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EXPMPTM'£T7q TV C"ANTIC, THENATUHE OF WHEAT THROUOH VEGETATIVE
HYBRIDIZATION

T- this renort we describe some of our experiments in vegetative
hvbr'-izatin of wheat conducted in the years 1940-1942. We concentrated on the
transnlantion of embryos of the seed of certain varieties upon the endosperm of
other varieties and species of plants. Here are the results of the transplantation
of embryos of wheat onto the endosperm of rice.

The choice of the embryo seed for a scion wa7 baýed, first of all, on the fact
that the embryo--the younger phase of plant life--is more easily influenced by
external factors. It has been established ihat the embryo seed can develop not
only on itr own endosperm but also on a strange one.

The seed of wheat of Erytrospermum 0841 and Melianopus 069 were selected for
the expe'imertal work. The seed of rice of the Karatal'skii 8679 varibty was

selected for the stock (endosperm). After causing a slight swelling In all
exoerimental seed, their embryos were cut off together with a small part of the
endosperm (to avoid injuring the embryo). The wheat embryos were pasted with
wheat dough to the emdosperm of rice on which the small area obtained after
rernoviTr the enbbryo expanded a little. The embryos grew firmly onto the rice
endosrerm. The total number of Prafts made was 100.

The ;,rain of wheat thus prehared were planted at the end of April in paper cups
filled with sand and a slliht admixture of soil. In growing the plants by the
method described, the wheat embryos enjoyed the nutrients derived from the
substances of the rice endosperm.

Almort all of them germirated, but from thence their fates differed.

Most of the sprouts perished early; some of them succeeded in developing one
or two repular leaves and then perished, and only a few speciment developed to

the point of the formation of generative organs. Some sprouts may have perished
as a result of insufficient nutrition due to the loss of contact between the embryo
and endosperm.

Up to the phase of heading there were left 16 specimens of wheat. A few of
them formed branches, but most of them produced only one stem. Many stems formed
spikes wh;ch fluctuated in length from 1 to 10 cm. (begin p. 49) The spikelets of
all spikes had scales of spikelets and buds, but the stamen and the pistils were
absent from most of the bud. Although in fourteen out of sixteen plants the
snikelet bud scales were well formed, they began early to turn brown and to fall

ofr, so that nothir' but the core was left of the spike. Only one plant of the
ErY ntospermum variety (fig. I) and one plant of the Melianopus varietyproduced
one spike with kernels each. Fifteen kernels were found in the spike of the first
nlant ard in the spike of the second plant--8 kernels. The grains in both spikes
we-o, zenlrally verv small and shrivelled, sometimes a little larger, but there
was not a sBiAPle normal, fully developed grain. The grains in the g'afted
Ervthrospermum were considerably whiter as compared with the original form.
The only Erythrospermum spike vhich produced grains was distinguished bu a strong
pubescene of the spike and flower scall, by porosity, by a large number of flowers

in the spike--up to 11, counting the poorly develpped and sterile flowers. Another
spike of the same specimen dimintefrated completely.
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The fruit-bearing specimen of Melianopus (fig. 2) produced 3 spikes.

Fig. 1- Left -- Orlinal form of Erythrospermum 08h1.
Rignt-- Grafted plant (Photo of 194O).

Fie. 2 - Grafted plant of wheat; Melianopus 069 onto the endospe m of rice.

One grain-bearirn spike had abnormally curved a.,,ns and a more porous structure than
is normal. (tiegin p. 50) The number of flowers in thespike came to 9, but only
b were fertile. &another spike, also abnormally porous, had no awns, was sterile
and sooe disinterrated; a third spike -- compact, somewhat club-shaped, withont
awns and sterile.

Such were the hybrid plants of the wheat obtaired in 194O.

To demonstrate the diversity of the plants grown form the seed obtained by
vegetative hybridizac. on, I shall describe the results of the crop from the seed
harvested in 1940. As indicated above, only 2 spikes of two plants produced seed;
the plant of Melianopus Wheat yielded 8 grains, and the plant of Erythrospe-mum
wheat --- 15 grains.

