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Longevity of buckwheat seeds and their tolerance to desiccation

Yoshiaki Nishikawa* and Pauline M. Mumford
School of Biological Sciences, University of Birmingham, Birmingham, B 15 2TT, U.K.

Key words: conservation, Fagopyrum esculentum, germination, seed storage, seedling vigour,
viability

Abstract

Buckwheat seeds were stored at different moisture contents and temperatures. Seed
viability was extended by lowering moisture content and storage temperature confirming that
long term seed storage is feasible. Viability constants, kv, C1 and C2 were determined as
5.3672, 0.1409 and 0.0490 respectively, which are similar to those of cereals. Parameters of
seedling vigour generally showed good correlation with germination.

Introduction

The importance of the conservation of genetic resources for future breeding work has
been widely recognized. However, due to the decrease in area and production of buckwheat,
there has been no systematic programme for preserving buckwheat germplasm (Marshall and
Pomeranz, 1983). Recently there has been a recovery in demand, and extensive exploration of
the genetic diversity has started (Kreft, 1981; Ohnishi, 1986). Collections of buckwheat
genotypes will need to be conserved. If the seed can tolerate drying and low temperature
(Roberts 1973), seed storage is likely to be the best means of genetic conservation because
this is a stage of minimal metabolism in the plant life cycle and seeds need relatively little
storage space. Many seed-producing crop species can be stored for long periods without
much loss of viability or serious genetic change. _

The longevity of seeds during storage can be predicted from aging experiments, in which
seeds are stored under constant moisture and temperature conditions and germination
monitored over time. Roberts and Abdalla (1968) proposed the following equation to describe
the relationship between the half life of seeds and their storage conditions,

IOg P50 = kv - C1m B Czt

where, P50 is time in days taken for 50% of the seeds to lose viability, m is moisture content
and t is storage temperature. Kv, C, and C- are constants for seed lot, moisture content and
temperature respectively.

There are also various indirect ways of measuring seed deterioration. Abnormal seedlings
represent deteriorative changes which have occured in the seed but which are not severe
enough to prevent germination. In germination tests, only normal seedlings are usually
considered (ISTA 1985). Seedling vigour as measured by root and shoot lengths, speed of
germination and electroconductivity of the seed soak water can also be utilized as indicators of
seed condition (Ellis and Roberts, 1981). Tetrazolium staining in some species shows the
location of dead tissues, and charts for discrimination of viable and non-viable seed have been
prepared (ISTA, 1985).

No attempts to predict the storage potential of buckwheat seeds have been found in the
literature. Therefore, an accelerated aging experiment, using high storage moisture and
temperature conditions was carried out to determine viability constants for the species and
investigate teasibility of long term storage of the seeds. The effects of desiccation on viability
were also examined.

*Present Address: Japan International Cooperation Agency, 2-1 Nishi-shinjuku, Shinjuku, Tokyo 163, Japan



Material and methods

Seeds of common buckwheat (Fagopyrum esculentum Moench) cv. "Kyushu Zairai
Hanadaka Soba", which has long been cultivated in the western part of Japan, were used.
The mature seeds were harvested according to traditional methods and kept under ambient
conditions for approximately six months. Seeds were divided into two lots, one was kept over
silica gel in a desiccator for two days to obtain low moisture content and the other was kept
over water in a desiccatorfor one day to raise the moisture content. The moisture content was
determined using the high constant temperature oven method (ISTA, 1985). Seeds, in lots of
50, were packeted in laminated aluminium foil hermetically sealed, and were kept at 15, 25 and
35°C. They were sampled at 35, 60, 90 and 120 days of storage and additionally at 46 days
for the high moisture content lot.

