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CYTO-GENLETICAL STUIDIES OF THE CROSS BETWEEN THE
SQUASH (CUCURBITA MrAXI3 A4, DUCH.) AND PUMPKIN (¢. rrro L.)

Ha gﬁ}rm :L 5‘

Historical Remarks

The geneticnl relations of the cucurbits have been studied very thor-
oughly by Vavilov (Babeock and Clausen, pp. 435, 1927) who reports that the
genera of Cucurbitaceae differ in the character of their pollen, in ehromosome
number, and In their behavior towards parasites, Over a thousand crosses
were 'K‘“.?’“].m,(i@ between different forms of watermelons, canteloupes, and squashes:
and 1t was Tound that none of these genera would intereross, whereas crosses
between varieties and species within & genus were successful. Sagaret (1826)
and Naudin (1466, 1859) made extensive hybridization studies with some species
belonging to the fumily Cucurbitaceae (Hayes and Garber, 1926). Naudinina
special elagsification made on the basis of genetical behavior placed both pump-
kin and summer squash in C. pepo, and all the forms which cross readily he
placed in tho same species group, Bailey (18 ‘90 as the result of many artifi-
cial pollinations c‘*mwluda that “‘the field pumpkins and the summer and fall
types of bush squashes (¢ pe po) do not ¢ross mth the running squashes of the
FHubbavd, BMarblehead, Boston Morrow, Turban, and Mammoth types (C.
maxime),’  The diploid number of chromosomes for several species of Cucurbi-
tacese has heon T!i‘i‘fiﬁ;”'iﬂ(")\?{"t('“ﬂ by Kozhukhov (1924-1925)., The number was found
to be 40 in two varieties and '%:3 in one variety of C. peso and 48 In C. wmaxima
(Hayes and Gavber, 1926)., Sinnott and his co-workers (1922 a and b, 1927,

1920, 1931) mude careful .»»Ludm in . pepo on the inheritance of the shape and
the ?WM.V color of the fruit and on the inheritance of some other quantitative

characters, Whitaker (1932) wuas successful in obtaining fertile hybrids be-
tween the gourd and pumplkin, both belonging to C. sepe,

Material and Methods

In the spring of 1933, My. 1.. N. Wang of the Bureau of Agriculture and
Forestry of Honan i’mvmm aave the author some hybrid seeds of the cross
between the squash (€, ma w‘rw) and pumpkin (C. pepv) that he had obtained the
previous vear. All the seeds (about 10) failed to germinate, Some ten plants,
however, orew successfully to maturity in Mr. Wang’s own garden, These
plants were obtained by sowing a handful of seeds, the number of which is
unknown. Through the kindness of Mr. Wang, the author was permitted to
make cytological studies of and artificial pollinations with these plants,

In making eytological studies, aceto-carmine smears were tried. Due to
the minuteness of the chromosomes and to the inability of the chromosomes to
take up enough stain, the method was not satisfactory. For cut sections, the
anthers were fixed in either Navashin’s or Allen’s modified Bouin’s solution,
Both gave satisfactory results. The paraffin sections were cut ten microns

*Professor of Plant Breeding, Honan University, Kaifeng
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thick and were stained with Newton’s iodine-gentian-violet stain, The draw-
ings were made with the aid of an Abbe camera lucida. All magnifications

are about 4000 times unless otherwise stated, All drawings were made at
table level,

Description of the F; Plants

Many of the F; seeds failed to germinate. Apparently, they do not
manifest any hybrid vigor. The Fy plants also show no signs of any heterosis.
The most interesting thing that strikes one’s attention is the fact that many
of the anthers of the F; plant do not dehisce at all. Some of them do dehisce
with the liberation of onily a few pollen grains, however. Asa result, repeated
self-pollination is a complete failure. Nevertheless, by using an F; plant as
the female parent and either of the parents as the pollen parent, fruits can be
obtained. Many of the morphological characters of the Fy plants are interme-
diate between those of the two parents, such as the shape of the fruit, the
depth of the grooves on the fruit, the pentagonal ridges of the peduncle, and
the size and shape of the anthers (Plate 2 and Appendix 1).

