.



??? Time ofsoakingin hrs. Hfi 0.1% CuSO^ 2% CuSO^ 0.25%Uspulun I II III IV O tiT H6lt;5 O Hd Hd O Hdlt;i 1 13.04 1.9 12.26 1.7 _ _ 10,47 2.1 45 46 â€” 47 2 17.06 1.9 16.58 1.9 15.45 2.3 15.80 2.3 47 44 45 46 3 20.92 2.2 19.69 2.0 19.54 2.3 20.56 2.0 46 44 45 45 4 24.21 1.9 22.95 2.0 21.43 2.1 24.11 2.0 47 40 44 41 5 25.67 1.9 25.37 1.9 24.13 2.0 25.40 2.2 47 44 44 47 6 25.77 2.1 27.04 2.1 24.45 2.0 26.30 2.0 45 45 46 49 7 27.04 2.0 27.43 2.0 27.03 2.0 27.93 2.1 43 46 46 42 8 27.26 2.1 26.01 2.3 27.79 2.1 31.06 2.2 47 43 42 41 9 29.63 2.1 28.99 2.1 29.00 2.1 29.88 2.2 43 45 40 40 12 30.92 2.2 30.34 2.2 30.02 2.2 31.65 2.5 45 42 40 39 24 33.60 2.4 34.45 2.6 33.45 2.5 33.58 2.8 43 43 28 27 24 33.63 2.4 33.69 2.4 33.42 2.4 34.01 2.8 38 43 40 13 30 34.06 2.9 34.49 3.0 34.06 3.2 35.42 3.5 40 42 37 8 36 35.02 3.2 34.13 3.2 30.77 3.1 35.42 3.3 38 40 35 7 Av. 1st 6hrs. 1.98 1.93 2.14 2.10 Av. 1st 12hrs. 2.03 2.02 2.12 2.16 Av. last 24hrs. 2.83 2.90 2.92 3.20 Absorption of water, average germination time and final count as influenced by desinfectants at 40Â°.



??? Hrs. Hgp 0.1% CuSO^ 2% CuSOt 0.25%Uspulun 2 21.90 20.05 18.14 14.13 4 27.75 25.73 26.01 23.60 6 29.61 28.91 27.89 28.14 8 31.26 30.89 30.53 30.11 10 32.73 32.73 31.09 32.08 24 36.29 37.06 36.14 37.32 30 36.23 36.79 37.08 37.66 36 37.05 36.42 36.62 38.16 Absorption of water from different solutions at 45Â°. No germination took place. Before considering these data, however, we have to know themean error of the material. The figures of Table I give a meangermination value of 100 Â? 1.1, the mean error does scarcelyexceed one per cent. The germination values are calculated andtabulated for the main experiments, in the same manner asthe average germination times of table VIII have been calcu-lated, and are presented in Table XIX. The values have been calculated to the basis of 1 to 6 hourssteeping in water at 35Â°. The values obtained at 15Â° have not been included in thetable, since the desinfected seeds develop at a much slowerrate than the controls and do not require any further discus-sion. Considering the mean error of the material nothing pointsto a

favourable stimulating effect. Furthermore these figuresshow that the effect of coppersulphate about equals that ofUspulun, so that there is httle preference to be made for theone or other desinfectant. Both have a decidedly depressinginfluence on the germination process. Very little distinction can be made between the values ofthe controls at 30Â° and 35Â°, except that prolonged steeping at



??? Temp. water 0.1%CuSOi 2% CuSO^ 0.25%Uspulun 20 52 43 42 48 1â€” 6 hrs. soaking 52 42 43 47 1â€”12 hrs. 46 37 39 46 12â€”36 hrs. 25 74 61 60 66 1â€” 6 hrs. 75 62 61 68 1â€”12 hrs. 65 59 62 62 12â€”36 hrs. 30 101 90 91 84 1â€” 6 hrs. 96 89 87 85 1â€”12 hrs. 80 83 83 76 12â€”36 hrs. 35 100 81 76 88 1â€” 6 hrs. 98 84 76 84 1â€”12 hrs. 66 67 65 45 12â€”36 hrs. 40 86 84 77 80 1â€” 6 hrs. 83 80 76 74 1â€”12 hrs. 52 53 44 16 12â€”36 hrs. the higher temperature depresses the germination value. Thisis a regular occurrence, but most striking at high tempera-tures. The values for 1 to 6-, and for 1 to 12 hours soaking arepractically identical. While Table XI showed that a onehour's period of soaking may be considered more advantageous,the desinfection of the seed is frequently not completed withinsuch a short period. The notes made during the course of theexperiments support this. At 15Â° the controls showed, after 3 days, 16 per cent of thetotal number of seeds to be infected with Helminthosporium,and one seed infected with Fusarium. Those treated with