Germination was tested between paper towels (IBPGR, 1985a) and three replicates of 50
seeds were used for each test. Paper towels were positioned vertically in plastic boxes
containing water and were covered with polythene to maintain humidity but allow air circulation.
Seeds were incubated at 20°C in the dark. Germination was examined after seven days.
Normal germination, abnormal seedlings, and mean radicle and hypocotyl lengths were
assessed. Only seedlings having a well developed root system with primary and secondary
roots and a hypocotyl terminating in a normal plumular bud, vigourous enough to remove the
seed coat, were regarded as normal and measured. Seeds showing no sign of germination
were regarded as dead. For the purpose of assessing the germination speed, two replicates of
50 seeds were placed on moist filter paper in petri dishes and the mean time needed for
germination was calculated in days.

Attempts were made to detect change in viahility without germinating the seeds by using
tetrazolium staining and electroconductivity measurements of the soak water of seeds. The
latter might detect leakage of cell membranes.

Effects of desiccation were studied using seeds dried over silica gel for one, three and
five weeks. The control sample was kept at room conditions. Seed lots were then divided into
two, and half the seed was placed to germinate directly while the other half was rehydrated
slowly in an atmosphere of 100% relative humidity at room temperature for two days and then
germinated. Using three replicates of 50 seeds, germination and seedling parameters were
assessed.

Results

The moisture content of stored seeds was 11.98 and 17.89%. The percentage germination,
Table 1, for all combinations of storage conditions declined with increased storage period.
Seeds stored at the higher moisture content and/or higher temperature showed more rapid
decline. Statistical analyses of the germination data showed moisture content, storage
temperature and storage period all had highly significant effects and there was an interaction
between moisture content and temperature.

Table 1. Percentage germination of buckwheat seeds after storage. Each value is the mean of
three replicates of fifty seeds.

Moisture content Temp. Storage period - days

% °C 0 35 46 60 90 120
15 81.33 77.33 - 70.67 72.00 68.67
11.98 25 81.33 76.67 --- 68.00 66.67 60.00
35 81.33 68.67 --- 58.67 50.67 40.00
.................... ié.........}é.éé.......éé.éé.......éé:é?.......éé.bo........éé.éé.......sé.é?.
17.89 25 79.33 48.67 44 .67 36.00 24.00 12.00

35 79.33 10.00 0.67 0.00 --- ---

--- = no germination test carried out



Germination percentages, transformed to probit values were regressed against storage
time and the significant survival curves, Figure 1, were used to calculate the time taken for
seeds to reach 50% viability (P50 value). Substituting the P50 values, 91.9 (11.98%, 35°C),
129.3 (17.89%, 15°C), and 41.8 (17.89%, 25°C), which were obtained from the most significant
curves, in the equation of Roberts and Abdalla (1968), log P50 = kv - C;m - Cxt, the viability
constants kv, C; and C> were determined as 5.3672, 0.1409 and 0.0490, respectively. These
constants can be used to predict the longevity of seeds in storage under any constant
conditions.

6.0+
e
5 IS
g £
E E
(0]
5 5
3 5
& o
Q Q
4.0+

3.0 — 8 i 30 . g — .

o 50 100 150 0 50 100 150

days of storage days of storage

Fig. 1. Survival curves for seeds stored at 11.98 (a) and 17.89 (b) moisture content.
e = 15°C; o = 25°C; s = 35°C

Abnormalities observed in buckwheat seedlings were a lack of primary root, swollen
radicle, watery shoot and attached pericarp. A summary of the percentage of abnormal
seedlings produced from stored seeds, Table 2, shows that generally there was an increase
with storage period as germination percentage declined. However, this trend applied only when
50% or more of the seeds germinated normally. When germination percentage was less than
50% abnormal seedlings also declined. This observation supports the hypothesis that
abnormalities in stored seeds probably lead to eventual loss of viability.

Table 2. Mean percentage of abnormal seedlings after storage.