When the pollen grains of the Iy plant are examined under the micro-
scope, it can be found that most of them (96 per cent) are non-viable. They
also vary tremendously in size, This is a great divergence from the pollen
grains of both parents used (Plate 3 and Appendix 1). The abundance of abor-
tive seeds in the fruits obtained through back-crosses signifies that some dis-
turbance has occurred in the ovules as well. In one of the batehes of seeds
planted, only 11 seedlings from 66 (F; x squash) seeds and, in another case,
only 10 seedlings from 139 (F; x pumpkin) seeds were obtained. Many of the
Fy seeds were empty. Some had no embryo. Others were without cotyledon.
Still others had poorly developed embryo and cotyledon. All these facts point
to the cenclusion that some disturbance had happsned during both miecro - and

Macro-sporogenesis.

Results from Cytological Studies

The haploid number of chromosomes of both the squash and pumpkin is
21 (Plate 4, Figs. 1 and 2). Some of the metaphase figures of meiotic mitosis
in the F; have 21 pairs (Plate 4, Fig. 4). Others, however, have varying
numbers. One has 28 complements (Plate 4, Fig. 3), 12 of which might be
univalents, The diakinetic figures of the hybrid (Plate 4, Figs. 6 and 7) are
found to have many of their chromosomes with a terminal chiasma. A few
show an interstitial chiasma, Only one clear figure of the diplotene stage
in the hybrid plant was observed, and in this figure one pair of chromosomes
had interstitial chiasmata (3 in number). Other chromosome pairs in the
same complex do not seem to show such a close association. On the contrary,
the early diakinetic stages of squash (Plate 4, Figs. 5a and 5b) show no excep-
tion in this respect. All the members of the chromosome pairs show an inter-
:stitial chiasma. [t is unfortunate indeed that, on account of the minuteness
of the chromosomes, the details of chiasma formation are difficult to determine
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and so are left out of the discussion,

From the above observation, two hypotheses can be stated concerning
the behavior of the hybrid chromosomes: 1, Some of the chromosomes coming-
from both parents might pair and form regular chiasmata in early prophase,
but during late prophase and thereafter terminalization might go on more
rapidly in some of the chromosomes than in others, This is especially true for:
the shorter chromosomes. 2. It might be possible, too, that some of the
chromosomes of the two parents have homologous ends only. Thus only ter-
minal chiasmata are formed. It seems that the second hypothesis might be
more correct judging from the observation stated earlier. .However, either of
these hypotheses would explain the cytological findings in the hybrid. With
both terminal-chiasma - and interstitial chiasma-forming chromosomes present
in the hybrid, it Is easy to explain why there is lagging and precocious separa-
tion of the chromosomes in the anaphase stage during meiosis of the hybrid
(Plate 5, Figs. 11, 12, and 13). Chromosomes with terminal chiasmata would
separate much more easily than chromosomes with interstitial chiasmata (Dar-
lington, 1932, p. 111). With precociously separating and lagging chromosomes
we could expect the formation of micronuclei. Indeed, micronuclei are of
frequent occurrence in the dyad stage (Plate 5, Fig. 8) and in the tetrad
stage (Figs. 9 and 10). The second meiotic division is regular, as expected
when the entire chromosome ecomplement is present. Microspores thus obtained
from either a surplus or deficient chromosomal complement are apt to be non-
viable. Many of the young microspores are found to be shriveled, even in the
tetrad stage. Others degenerate later. Some of the chromosomes, however,
do separate regularly (Plate 5, Fig. 13), Four per cent of the pollen grains
were found to be viable., Macrosporogenesis, although not studied, doubtless.
behaves in the same way for many of the seeds obtained by back-crossing are
abortive and non-viable. | |

The chromosome number of three plants in the F. population was deter-
mined. All of them have 21 pairs. The behavior of the chromosomes during
the anaphaise in the meiosis of these plants resembles closely that seen in the
hybrid. We find again precocious separation and lagging of chromosomes.