0.1per cent coppersulphate showed only 1 per cent infected. Ashght increase in the number of infected seeds was observedduring the foUowing days, in the first case by 1 per cent, inthe second 1/2 per cent. One infected seed only was found inthe series treated with 2 per cent coppersulphate, in the Uspulunseries nearly 8 per cent were infected, and these seeds had allbeen treated less than 6 hours. At 20Â° the infections were counted after 48 hours. At thattime only 6 per cent were infected in the controls, but this



??? number increased to about 8 per cent during the next 24 hours.Of the seeds treated with 0.1 per cent coppersulphate only 1per cent became infected, all when treated less than 6 hours;2 per cent coppersulphate caused complete sterilisation; Uspulunagain required about 6 hours before desinfection was completed. At 25Â° the conditions for the development of the seed becamemuch better, while those for the infection had gone backwards.The required times to bring about desinfection are reduced andno fungi were noticeable on seeds which had been desinfectedlonger than 4 hours. At 30Â° infection of the controls was visible here and thereafter 24 hours. In the one sample, steeped in water for 1 houronly, infection was rather severe, in all others the seedhngsoutgrew the fungus. On some treated seeds Helminthosponum developed, but notuntil another 24 hours later. The total percentage of infectedseed, in all series together, did not exceed % per cent, andagain the 2 per cent coppersulphate was free from infection. At 35Â° hardly any fungi did develop. The desinfected seedsshowed

none at all. Some of the seeds of the american varietieswere killed by heat as was concluded from the appearance ofdroplets on the surface, in particular the seeds of the varietyDwarf Hegari appeared to be injured. Some of the seedlings ofthis variety showed rootlets with injured tips. This injury re-sembled that caused by 0.1 per cent coppersulphate and byUspulun, the tips of the radicles were black. Adventitious rootsappeared very soon and a complete seedling emerged well within24 hours later. In the desinfected seeds several showed pronoun-ced signs of root-injury, though here as well the injury was ofpassing nature. At 40Â° the two american varieties were perfectly free frominfection, but nearly killed by heat. All the seeds that did notdevelop showed droplets. Klerksdorp had practically no infec-tions at all, the influence of the temperature was noticed bythe curling of the roots, in particular of those seeds which hadbeen treated with Uspulun. 2 per cent coppersulphate and themore dilute concentration also caused root-injury and root-cur-ling but not to the same extent.



??? From these data no deduction can be arrived at which wouldsupport the opinion that seed desinfection causes stimulation.In all cases the desinfected seeds show a retarded development,the degree of retardation being about the same for the three different treatments. The toxic action of coppersulphate does not increase with arise in temperature in my experiments, Uspulun, however, hasa pronounced toxic effect when the seeds are steeped for periodslonger than 12 hours. This effect might perhaps be ascribed todecomposition of the mercury-compound at high temperatures,as a result of which inorganic mercury salts pass into solutionand injure the germs. Coppersulphate is not influenced by achange in temperature and an increase of the toxic effect ofcoppersulphate could be associated only with a direct influenceof this salt on the radicles of the germinating embryos. Observations have shown that generally those seeds whichare either dead or show a low viability are infected with Hel-minthosporium and succumb to the infection. In desinfectedsamples the percentage

of seeds which might have been conside-red vitally injured by the treatment corresponds with that ofthe seriously infected seeds of the controls. The amount ofdamage, as a result of desinfection, closely corresponds with thepercentage of seeds with low \iability. Injury can hardly be prevented when a desinfectant solutionis apphed. If such a solution has any killing effect on the sporesof micro-organisms, it must be a potential danger to the em-bryos. If desinfection leads to selection of the material, thisshould not be considered a disadvantage. In agricultural practicethis will be preferable to an infected crop. While the apphcation of mercury compounds wiU have tobe preceded in tropical and sub-tropical countries by a deter-mination of the dosis toxica and of the dosis curativa of thesesubstances, the simpler inorganic salts do not require these tests to the same degree. The results of the experiments described here show, that thepracticability of the apphcation of coppersulphate should obtainfurther attention.