Moisture content Temp. Storage period - days

% °C 0 35 46 60 90 120
15 7.33 12.67 --- 14.67 15.33 16.67
11.98 25 7.33 10.67 -—- 14.00 14.67 17.33
35 7.33 18.00 --- 20.67 25.33 22.67
.................... is.........ié.éé.......ié.éé.......ébzdd.......ié.bb........éé.bé...,...éi.éé.
17.89 25 13.33 24.00 27.33 23.33 22.67 12.67

35 13.33 6.67 0.00 0.00 --- ---

Both the mean radicle and hypocotyl length measurements declined with storage period,
but only in the case of hypocotyls was there a statistically significant effect, Table 3. However
both high moisture content and storage temperature significantly reduced radicle and hypocotyl



length. The data suggest that hypocotyl length was more sensitive to storage conditions and
served as a better indicator of deterioration than radicle length in this species.

The time taken for germination of seeds generally increased with higher moisture content,
higher storage temperature and storage period.

There was no evidence of a good relationship between seed deterioration and
electroconductivity measurements of the soak water of seeds. Tetrazolium staining did not
discriminate between viable and inviable buckwheat seeds effectively.

Table 3. Mean radicle and hypocotyl lengths (cm) of normal seedlings after storage.

Radicle length Hypocotyl length
Storage temperature °C
Moisture content % 15 25 35 15 25 35
11.98 11.40 11.59 10.62 9.60 9.43 8.42
17.89 11.51 10.10 9.15 9.96 7.96 7.43

Correlations were made between the five parameters of deterioration studied. Table 4.
There was generally a highly significant correlation except for abnormal seedlings. Although
overall the data for abnormal seedlings did not show any good correlation with other
parameters when only data from treatments giving 50% or higher germination were considered,
the negative correlation was significant.

Desiccation down to 4.6% had no adverse effect on buckwheat seeds, Table 5, and
placing seeds of low moisture content directly in water did not harm germination or seedling
growth.

Table 4. Correlations between the different parameters of deterioration after storage.

1 2 3 4 5
Germ. percentage Abn. seedlings Rad. length Hypo. length Germ. speed
1 -0.020ns 0.908** 0.830** -0.831**
2 -0.066ns -0.108ns 0.138ns
2’ -0.893** -0.571** -0.434* 0.552**
3 0.864** ' -0.836**
“ -0.849**

2’ = data from samples with 50% or higher germination;
** = significant at 1% level, * = significant at 5% level,
ns = not significant

Table 5. Mean germinate percentage, abnormal seedlings, radicle length, hypocotyl length and
germination time after desiccation and slow and rapid rehydration

Moisture Germination Abnormal Radicle Hypocotyl Germination
Conter . (%) Seedlings (%) length (cm) length (cm) time (days)
(%) (1) (2) (1) (2) (1) (2) (1) ) (1) " (2
13.91 (Control) 71.33 14.00 10.66 8.49 3.24

10.18 70.67 67.33 16.00  18.00 10.83 11.73 8.20 10.09 3.04 2.89
6.18 67.33 68.67 15.33 16.77 10.70 11.06 8.15 9.87 3.1 3.01
4.61 70.00 67.33 12.67 18.67 11.08 11.15 8.15 8.32 3.19 2.89

(1) rapid rehydration, (2) slow rehydration.



Discussion

This accelerated aging experiment has confirmed that buckwheat seeds are ’orthodox’
with regard to storage behaviour, i.e. longevity was prolonged by reducing moisture content
and storage temperature.

From the viability constants obtained, the storage potential for this species (kv = 5.3672)
is similar to that of major cereals (rice, 5.680; wheat, 5.067) reported by Roberts and Ellis
(1977). The ratio of the two viability constants C, and C> was 2.87, which means that 1% drop
in moisture content has the equivalent effect of 2.87°C reduction of storage temperature. This
ratio is also similar to that of rice and wheat, 3.19 and 2.16, respectively. This result suggests
that although moisture content is an important factor to be reduced, storage temperature,
which could span a wider range of values than moisture content, must be regulated, and its
reduction is also very important.

Using the constants calculated here, a moisture content of 16%, which is the maximum
value suggested by Marshall and Pomeranz (1983) for agronomic purposes, and a storage
temperature of 15°C, the theoretical half life (P50 value) of the seeds would be 238 days and
this coincides with the period between harvest and sowing in agricultural practice. Since 50%
germination is not satisfactory however, a lower moisture content during storage is
recommended.