These grains were sown in a greenhouse on April 21, 1941. In the case of
Melianopus all eight grains germinated, in the case of Erythrospermum only ten.
On April 30 the plants were transplanted in the field. On the Melianopus plants
2 specimens reached the stage of seed formation, of the Erythrospermum plants --
7 specimens.

?he rest of the plants dried up and perished at certain stages of their
development, or they produced sterile spikes. Harvesting of the plants was carried
out on July 31, which means that vegetative period lasted exactly 102 days.

I shall describe briefly some of the vepetative hybrids derived from
Ervthrosermum and rice. Plan No. 1, first generation (fig. 3). Height of the plant
nR cm, length of spike -- 15 cm. Two spikelets are perched side by side at the
bottom nf the second, third and fourth rachises each; in addition to these three
tvin spikelets there are also 19 single spikelets. The total number of spikelets

in the spike is 25 (including the three pairs of twine); grains -- 106. Qualita-
tively all grains are satisfactory, they are white of pibment and barrel-shaped in
f orm.

Plant No. 2 (fig.h) reached the height of 82 cm including the spike. The spike
contained 22 rachises. There were two spikelets on each -- the first, second, fourth,
fifth, sixth, seve-1th and eighth rachies; on the remaining fifteen rachises there
.'a one on each.. The number of grains in the twin spikelet ranved from one to five,
in the upper six -- nor*.
(several words deleted) The 77 grains found in the spiked described were ýoorly
developed, thin and of white pigment.

Plant no. 3 had especially large leave; th, blades of the upper left -- 30
cm long and 1.8 cm wide (at th, part where the width is broadest), The blade of
the leaf is thick and has sharply protuding veins. In the one and only spike, twin
sterile spikelets were found underneath th- second and fourth rachises.
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Thn first ard third sinple spikelet are likewise sterile. In the rest of the
snikelets; four grains each (I spikelet), 3 grains each (3 spikelets), 2 prains each
(6 snikelets) and one prain each (8 spikelets); total number of rrains in the spike
-- 33. The grains were full, large grains, but there were also small and poorly
developed Frains. Color and the form were the same as in the preceding ones.

A now characteristic which appeared in this generation is the distribution of
twin spikelets on some of the rachises in a mumber of spikes. This characteristic
was found in the propeny in the same incidence through the year 1946.

In 19O4 rew prafts were made. The embryos or wheat were grafted onto the
erdosperm of Karatal'sk rice; Tsezium 0111, Erythrospermum 03 1i1, Melianopus 169
and fordeiforme W)I9. Altopether there were 400 rrartirps. The seeding w'.s
carried out on Anril 29.

On May lh, some plants with two leaves each were removed from the soil for
insnect on. Acvme coild be clearly ovserved in the wheat embryo while it was in

the g round. The nart of its own endosperm which adjoins the cyme, left there
when the ope-ation was performed was comnletely absorbed; (begin p. 51) it had left
on the cyime cavities and depressions e reserves of nutrients. Nothing was
left of the rice endosperm except the memrra4 ; the wheat embryo had used up all
the substances 6f the rice endosperm.

Fig. 3 -- First gereration of hybrid wheat Erythrospermum grafted onto rice.

Fie.4 -- First generation of hybrid wheat Erythrospermum grafted onto rice

Only 16 plants .eached th" phase of fruiting, and, in addition, three plants
developed with sterile spikes. Partly sterile spikes wore found in fertile specimenbj

for instance; a spike of Erythrospermum 0341 had a total of 14 spikelets, yet ohly
5 of these yielded 6 grains.

In hybrid plants of wheat emerged properties which are alsent in the ordinary
plants of the original varieties. These new properties are unequally distributed
not only among separate specimens, but also within the bounds of a single branch
and even a single spike. I shall cite examples of certain variations.