Results from Genetical Studies

The F» or rather the seeds of the back-cross were germinated in the
petridish and were later transplanted to the flats in the greenhouse. The seeds
obtained by using squash pollen have a much higher percentage of germination
than those obtained by using pumpkin pollen, 16 per cent and 7 per cent res-
pectively. We find plumper seeds in the fruit obtained by back-crossing F; to
the squash parent than by back-crossing to the pumpkin parent. This is coupled.
with the fact that the viability of the Fi seedsis very poor as already stated.
Seeds having their nuclei and cytoplasm from the same origin seem to survive
more consistently than seeds having their nuclei and cytoplasm from a different
origin. This tends to suggest the hypothesis of the inter-relationship between

nucleus and cytoplasm,
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Many of the F» seedlings were apnormal. Some of them have coalescent
cotyledons. Others have deformed leaves. Only thirty-nine plants were finally
transplanted to the field. Most of these plants were about as vigorous as
those of the parents growing sid> by side with them. A few of the I, seedlings
had a very weak growth and died before they bore any fruit. Many bore fruit
as early as the parents. A few of them had such a weak growth that, though
they were able to survive, they were unable to bear a single fruit. The anthers
in some of the plants failed to dehisce as in the F; plants. Thus self-pollin-
ation was again impossible in many of the plants even after repeated trials.
Consequently, back-crossing was again resorted to. Since the number of the
F, population was very small, any attempt to make a genetical interpretation
would be inference only. The detailed deseription of the morphologleal char-
acters of the parents and the F; and F, plants is found in Appendix 1. The
individual characters concerned will be discussed one by one.

Perceatage of non-viable pollen grains — The pollen grains from the male
flower that was ready to open were counted under the microscope after being
stained with iodine solution. At least 300 grains were counted and the per-
centage caleulated. For the percentaze of non-viable grains, we find 4 per
cent in the squash, 10,21 per cent in the pumpkin, and 96 per cent in the hybrid.
In the F, plants the percentage varies from 20 to almost 100 with a unimodal
curve skewing toward the right (Fig. 16)., This indicates, of course, the
persistence of the non-homology of the chromosomes even after back-crossing
for another generation, |

Fig. 16 Percentage of abortive pollen grains in Fo generation
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- Diwmeter of the pollen grains — The unit used is the micrometer unit. Hach
:un%t is equivalent to .015 mm. The pollen grain of the squash is about one
unit l.arge? than .tha,t of the pumpkin, being 10 and 9 respectively. The size is
rather uniform in both parents as indicated under the large and small column



LI—-CYTO-GENETICAIL STUDIES OF CROSS BETWEEN SQUASH AND PUMPKIN 135

in Appendix 1. The average size of the F; pollen is 10 units, but it varies
from 7 units to 15. In examining the size of the pollen grains of the F, plants,
it is ohserved that the average diameter ranges from & to 10 units. Some
plants show very little variation in size, while others do to a great degree.
Some of the huge pollen grains observed reach a size of 15 units, It seems
that the more irregular the meiotic division is, the greater is the number of
the non-viable pollen grains, and there is more variation in the size of the
grains.

Fig. 17 Inheritance of shape of fruit [& -+ -b 3 1 ik 2 & &

i
P
ﬂ Pumpkin 55 )[{ AR
T
b - o
|
& -
VIR ™
il Fa
- P
B s BT
Fi x Pumpkin i [}
2 .
2
E‘:
o]
o
S 1 -
=3
o
il
= -
7y
S o
Fa
. s
' Fi x Squash %ﬁgﬂg\
3 ..
.
3 -
| A B