The recommended conditions for seed storage in gene banks (IBPGR 1985b) are 5%
moisture content and -20°C. Under these conditions, the half life of seeds would be 1203
years. This suggests that the long term conservation by means of seed storage is feasible for
buckwheat germplasm. No adverse effects of desiccation were observed down to 4.61% seed
moisture content so the IBPGR recommendation appears appropriate. No investigation of the
effects of sub-zero temperature has been carried out, but at low moisture content adverse
effects are not expected.

The deterioration of seeds in storage is clearly a gradual process and the increase in
seedling abnormalities, the decrease in radicle and hypocotyl lengths and reduced speed of
germination correlated with a decreasing germination support the inference that physiological
changes in the seeds during storage accumulate affecting seedling growth until the point is
reached at which germination itself can not proceed. A good correlation between all the
parameters of seedling vigour and percentage germination showed that these measurements
serve as good indicators of the loss of viability but there was no evidence to support the view
that seedling parameters were more sensitive measures of deterioration than germination.

While the electroconductivity measurements of seed soak water generally increased with
higher moisture content and storage temperature they did not prove to be reliable indicators of
seed deterioration for this species. A large part of the buckwheat seed is endosperm
consisting of dead cells, and this may account for why leakage from cells is not well correlated
with the conditions of living tissues. Similarly, the tetrazolium staining test cannot be
recommended for this species.

For the long term, buckwheat seeds can be stored at low moisture content and low
temperature but preferably good quality seed should be stored and harvest and pre-harvest
factors, including seed maturity, which affect seed quality and thus storage behaviour, require
investigation.
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MOZNOSTI SHRANJEVANJA SEMEN AJDE IN ODPORNOST PRI IZSUSEVANJU

lzviecek

Semena ajde so bila spravljena pri razli¢nih viaznostih in temperaturah. Z nizjo viaznostjo
in nizjo temperaturo shranjevanja se je bolje ohranila Zivljenjska sposobnost semen, kar je
potrdilo, da je mozno semena shranjevati dolgoro¢no. Konstante zivljenjske sposobnosti kv, C1
in C2 so bile 5.3672, 0.1409 oziroma 0.0490, kar je podobno kot pri zZitih. Parametri Zivljenjske
sposobnosti rastlinic so v povezavi s kalivostjo.
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Mutation studies in buckwheat (Fagopyrum)
l. Effect of gamma rays on germination

Atul Mathur
Cytogenetics laboratory, Department of Botany, D.A-V College, Kanpur - 208 001, INDIA

Key words: emergence, Fagopyrum esculentum, Fagopyrum tataricum, radiation dose
Abstract

Seeds of two species of Fagopyrum were treated with gamma rays at a dose level ranging
between 0 to 40 kR, from a Co®° source. Total germination capacities of both the species in
M, and M= were appreciated by low doses of gamma radiations up to 15 kR while it was
progressively reduced at higher doses beyond 15 kR. However in Mas, unlike M; and Mz, the
rise in the percentage of total emergence even up to 15 kR was not significant. Low doses up
to 15 kR hastened emergence while higher doses delayed it. F. fafaricum took lesser time in
expansion of first true leaf as compared to F. esculentum. There was gradual and consistent
decrease in the percentage of surviving plants as the radiation dose increased from 0 to 40
kR.

Material and Methods

Dry seeds of two species of buckwheat viz. F. esculentum (IC 49666) and F. tataricum (IC
13374), at 13.75% and 12.50% moisture content respectively, were exposed to 5, 10, 15, 20, 25,
30 and 40 kR doses of gamma rays from Co®° source in gamma irradiation chamber of
National Botanical Research Institute, Lucknow at the dose rate of 51.7 sec/kR at 31°C.

500 seeds of each treatment as well as that of control of both the species were sown in
well prepared plots. The row to row distance was 50 cm while plant to plant distance was 15
cm. Generation from treated seeds was M, generation.