For instance, in one specimen of Gordeiforme the upper internode bearing the
spike is 8 cm long; it ends with a spike 4.5 ir length; both, theiinternode and

the spike.-ere confined ih a strong sheath 18 cmtlong. The spike, markedly bent,,
nartlv crumbled and sterile, emerged together with the internode that bears it

not through the opening of the sheath apex, but through an opening in the side wall
of the sheath. In another specimen of the Gordeiforme the spike came out only
halfways and was ste-ile. There are perfectly shaped spikes which look normal, but
are sterile,

Alonpside of the plants that yielded 6, 11 and 20 Krains, there are spikes which
produced 7< grains in 15 spikelets, 78 grains in 18 spikelete etc. At times, the
kernels were very fine, thin and poorly developed, at times -- large and well filled
out.

The kernels in the wheat referred te above as Erythrospermum 03bl, were distri-
buted in the spike as followas in the first, fourth, eighth and ninth spikelete --
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one grairn ,ach, ir the severth -- two rrains, the the remaininp nine spikelets no
Prains whil'ver. Ipikelets with a varyinp number of flowers, yp to eleven were

found in some hybrids. The number of grains in the spikelets was just as varied
-- from zero to seven.

Awns are subject to strong variation. In some Gordeiforme spikes the awr-
are verv lorr, (up to ?3 cm), curved, and, at the top, strongly diverge in different
directions -- the space between the tips of th' awns measures 22 cm. In other
Gordeiforr.p plants the awns project straipht upward and rise above the spike only

5 cm. Finally, there waF a plant with practically no awns on the spike; only in
two spikelets the flowerr had awns up to 4 cm in length, but in the rest of the

flowers the scales taper off either with awns up to Imm, or into a sharp point.
The awns in experimental plants of Melianopus wheat are also extremely varied as
to length and pigment (from black color to white), they are of a different length

and color even in ore and the same spike, and even the same awn is differently
colored in different parts.

An interesting phenomonon is the branching out of the stem. Branchinr was
observed in experimental plants of two varieties: Melianopus and Gordeiforme.
For instance, in Melianopus 069 (fig. 5) a sidl.shoot emerges from the axil of the
third leaf; the stem is 4 cm long; it has at i'e: tip a spike 2.3 cm long, and
includirg the awns -- 13 cm long. The spike boars a epikelet with eleven sterile
flowers. On the same plant, a sedentary spike, 2 cm long and 1.8 cm wide at the
uoper and broadest-part, emerged from the awil of th? fourth leaf. The sirle

spikelet had 7 flowers with awns up to 7.5 cm; the spikelet yielded two good and
one sickly grain. The top spike of this plant (length 5 cm, and with awn -- 13.5 cn)
is found on the upper internode, 4 cm long. The awns are yellow-green at the base,
yet at the central and upper parts they are slightly gray-brown to brown and even
entirely black (different awns are differently cbloedd). Long awns are found only

in the lower flowers, the rest have either nine or some that do not exceed 7 Mm.
A spike that has 19 spikelets; one Q them had seven flowers and yielded 5 grains.
The rest of the spikelets were sterile.

Out of ten plants, Gordeiforme produced bhree plants with ramose stems. One of
these plants is constructed as follows: from the axil of the third loaf emerges
a stem with two internodes: the first -- 3 cm long, and the second -- 1.77cm. The
latter ends wiUb a spike 3 ci long, with the awns 10 cm. The spike produced 8
small but ful' grains. From the leaf a~il of this axillary shoot another stem graw
cut -- 2 mm long -- and ended with a spike 1.8 ca long and with the awns 5 cm long.
This spike produced six grains. The top spike yielked II shrivelled poor grains.

From three spikes of one stem a tot-l of 25 kernels were harvested.

In another plant of Gordelforme 0189 (fig.6), the lower spikelet of the top
spike laps 3 cm behidd the others; the length of the rest of the spike is 6 cm.