breadth




156 AGRICULTURA SINICA Vol. 1, No. §, 1935

Shape of the fruit — The fruit of the squash is decidedly oblong in shape.
The pumpkin, however, is clearly a disk type. Though both parents come
from commercial stock, there is very little variation in these respective
shapes. The hybrid has a round fruit, a blend of its two parents (Plate 1),
In the F, there is a great variation in the shape of the fruit, Besides the
oblong, disk, and round types, there are conical, egg, and dumb-bell types, etc.
If we represent these types by the ratio of the length to the breadth and make
a graphical representation, we can get a better picture of the segregation of
this characteristic among the Fs population (Fig. 17). The shape of the fruit
from the plants that are back-crossed to the pumpkin parent is seen to be
either disk or globular with the exception of one plant only; about half the
plants have disk-shaped fruit and the other half globular. That exception has
an egg-shaped fruit. The graph, therefore, centers around the type of the
hybrid plant, On the other hand, about half the plants resulting from the
back-cross to the squash parent have globular fruit like that of the hybrid
parent and the other half have oblong fruit like that of the squash parent.
From this, it seems that the shape of fruit is governed by a major factor,
and that neither disk nor oblong is dominant over the other. Thus, when
types such as the conieal, egg, and dumbbell segregate in the Fs population,
other modifying factors seem to be present. However, the data do not permit
us to offer further explanations.

Leat lvbes — The leaf lobes of the squash are round and those of the pump-
kin are pointed. The Fy plant is assumed to have a pointed leaf lobe. Nine
of the plants from back-crossing the F; to the squash have pointed leaf lobes;
the other ten have round lobes, All of the plants that are obtained from
back-crossing the F; to the pumpkin parent have pointed leaf lobes. This
seems to be a simple Mendelian segregation with pointed leaf lobes dominant
over round.

Owing to the small number of individuals in the Fy population, it is hard
to explain the mode of inheritance of the characters listed in Appendix 1; but
the most interesting thing is the segregation of color in the mature fruit.
Besides the cream-yellow color of the squash, the reddish-brown color of the
pumpkin, and the brown color of the hybrid, there are red, orange, cream,
white, and black colors appearing in the Fo. This indicates an interaction of
factors; but how it comes about, it is again difficult to explain with such a
small ¥, population.

Some abnormalities appear in the Fs population. Plants 21 and 24 (both
obtained by back-crossing F, to the pumpkin parent) besides their normal male
and female flowers have perfect flowers present. The calyx tube of such
flowers is enlarged at the base in such a way as to resemble an ovary. Both
anthers and stigma are present side by side, but they are very much deformed.
The ovules are attached to the style-like placenta just inside the calyx. The
edges of the leaves of plants 24 and 29 are rolled up as if permanent wilting
has occurred, but in other respects they appear to be healthy.
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More work should be done on such erosses in order that more eonclusive
evidence than given in this paper can be shown,

Summary

The squash and pumpkin can be crossed when the squash is used as the
female parent. The reciprocal eross, however, is not successful,

The F; plant shows no signs of heterosis.

The haploid number of chromosomes for both parents is 21. The hybrid
plant has 42 chromosomes as the diploid number, Only 4 per cent of the pollen
orains of the hybrid plant are fertile, and they vary greatly in size,

The first meiotic division in microsporogenesis shows much abnormality.
Precocious division and lagging of chromosomes during anaphase resulted in
the formation of extra microspores and non-viable grains. This irregular
separation of the chromosomes is attributed to the non-homology between
some of the chromosomes of the two parents. On account of this non-homol-
ogy, some pairs of chromosomes form an interstitial chiasma and other chromo-
somes form a terminal chiasma during late prophase. This accounts, perhaps,
for the irregular meiotie division of the hybrid plant.

Genetical studies have disclosed simple Mendelian inheritance for shape
of fruit, oblong and disk, with neither one dominant over the other; and for
leaf lobe, the pointed is seen to be dominant over the round.
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Description of the Plates

o B

Plate 1. Shape of fruit Mi— BB IR
Plate 2. Types of seeds and anthers i T RAELEY AE
Plate 3. Pollen grains o M= AEEYhT