Seeds obtained from M; were collected to grow Mz and those of Mz to grow,
subsequently, the Ms generation.

To ascertain the germination percentage, 250 seeds were placed on a moist filter paper in
a petridish. The number of germinated seeds of each treatment was recorded on the 4th day
when most of the radicles had attained a length of approx. 5 mm.

The emergence of seedlings in the field (emergence of cotyledonary leaves) was
considered as days to field emergence.

Percent emergence was noted on the 15th day after sowing. The survival was recorded on
30th day after sowing.

The experiment was conducted in a completely randomized design with 16 treatments,
combinations of two factors each at 2 and 8 levels respectively having 40 and 5 replications.

The data were statistically analysed by the method suggested by Douglas C. Montgomery
(1984), using a personal computer.

Results

1. Results for M,, M= and Mz for both the species have been presented in Tables 1, 2 and 3.
2. Table 1 suggests that in M, generation F. esculentumn took less time (8.2 days) in
emergence than F. {fataricum (9.8 days). 10 and 15 kR hastened the emergence whereas
further increase in the radiation dose delayed emergence from 8.4 days at 20 kR to as much
as 12.1 days at the highest dose (40 kR).

In M= the emergence was delayed even at 15 kR, although the difference was significant
only in the case of F. ftataricum at this level. Ms was, more or less, similar to M, in both the

species.
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3. Table 2 reveals that in M, radiation treatment appreciated total germination from 89.5% to
as much as 93.0% at 10 kR, a significant fall was recorded even at 15 kR.The total germination
was progressively reduced from 87.0% at 15 kR dose level to as low as 34.5% in 40 kR.

Table 1: Days to field emergence.

DOSE M,y Mo Ms ;
RATE F.esc. F.tat. MEAN F.esc. F.tat. MEAN F.esc. F.tat. MEAN
CONTROL 7.9 9.3 8.6 7.5 8.6 8.1 7.9 9.0 8.4
5 kR 7.6 9.0 8.4 7.5 8.3 7.5 7.4 8.9 8.2
10 kR 6.9 8.5 7.7 7.1 7.9 7.5 7.0 8.5 7.8
15 kR 6.5 8.9 7.7 7.4 8.7 8.1 6.7 8.8 7.8
20 kR 7.6 9.2 8.4 7.9 9.3 8.6 7.8 9.1 8.3
25 kR 8.5 9.5 9.0 8.3 10.0 9.2 8.3 9.6 8.9
30 kR 8.8 11.0 9.9 8.7 10.7 9.7 8.8 10.8 9.8
40 kR 11.5 12.8  12:1 11.5 12:5: 120 11.3 11.2 11.3
MEAN 8.2 9.8 9.0 8.2 9.5 8.8 8.1 9.5 8.8

S.E(Mean) C.D.at 5% P S.E(Mean) C.D.at 5% P S.E(Mean) C.D.at 5% P

S +0.055 0.154 +0.049 0.137 +(0.054 0.183
T £0.109 0.309 = =0.098 0.247 +0.108 0.305
SxT +0. 155 0.436 +(0.138 0.388 +(. 153 0.432

Table 2: Total emergence (%).