The longest awns are those at the top, up to 4.0 cm; in the milile part they
are considerably shorter, and th' lower spikes hawerno awns. The spike- yielded
19 prains. From the leaf aril a stem grw out erding with a 6 cm lonr spike.

The spike had 15 spikelets which contained 48 grains. The largest number of grain
in a spikelet was five; the length of the grains fluctuated from h.5 to 8 mm. '1he
longest awns were in the middle part of the soike; the spikelets at the top and
at the bottom had no awns whatever.

Fit. 5 - Plant of the Melianopus 069 variety grafted onto the endosperm of rice.
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Fir. 6 -- PP1.rt -f the Gordelforme 0189 variety prafted onto the endosperm of rice.

Amonp p'ants with non-ramose stems were found spikes which contained more than
70 kerrels. Many spikelets of the same nlants contained an inercased number of
flowers anr Prairs.

All s ed of the 1941 crop were sown in the field on May 11, 1942. The sowing
was carried out with a spacing of 65 K 35 cm. The plants were harvested on August
29.

An analysic of the first generation of wheat plants, spikes and apikelets of
Erytnrospe-rmtn 0841 prori'ced a preat variety. Regardless of the fact that

Ervthrospermu• has long awns, allthe hybrid plants of 19VA2 were nearly awnlesr;
awns were ford1d only in five-six upper spikelets, yet not in all of th m and their
lerpth dis not excerd 1.5 cm. The mumber of spikelets in the spikes fluctuated
sharply; from eiFht to twenty-five. The same in the preceding year, twin spikelets
were fond on some spikes, i.e. not one, as is customary; but two and sometines
even three spikelets were located on one racois. The number of these twins fluctuated
ltetwepn one and eleven (there was one spike on which 11 twins and h single spikelets
were perched on fifteen rachises). More oftent han not thes twin spikelets were
sterile. The spikelet and fbmwer scales were strongly depres'ed.

hpe rumbe- of flowers in the spik'let also varied. There were smikelets with
three flow-rs, vet spikelets with eight flowers w ere also encountered. There
were st erlle spikes with but tow-three grains, yet there were also spikes cortainirg
more than fifty srains (the larrest number was 85 grains, and in a spikelet - 7
vrair'-).

The Drorenev of whear Prafted in 19h1 was marked by the absence of ramose forms.
Productive bushines- was varied; thF number of stems with reproducing spikes
fluctuated Ir individual plants between 1 ans six; yet comemitantly, entirely sterile
snikes were found in the very same shrubs. There were also plants which has sterile
snikes only.

The number of ke-nels ir different spikes is also quite varied; variations
were observed also in the dimensions ans in other properties of the kernels.
Much variation was observed in the awns.

Tt should be noted that culture of the seed of Ery-throspe maum 08 41, first
obtained in 19hO by growing its embryo on the rice endosnerm, was continued annually
throu-h lih6. Many variations survived seven generations. Figure 7 shows the
multiformity of spikes obtained in the sixth generation (1946).

First of all, one notes the corsoicuous absence of awns which, in the original
form of Ervthrospe-mim 084l, were twice as long as the spike. The spikes of
hybrids are ronsiderably longer than the spikes of the original form grown, for
comoarative reasons, under identical external conditions. Thus, the spikes of
the orivinal form are most frequently 8-9 cm long, vet the averaqe length of the
.n.Ike of a w fetative hybrid is 11-13 ex. In structure the spikes are dissimilar;
there are PDles with twin spikelcts, i.e. two smuikelets (occasionally even three
snikeletsa are perched on one rachis. At times the spikelets are multiflorous

and yvield but 2-3 grains; seer from the face, the first are considerably wider
than the latter.

The svikelet and flower scales are thckly furred, this characteristic is less
nronouned ir the flowers at the top of the xpikelmt. 'he Vernels are elosely



e-caped Jr the flower scales and do not spill.

