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HEAT TOLERANCE I N P1SUM

CGottschal k, W Institute of Genetics, University of Bonn
D-5300 Bonn 1, West Gernmany

Fifty four Pisum genotypes were studied under short day phytotron
conditions with high tenmperatures during daytime in order to |earn whether
there are any differences in the material with regard to the tolerance
agai nst these unfavorable conditions. Twel ve X-ray induced mutants, 39
reconbi nants and 2 strains from North Thailand were used for the trials
together with the Gernan variety "D ppes Gelbe Viktoria" (DGV), the nother

variety of our nutants. The phytotron conditions were as follows:
0800 h to 2000 h full light (30,000 I ux)
2000 h to 0800 h darkness
2000 h to 0800 h 15°C
0800 h to 1200 h 15°C_____ > 35°C
1200 h to 1800 h 35°C

1800 h to 2000 h 35°C_____> 15°C

Hum dity : 60%

The following criteria were evaluated: number of days from sowing to
dying, flowering behavior, seed production, nunber of internodes and plant
hei ght .

The duration of life of the genotypes

Wth regard to the duration of Ilife of the material studied, great
differences were found anong the genotypes. Ei ght genotypes are
considered in Fig. 1. Recombi nant RM 831, selected from a cross between
the narrow |leaved nmutant 1 76A and the early flowering reconbinant R 46C
was found to be particularly susceptible to the high tenperature. RM 831
has the followi ng genotypic constitution:

gene dim for narrow leaflets and stipules (from 176A),

gene | f? for earliness (from 46A via R 46C),

gene bif-1 for dichotonmous stem bifurcation (from 1201A via R 46C).
Most RM 831 plants died very early w thout producing flowers (nmean tine
fromsowing to death 35.7 d). Mut ant 1 76A, one of the parents of RM 831,
showed a sinilar behavior.

In contrast, reconbinant R 161 and the fasciated nutant 251A showed the
opposite behavior: they were found to be very tolerant to the high
tenperature. A characteristic feature of all the genotypes studied is the
extraordinarily broad variation of the single values of each genotype
al though all the plants are honozygous. This variation is obviously due to
non- heritable physiological differences between the plants of the sane
genotype. This holds true not only with regard to the duration of life but
also for the other characters eval uated. The first plant of nutant 251A
died 71 d after sow ng. At that tine all the plants of RM 831, 176A and
sone other genotypes tested were already dead. The trial was termnated
140 d after sow ng. At that time, 5 plants of nutant 251A were still
alive. This behavior was confirnmed in a second trial with the sane
phytotron conditions. The plants of the short-stemmed fasciated
reconbi nant R 161 showed a sinmilar behavior to mutant 251A The val ues of
all the other genotypes tested, including those of the control material,
lay between these two extrenes.




PNL Vol ume 21 1989 RESEARCH REPORTS 21

Mut ant 46A, the donor of gene If? for earliness (efr in ny former
publications) and reconbinant R 46C, honpzygous for 1f% and bif-1, showed a

particularly, interesting behavior. In two successive phytotron trials,
the nmutant was found to be considerably nore heat tolerant than the re-
conbi nant . This was obvious not only from the values for the duration of
Life (Fig. 1) but also from the flowering behavior. CQut of 28 plants of
mutant 46A, ten flowered and three produced sone seeds. However, the 27
plants of reconbinant R 46C did not flower although ontogenetically they
had reached the flowering stage. The negative reaction of R 46C in
conparison with 46A is obviously due to the presence of gene bif-1 for stem
bi furcation which, however, is wunable to express its action on stem
structure under the unfavorable phytotron conditions. Conpari son of
nmutant 176A, the donor of gene dim wth reconbinant R 176X, honbzygous for
dim and a gene for stem fasciation, shows the opposite situation: the

reconbinant is considerably nore heat tolerant than the nutant (Fig. 1).
This positive effect seems to be due to the gene for stem fasciation (the
heat tolerant genotypes 251A and R 161 are also fasciated but it is not
clear whether the three genotypes have the sane gene for fasciation).
Pl ant hei ght and seed production

Most of the 54 genotypes tested were wunusually small under the
unfavorabl e phytotron conditions. The relationship between plant height
and tenperature is shown in Fig. 2 for 4 genotypes grown under the
followi ng conditions:

Trial 1. 15°C night, 25°C day.

Trial 2: 10°C night, 30°C day.

Trial 3: 15°C night, 35°C day.
In trial 1, very clear differences in the stem length of the 4 genotypes

were discernible. The higher the day tenperature, the smaller the stem
| engt h. This was especially clear in trial 3 where the length differences
between the 4 genotypes conpletely disappeared. Essentially the sane

situation was found with regard to the nunber and length of the internodes.
Thus the reduction of the plant height with increasing temperature is a
consequence of a reduction in both the nunber and length of internodes.
These findings are in agreement with observations on some of our Pisum
genotypes which were grown in India in the subtropical clinmate of Varanasi
and Bonbay.

O the 54 genotypes grown at 35°C, only 40 flowered. However, in
nmany cases only a few plants or a single plant reached the flowering stage,
sonetimes extrenely |ate. Most of the genotypes tested were unable to
produce any seeds. Sorme genotypes, honpbzygous for alleles of gene dim
showed a relatively good flowering behavior but little or no seed set. In
some dim reconbinants, however, nost of the plants formed sone seeds
denonstrating thereby their high degree of heat tolerance.

These experiments wll be continued with nore genotypes of our

col l ection. In this way, it may be possible to select genotypes which
m ght be suited for cultivation in subtropical countries.
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Fig. 1. The duration of life of 3 Pisum nutants, 4 reconbinants and the
not her variety "D ppes Celbe Viktoria" (DG) under short day
phytotron conditions with high tenperature. Each dot gives the
value for one plant; the squares are the nmean val ues.

temp. 15-25-15 [ 10-30-10 | 15 35-_35_-_ T1‘_~ ;‘_} 1_‘: I 0 30-10 ]1535 15@ o ?_5-_25—15 10-30-10 | 19-35-15|

| o @ 0GV ‘| ' .
:gg | o R20€ ., i = o @

= ) eRLC|E 1 S 5004 o

g oR20D |2 %8 2

2 ‘ S0 4 ] . o 30!

= % o S 164 el o | °

S ] o 0 | - O 2 =] .

S s O . é 121 . 5 A0 o ol

L0 g eo || €
20 a 2 4 bt ®a®
BOoeo0 ]
Fig. 2. Plant height, nunber and length of internodes of 4 Pisum genotypes

grown in the phytotron under
condi tions (photoperiod 12 h).
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