DOSE M4 Ma Ma
RATE F.esc. F.tat. MEAN F.esc. F.tat. MEAN F.esc. F.tat. MEAN
CONTROL 72.8 69.8 71.3 68.9 66.6 67.7 74 .1 71.0 72.6
(91.0) (88.0) (89.5) (87.0) (84.0) (85.5) (92.0) (89.0) (90.5)
5 kR 73.6 71.0 72.3 4 69.8 71.2 73.7 72.0 72.8
(92.0) (89.0) (90.5) (91.0) (88.0) (89.5) (92.0) (90.0) (91.0)
10 kR 77.2 72.8 75.0 74.8 70.7 72.7 1.7 72.6 12.:2
(95.0) (91.0) (93.0) (93.0) (89.0) (91.0) (90.0) (91.0) (90.5)
15 kR 73.6 65.4 69.5 71.8 63.5 67.6 72.6 73.9 73.2
(92.0) (82.0) (87.0) (90.0) (80.0) (85.0) (91.0) (92.0) (91.5)
20 kR 66.5 62.2 64.4 69.8 62.8 66.3 68.1 63.5 65.8
(84.0) (78.0) (81.0) (88.0) (79.0) (83.5) (86.0) (80.0) (83.0)
25 kR 56.8 56.2 56.5 60.7 53.7 57.2 60.6 58.7 59.7
(70.0) (69.0) (69.5) (76.0) (65.0) (70.5) (76.0) (73.0) (74.5)
30 kR 52.5 52.0 52.2 55.7 51.3 535 56.9 56.2 56.5
(63.0) (62.0) (62.5) (68.0) (61.0) (64.5) (70.0) (69.0) (69.5)
40 kR 34.3 37.4 35.9 33.9 37.8 35.8 32.5 37.9 35.2
(32.0) (37.0) (34.95) (31.0) (38.0) (34.5) (29.0) (38.0) (33.5)
MEAN 63.4 60.8 62.2 63.5 59.5 61.6 63. 63.2 63.5

8
(77.3) (74.5) (75.9) (78.0) (73.0) (75.5) (78.2) (77.7) (78.0)
S.E(Mean) C.D.at 5% P S.E(Mean) C.D.at 5% P S.E(Mean) C.D.at 5% P

S +(.582 N.S. +0.500 N.S. +(.567 N.S.
T 1,164 3.383 +1.000 2.821 +1,134 3.198
SxT +1.647 N.S. +1.415 N.S. +1.604 N.S.
S = species; T = treatment; S x T = species x treatment interaction;

N.S. = not significant.

NOTE: Figures in parenthesis denote transformed back values in percentage.
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In M= there was slight but significant increase in total emergence between control and 10

kR and thereafter the increase in dose of radiation resulted in sharp fall from 81.0% at 10 kR
to as low as 34.5% at 40 kR dose level. In M3, unlike M, and M- generations, the rise in the
rate of total emergence up to 15 kR was not significant. But it showed a steep fall from 83.0%
at 20 kR dose to as low as 33.5% at 40 kR dose.
4. As is evident from Table 3, a gradual and consistent decrease in percentage of surviving
plants was observed with increase in radiation dose. The survival was 91.5% on 30th day after
sowing (DAS) in control whereas it was only 41.0% at 40 kR. The LD-50 for both the species
under investigation was anything between 30 kR and 40 kR.

In Mz in both F. esculenturn and F. tataricum plants treated with 5 kR showed somewhat
better survival than control.

Table 3: % plant survival on 30th DAS

DOSE M4 Mo Ma

RATE F.esc. F.tat. MEAN F.esc. F.tat. MEAN F.esc. F.tat. MEAN
CONTROL 93.0 90.0 91.5 93.0 89.0 91.0 94.0 91.0 92.5
5 kR 91.0 89.0 90.0 94.0 91.0 92.5 96.0 93.0 94.5
10 kR 89.0 87.0 88.0 91.0 87.0 89.0 93.0 86.0 89.5
15 kR 86.0 83.0 84.5 89.0 80.0 84.5 87.0 87.0 87.0
20 kR 75.0 79.0 77.0 77.0 75.0 76.0 78.0 83.0 80.5
25 kR 70.0 73.0 71.5 68.0 63.0 65.5 63.0 72.0 67.5
30 kR 59.0 60.0 59.5 61.0 61.0 61.0 57.0 70.0 63.5
40 kR 43.0 39.0 41.0 47.0 38.0 42.5 48.0 41.0 44.5
MEAN 75.8 75.0 75.4 715 73.0 75.3 77.0 77.9 77.4

Discussion and conclusions

Alekseeva (1978) has discussed results and prospects of radiation induced mutagenesis in
buckwheat breeding. She has examined the conditions under which mutations occur. She
stated that the main problem in future breeding work will be to reinforce the effects of
directional selection in order to make the most effective use of radiation induced mutagenesis.