Plate 4, J&PY
Fig. 1 — Polar view of the metaphase plate of squash showing 21 chromosomes
] — A i I8 20 e 307, 0 IokRaR Bl R, el A —e i Y.
2 = ‘T'he same for pumpkin, also showing 21 chromosomes
B = ALY | i,
3 — The same for Iy baving 28 complements, 12 of which might be univalents
B = RIER R Cn el A b ALERE NG, S b E B IR,
4 ~— The same for Iy but having also 21 pairs of chromosomes
B W LI A SR
S ~ Early diakinetic figure of squash; a and b are from two different levels of one cell
B 3 G Rk B S8 2 IR s a e b Bl — R, R RE 30, 2 B,
6 - Diakinetic figure of 1 (x 3100)
B SRR R . (x 3100)
7 - ‘The same as Fig, 6
i WLl s I
Plate 5 By
- Fig. 8 = Dyad stage of Fyinotice the two micronuclei (x 700)

B A RERRSS (0 MR BT M (x 700)

9 and 10 ~ Tetrad stage of ¥y showing the extra microspores and the difference in size among them.
(X 380)

DR JU B 1 R 8~ 1 22 DUt RU), 6 T SR 2 DR R Kb 2 26 B (% 380)
| 11 =~ Anaphase fizure of I71, side view. Notice lagging and precocious separation of chromosomes
B b R R 5 S 2 M i RIS | vk et R B AR R R .

2 - Telophase of 1, showing the lagging of chromosomes (lagging chremosomes are made dark so
~as to show the contrast)

B+ MBS — B, R M R . (AR B MG REER)

13 — Harly anaphase of IF1, side view. Not all the chromosomes are represented in this figure.
Notice the more or less regular separation of the F1 chromosomes

B += i}ftiﬁ?&%ﬂ*ftﬁ}mﬁi-’fﬁmzmlliﬁi'%@I%%.ﬁ‘c}lﬁ?ﬁﬁﬁ ZHREHER . ETHES-RELERZM,. K

Plate 6 s

Fig, 14 — WMetaphase figure of squash, side view. (Chromosomes are drawn separately at four different
levels). Notice the type of chiasma formation. Four chromosomes are not found in this

-

drawing . | | . |
! {ﬂ}ﬁﬁggﬁm 12 A . (SR (B SRel DORE R Rl 2 e 0 RS TR I, s BT A R M B R

15 — aand b, the same for pumpkin

W E akkb, REERMHEIK
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Shape of fruit
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Squash Fix squash F; x pumpkin Pumpkin
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Plate 2. I —

Types of seeds and anthers (about natural size)

M RIEEAEE (WIREZKARIE)
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Plate 3. W =
" Pollen grains (x112)

&y wr (e K112 i)

%9 T

®O

Pumpkin

# I — ()
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Plate 4. g &
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Plate 5.
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Plate 6. M A

15a

15b
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Fr o NP IR 2 B2

Vavilov 10 (1027) $ N R S, E MR 2 W EALS K F B >

750 R LRI G (it O € I i (o S BT S Rl I LR (1R 3 - R W - =3 O s
A 2oy T LR R A — T R RS R — e R R
2E L AT A BT A IR ) MR B A RS, B {RL ik M2 A Sagaret B (1826) B
Naudin JG (1856,1859) L i £ b 22 3 B& (Species) fﬁ' eI MERE B8 2 W
ge.Naudin JC #8588 (8 1 22 45 P, 08 2 40 B0 % 0 7 2 % W 8 7 I
A IR Co pepo — RELIC W] W — B0 4, 4k 0k B9 {5 % e A Bailey K (1890)
wEWMAN LR ZHEEMEHAERTETRAKSBZE®REE K (C
pepo) A fig S Mk 3% % 8 (C. Maxima) 22 Hubbard, Marblehead, Boston
Marrow, Turban B Mammoth K2 A Kozhukhov IS (1924-1925) ¢ 4 4 3 % £+
M A7 WCRE (Species), Jb ¢ {4 1 45 48 {f 3,75 C. pepo HE 4, B BR -G
Z Y 6 4 45 A0 o A 4% b by — 8 R 8 M+ =, C. Maxima
5l 28 19 - A |

Sinnott ll A W (1922, 1927, 1930, 1931) % 7 ¥ R B B BB IR
% K il BE B e SE 0 22 PeOIK B 1R R R 2 HE % Whit&k@l‘ K (1932) #%
B3R Coopepo 22 W K B3 8 (gourd) #E %2, ;ﬁ‘:; R m Z A T, .