??? SUMMARY. 1.nbsp;Three varieties of Andropogon sorghum Brot. have been usedfor the investigations: Klerksdorp Kort Rooi, from SouthAfrica, and Dwarf Hegari and Dwarf Yellow Milo, from theUnited States. Of these the first one was employed in themajor number of experiments. 2.nbsp;The swelling of seeds at different temperatures has beenobserved. The swelling maximum was found to be dependenton the temperature. Ground-up seeds, meal, showed asimilar phenomenon. 3.nbsp;The principal factors controlling the swelling process havebeen analysed: the rate of permeability of the testa is alimiting factor in this process, while the degree of permea-bility is influenced by the temperature, 4.nbsp;The temperature ratios of the sweUing process have beenindicated to be determined by the degree of saturation ofthe material. 5.nbsp;The germination rate has been observed to be inhibited bya period of presoaking of more than 12 hours, shorter periodsof presoaking causing no principal differences. 6.nbsp;The optimum temperatures for germination have beenfound to differ in the three

varieties. 7.nbsp;Abnormal root development in the seedlings has been obser-ved and interpreted as a symptom of a sUght degree of rootinjury; the causal factors in these experiments were theinfluence of heat and of desinfecting solutions. 8.nbsp;The appUcation of desinfecting solutions, coppersulphate:0.1 per cent and 2 per cent and Uspulun: 0.25 per cent, didnot increase the germination value of the samples whichwere tested; no stimulation could be noticed. 9.nbsp;The temperature has no influence on the degree of toxicityof a 0.1 per cent coppersulphate solution; the dosis toxicaof Uspulun decreases at higher temperatures.



??? 10 A remarkable effect of 0.1 per cent coppersulphate at 45Â°quot; has been observed (page ), for which a tentative expla-nation is offered. The study of the behaviour of ground-up seeds in the presenceof solutions of electrolytes offers scope for further investiga- *'Â°amp;^eUing and germination are linked processes. To determinethe moment at which germination commences, it is suggestedthat this may be effected by exposing the seeds, after differentperiods of presoaking, for a short time, to a high teiin^)eratureof about 55Â°; seeds which are germinating will then be killed,those which have not yet started growth wiU survive. I want to express my sincere appreciation of the hospitaUtyextended to me at the Botanical Institute of the Universityto Prof. Dr. F. A. F. C. Went and Prof. Dr. V. J. Konings-berger, as successive Directors of the Institute.
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??? STELLINGEN. Het temperatuurquotient, Q^t^, is, bij processen van water-opname en afgifte, afhankelijk van de graad van verzadigingmet water. Bij alle proeven over Q^q's dient men zich hiervanrekenschap te geven. II Het is onmogelijk in de voedingsphysiologie der planten teonderscheiden tusschen voedingsstof en prikkelstof. III Er is geen reden om aan te nemen dat kopersulfaat in hetbijzonder beschadiging van zaden tijdens het beitsen veroorzaakt. IV De proeven van Waldron laten niet toe te besluiten dat eentoename van het 1000 korrel gewicht aUeen aan Helminthospo-rium-infectie wordt toegeschreven. J. Agr. Res. 48, 1934. V De proefopstelling van Sumner, om het bestaan van be-schuttende kleuren te bewijzen, is foutief. Proc. N. A. S. 20, 1934. J. W. Pont



???



??? De proeven van Sierp maken waarschijnlijk dat de bewegingvan huidmondjes aan een photochemisch proces is toe teschrijven. Flora, N. F. 28. 1933. VII De onderzoekingen van James wijzen er op dat het geenszinszeker is dat de sapstroom bij worteldruk door de houtvatenplaats vindt. ^nbsp;New Phyt. 32, 1933. VIII Het bestaan van â€žmitogenetischequot; stralen is nog niet vol-doende bewezen. IX De samenstelling van de Flora capensis en die van de ZuidAfrikaansche flora in het algemeen wijzen op een migratie inzuidelijke richting onder invloed van klimaatsverandering. X De omgrenzing van de fam??ies Liliaceae en Amaryllidaceaevan Hutchinson verdient aanbeveling.



??? A 5 1 â€?liytel??li??Ki 3lt;??d tsd'ss. V â€? ie ..... ^r'gr.s^f vt â€ž t tft.-.. â–  . - r IMTJquot;nbsp;iirq??ftr; '?ŽSQg?Ž?Ž.?ŽSDrjJ ^nbsp;inbsp;jfnbsp;ami â– ^rJSrff-^ Â?T 'M -v s



??? l 1'M â–  'nbsp;y r ?Žnbsp;if 1 . ^^



??? --y:-quot;P-'-i â–  ,â€ž4 ; - ! ?Ž' V M- quot; t , quot;y- Â? , squot;'



??? fc- ^ . ^ - ^ . gt; -Â?AnÂ?; A. - - quot; -â€ži'-v '



??? ??lXI

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