Bi- differenro- are observed Ir the kerrels. In the original form they are
red, cen arriti•.•v thin antd lon. Hybrid kernelm Pre white with a slipht
vell wish hue, shnrtered and thicker (fir. A). Eaiial amourt; of the larrest
kerrels of both for-s were used for dimensioral comparison; the length of
kernels from th origiral form equalled 8.3 mm, and the width-- 3.3 mm; In the
hvbrid fo m the -orrerpondirg sizes were: 7.3 mm and 3.8 mm. The maximum
length of thc kerrels of the ori£inal form -- 9 mm, maximum width -- 3.5 mm;
the correspordirg sizes in the hybrid form; 8 mm and 4.5 mm. Therefore the
weight of th selected largest seeds of both forms of wheat is fairly close:
1000 rrains of the original form weigh 51 grams, of the hybrid -- 55 grams.

Fig. 7 -- Variation in the form of spiWes of the vegetative hybrid Erythrospermum
"M4-Fx rice in th sixth generation (1946)

If the form ard structure of the spike do not as yet represert stable
characteristics (multiflorous and multi-grain spikelets, the presence of twin
spikelets or-the rachis), then the form of the endosperm, are extremely varied
and extend to th generative organs as well as to the vegetative ones, while
they become fixed in the seed offsprinp.

Among hybrid plants are found supe-lor, ecoremically valuable forms.
For instarce, plants, th grain of which have the atsslute weight of 47 r,
aroude corsiderable interest. The specimens which yield 5-6 reprodnctive
spikes etc. a-e also valuable. It is our task to secure in the following
generatlors these sure-ior traits of altered plants.

Or the basis of observation of the hybrids obtained, it is possible to draw
certair prelimirary conclusions as to whether those valuable properties which
would be desirable not only to preserve, but also to strengthen ir the new forms,
are taperitr out, or arr progressing while the generations are in the process of
development.

The ove-whelmIng majority of agricultural characteristics, such as spike
formation, high ouality of grain (fulnesi, dimensions), productivity per nlant
amorg the better specimens produce in the offspring higher indicators in comparison
with th parent forms. The amount of grain in the spikelets increases, but the
number 6pikelets in the spike decreases somewhat, hence here is a decrease in
th, amountof grain per spike; but this does not occur in all plants.

I was mentioned above that culture of the progeny of a plant grafted in
1940 continued through the year 1946, and that if firmly retained mary positive
indicators.

Among the hybrid plants obtained are found quite a few shortcomings
(sterility etc.), but there are also many valuable pronerties. Yet of the highest
importance is th' fact that by practicing veretative hybridization it ti possible
to obtairr offspring of the kind of plants in which sexual '"hybridization is im-
possible (rice and wheat). The practice of directed culture and selection of the
best plants for vegetative hybrids will produce economically highly valuable
forms with properties that will sharply differ from those in the initial material.

Fig. 8-- ?op rew --

Kernels of the orlgin'l form of Erythrospermmm 08411 Bottom row
Kernels of the hybrid form of Erythrospervum.



CONCLUSIONS

I. ~Ttroduction into the tissues of an embryo, that is beginning
to de-'eloD, nutritive substances unadapted to its nature, diverts
the course of the developmental processes from the normal and,
as a result, new properties a-e formed in the plant cells; these

propertieN appear in the form of distinguishing morphological
and physiological plant characteristics.

2. Various new characteristics do not appear immediately in
the year the grafting is performed, but they continue to form

and develon in subseouent generations.

3. The :nstability of characteristics, th disappearance of
forwpr ones, appearance of new ones, indicate a mutability,
an Arnconstancy of the inherited nature of vegetative hybrid plants.

Cells and tissues, the generative as well as the somatic,
consist of multiole properties within the limits of a single
plant, a single soike, spikelet, bud.

5. Ir our experiments in addition to the reneral disturbance
of the hereditary properties of wheat, the hybrid plants were
fed sore of the nroperties of rice. We refer to the change in
the color of grain from red tothite, the compactness of flower
scales, reduction of dimensions and color of awns, appearance
of pubescence on the scales of spikelets and flowers, and
some others.
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