Bk BT ¥

e e - RUR G R VoI R R S
WM T AMREE AT ZEFBRERBEFMEES
QM&%Mi%&&%ﬁﬂJﬁ%%%%Mﬁﬁﬁﬁﬁmwkﬁ
St L 2 '

169
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FE MK OF @ Z YT 98 B’Xf, Bk P A (Aceto-Carmine) ¥ (6,413 LJ
LR O I N~ ol R N O = Rl [ W25 0 N9 = A 2 AT CONE Y e S i R
BB B &% R 2% B R Navashin’s Bt Allen’s Modified Bouin’s {¥ i 1,
BEEHEEZERABIBU N UER &2 — 0 EN H Newtons iodine-
genetion-violet 4 BM Je 2,3 W B B 608500 M 28 (Abbe camera lucide) 1%

iy]s.ﬁ é’ X:.-_-&.i. @ Hé:% ,'% ﬁ gﬁt Wj 5’?,?5‘:? };& “jt m ;‘F /“f-

B — %K B 2 3

s L

4

M2 FE OB — X X I B A B8 BE I A BE O — (U 2 Wi PR R
HE B 2 B 2 A B e MR 5] N e LU B — AR PR 2 2K 88,4 A8 g R
AR P L W s R (vl O o 111 e N £ el < ) B S K
ff A A% R TE 5 — AR 2 A R 1E % RE AT JH AT BT 8 A 2 B Mk 4D K kLY
g H FREEBEE—-KRMEKEEEZEILS AT W B Z 00 5P ek
REWMKZEERWE LR B 28R XL 2 kMK %
B 8% —.

%%% 2 AR LB 2k & M2 AR B R (96%) Bk E /g
i‘& 182 JfL 2R NEE R CE R B OW B 2 AR ok R B B M. (O =2 K& M &%
“)m”%%%z%éﬂmﬁ%%%if R B F0E R B de T
Py ok A B L 2 B SAE 66 B (Fa x 7 1 AL) BR 7 o0 4 1 — H Tk g8 4
B398 (Fyr x ¥ JK) 58 - o, 08 5 - B4l BE 8 = {8 2 B 0k 72 2
WA R RA A - E R A BEH I F%W%WW&W%%W
E%%ﬁﬁ%ﬂﬂ%ﬁw%%&@mewmm)&mM%WM
(Microsporogensis) ¥ A # &L 1% ¥ 2 i 7.

G G el T

WL S N Y B 2 5 B (Haploid number) 45 21, 75 3k Ik 4+ U
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b W W A G BB 2L BB R A M g — B 28 % 6 ‘fﬂ
v (Complements), 9 22 -} =2 48 % 1% 3 (Univalent), 75 ¥ 7% = 21 3§ 4
ZLOWIE B SN B b)), Y i 2 47 # v 4T # (Terminal Chiasms), o5 1 &
A7 P I AT i 28 (Interstitial Chiasma). 7% 4> 28 %1 #) 2> Diplotene stage it
WA 1 — M W S 2 B TR ZE Ok B S bR — 8 e (o WL TR BT 3T A, (
Fr =M, I i ﬂmawamnWW%mmm%ﬁ%ﬁJ@%%
2 4 ) 4 AW 2 Diakinetic stage (Mg W6, 52 B b), H# e B = 2 K
FTORE TR S0 A% W M (8 0 P 2 0 B b 13T R e B AT N8 B R R,
LOTERIN v o P N L
e LRI i e RR e fa R 2 4 M W REHE . (1) LR
16 W9 A VL% SNE Ry 4 4 2 % 1) Early Prophase g B #1 Bl 2 4T
FEAL RS MG A JUL R T W R b (Terminalimtign) %, 00 g 46 B b S AT B
A VL Y (0 k8 IS AR (2) R R W B o2 e £ R T N 3
— (Homologous), At 1 M40 )& W S 47 #5868 = 0 3 S48 L 3k = 81 85,00 W
A% B R I SR v el 0 W OBE JE A YD R SO ORR ME R 7E HR M B b3t 3
(4 30 AT ¥ VAT Ak K b RY AT #‘H 2 R OB M HE 4 A % 3 (Anaphase),
RER MR EERRBERIHEHAEERBER R ILE 11,12 &
13). LU S Uil 37 ik 2 Hu (s WL b 09 4T KR ELS B R R A B L U U B iR
o3 W, N e 9K 4% E N R I % B AN B% (Micronuelel) iz i M, Bh%E
T J6LBE R RS 2 4 S B U] (Dyad stage) B 0 N K Y 1 4 F IR ] Tetra-
stage (ll JU J& -+) 48 FE.9% BF 4§ Y (6 % 81 & (Complements) 5 % £ 5
A o AL AT B 0GR D4R B R B S B 2 LA B R ARG A
B A2 s L F B SR e B0 R M9 4 T I LR M A B RR 2 T
B0 A6 B0 e 6 B UK A 4 M B A BB O LI - =), 8 38 B B e &
11 PR il N Ul 9 (’Macrosporogensi&‘:) HE SR A B
mm R MG RTENEFEREARB LTI BEIEFRSIETA2M

% I 2 75 08 1 A
55 A 2 M B RS B 2 M IR 9 2L W 6 ML RR 2 g
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WUk B A B 1 W) 2 g v B AE B — IXCORE R T B AELER B A LT At
X ERY ﬁ%&%ﬁﬁ%%% B %

HE L EZER

A RE B AKX mk BN O[E) 22 OBF 4% 2 MR 0 R B A N0 vbe B 25 BN gy
NN =N o vl SR UL e 3 i S I (N 2 B G D Al &l e o vy LI N
B GEEFEREVNERE 2 PANEEETE 2 -LE A
A el A RSl el vl R S e ML SR < N
JE . R BB SRR &5 — X X RE M 3 0 BR R N RO IR R AR T
Al O i S E IR RN S I R A el o T A R N
F\CE 5] B AR MG % BT M CH Aa E OB O6R 2 I k.

MEE ZRZYEFR T HEA MW A8 A T~ 55
WS B BEOB MR B OB EE = LB & Bz oM BRIk B R O
2 B A,k B AR 0 TR BR 55 = A 2 WOME Bk 05 S A RO R L
BLED B R #1458 K 5 Bz H 25,00 fk 5031 A IR 68 &% A 3 [ 2 J8 o oy,
HE RE A5 BE £k A 08 T A5 BR300 MM Bk 2 48 366 fE D 2L~ dur ¥ R B —
ﬁﬁ%&&%ﬁmma%ﬁﬁwmikmwﬂﬂwm A #E B

TR R BCE S R R W BORE B B A1 — BE 46 o LU RE G
— KB M BRTE BB B 2 AL R M Sk — IR R B O K —
m o # iR |

AR EHF RN ZH S 2 8T W o o 48D 8 B o, AL ik
BB SR FHEEL B SE ALK % E I S 00
&ﬁtm%ﬁmﬁ%$E§WMﬁm%mmm%mm%mmwm
A %% 2R HEMEE KBTS HB B 20% i E 100%.41 i 5 &
B A AR R S e R e ) T A 4 gk (U U (n
(UREE R

B E K Br A2 800 5% 00 6k 3 b o2 MDD A SR 4T AR
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%ﬁwM%%m%%%tﬁ%%%%m%ﬁMﬁ&%%ﬁ+ﬂ&
FOAE LW BLIE B — PR RAE R R 2 R A T AL A0 T B B R
RKAAFBILRY —FRMMEE -R2Z2EDPRZ2ELT S S+ ¥ 6,
{60 B SR M B b W RE o E ETLEMNMEREEMEBREE R EDE 2 K
A G 2B DA U b B R B b B BB B R K 2 5 BB N
A5 BRI A RIS R X M R A R RN RS S & R
W ME 2P AR B R L& L 2L K A 2 5 R OIR B 2 T R,

BB T SRaE R 2 S TS B R R 2 R L S A TR 5
M%H%Mﬂﬁmmmkaﬁﬁ%Wﬁuﬂiﬁm“sz%
T M ON-)JEHME R AL ELREA 2 EE T,
#% 9, K IR AR 30 55 AT I 6 OB 00 K R 8E 9B SN B A NS b & Bog,m
S E R E XA — M B R RNE AREE SRS
00 Rf 4 — FUBY 22 B % R k). U R B A B 2k B B 2 R R —
wxﬂwm%mmmmmmmwﬁwm¢ﬁ@wﬁﬁmﬁmﬁm
W RN — B L ERE BT MBS — R
Feo— 7B OM M 2 PR AR 5 8 T MLE A B W R 2 Al B AW 40
AP 2B R 28 — = B (Major factor) Br ik 8 7B B & B B =
L AS S 55 A W0 VETE & RE Y IR B 408K 2 [ S TRLUP OB R O 8 T,
1L A7 QU fib 4% o R S (Modifying factors) 2 E ZEMHB BT B 2 R H AR E
N AR A8 3l — 2 2 SR

B s 3ROE L 2 3 e A B I L WO R SR BB 8 — A
o AUV IR AT R M R — R M B R E R LS KBS TR
BT B N B MR E AR AR AL EEBEES
R UL R Bl VN R

B4 RR S T A w2 M B R 2,0 B R B FE M 8k — 2 B R S 1
LM LU R I T E R A R R EE AR ARBRER L G
e 6, T IR 2 AL B € Bk B R 2 W 6 ShB A B AL 1 B0 6 &,
B o ok B e W T 24 T BB M S5 BT B 4 R D3k B

"

-
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g = R 2 M BR Bk A R SRR
E%@%:RXM%%Mﬁ%m%%%mwmm%mu%
a0 RE S — M R B R B W MR RMEAE A A R
O A 5 2 8 2 4 LA IR U 0 K dun T U528 M8 AR U BRI 4
B W L IE Bk S B R B B R B Ak Uk 22 M M AR RHE B 24 S0 29 22
% 15 LA 8 A A M 25 R B 3L Rl RE Bk U A G A
B 25 B 2 4 T 8 R T ZEdm B 0 B OE R MR S 1R i

B .

W "

AT EE N N e B WS DL W K AE B R AR BT 7
Al W (i ||

%@%wﬂﬂ%%@%%%i%%ﬁﬂmﬁ%ﬂ%@Wm%
Bl EE A Qe = B4 MEE — A 2RI Rl
BB MEBR M EH R ZKR A A — I

¥ B W OB A A T2 8 B (Microsporogensis) St oF & L0
g 5% % 3] We(Anaphase) [ Y o 4 S R K BAE R AW L 2 A
F (Microspore) X € Zn % f8 J7 4L By bt 2 T .Uy 6 B 4 WE T VL B
%ﬁ:%t%@%ﬁ%%mm%@%%%@MWWW%W%am
terstitial Chiasma) K ¥} V8 T # (Terminal Chiasma) 2 ¥ %.

HEEAFEHZAEBSARBEHBRREZ AN EIRME Gk &% BN
FEREMEEZERARE FEN E BB &K KRS 5E D NS
o W A N UR YRS N B o o
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Experimentelle Untersuchungen iiber den Finfluss der Temperatur und Luftfeuchtiokeit
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Koern) -1 (In English with Chinese summary). By. T. F. Yu, H. K, Chen. and L.
Hwang, pp. 79-82. March, 1934
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Varietal lxommnce and Susceptibility of Foreign Barleys to Covered Smut (Usltlago)
hordei (Pers.) K, & 8.0, (In Eaglish with Chinese summary)., By T, F. Yu, H, K.
Chen, and L. Hwan.ﬁ{. »p. 83- 90, March, 1934
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Pythium Damping-Off of Cucumber (In English with Chinese summary), By T, F. Yu,
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2. (MIWWQWWP@:) o o | |
'lITIi: NUNC} PAO, (In C umm) Put :xhshed every ten days, per anuum, Cherresaeaeeciiidesienans

B

&R, 4R =155, B —IT. (930
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