The observations on_seed germination and field emergence in_ the two species with
reference to different doses of gamma rays were not consistent. Fig. 1 a & b would indicate
that lower doses in both F. esculentum and F. tataricum reduced the time of field emergence
and the optimum dose for both the species was adjudged to be 10 kR. Though from the
figures there appear a regular curve from the control to 30 kR, the difference in the days to
field emergence between 30 and 40 kR were more marked as compared to any other two
subsequent doses.

Fig. 1a Fig. 1 b
- DAYS TO FIELD EMERGENCE (F. esc.) s DAYS TO FIELD EMERGENCE (F. tat.)

1
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Sharma and Boyes (1962) have found a very highly significant reduction in the length of
sprouting period after treatment with 5 kR to 20 kR X-rays and N-10 to N-25 doses of thermal
neutrons. According to them the seed germination was significantly delayed by about 1 day
(0.88) by 40 kR X-rays (X-40) treatment, whereas the remaining treatments (X-30 and N-33.5)
showed no statistically significant deviations. As regards the total emergence, Fig. 2 a & b
would suggest that the optimum dose for both ~. esculentum and F. tataricum was 10 kR and
from 15 kR to 40 kR there was consistent and steady fall in total emergence. It was
noteworthy that the emergence of radicle from the seeds was quicker at higher doses as
compared to lower doses.

Raghuvanshi and Singh (1974) have observed that the rate of dividing cells in the radicle
during the first few days was faster at higher doses as compared to that at lower doses as
well as control. This may probably be the reason for quick emergence of radicles from the
seeds exposed to acute doses.

Reduction in seed germination percentage has been reported by several early workers also
and the observations of Bhaskaran and Swaminathan (1961), Banerjee (1963), Goud (1967),
Swaminathan and Natarajan (1959) on wheat as well as in other plants support the present
study on Fagopyrum.

Fig. 2a Fig. 2b
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80

| 60

e

P
i

:‘\{{\’\{\.\.\ Q“-‘.:‘.‘.‘ avere

AR R LT R LRIk
SRR S e R R

I T SR A =

) %
0 N
20 ; KA 3 Nﬁ?ﬁ?% NV 2 \\
c 5 10 5 10 1B 20
M, RADIATION DOSE RADIATION DOSE
g M-
M

Observations on plant survival recorded on the 30th DAS in different sets of treatments
have indicated that there was a definite manifestation of damage due to treatments on
germination and there was a gradual fall in percentage plant survival with increase in the dose
rate, from the very beginning. Fig. 3 a & b suggest that in most of the cases the percentages

Fig. 3 a Fig. 3 b
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of surviving plants at different doses of gamma irradiations were more in Mz generation than
in M, and M= which are in agreement with the findings of Sinha and Godward (1972), Malaviya
(1984) in lentils and Banerjee (1963) in breadwheat. Sinha and Godward (1972) have reported
that 63% of total seedlings survived upto two leaf stage at 32 kR dose. The present study
also indicates that LD-50 may be in between 30 kR and 40 kR for both F. esculentum and F.
tataricum. Malaviya (1984), in lentil, reported LD-50 to be in between 10 and 20 kR for the
variety 2327 and in between 20 and 30 kR for the variety 3991.
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RAZISKAVE MUTACIJ PRI AJDI (FAGOPYRUM)
I. VPLIV GAMA ZARKOV NA KALIVOST

Izvie€ek
Semena navadne ajde in tatarske ajde so bila obsevana z gama Zzarki od 0 do 40 kR. S

sevanjem je bila kalitev pri nizkih odmerkih do 15 kR pospesena, pri visjih odmerkih pa je
kalivost hitro padala.
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Mutation studies in buckwheat (Fagopyrum)
Il. Gamma ray induced chlorophyll mutations and vital mutation
frequencies
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Key words: albina, Fagopyrum esculentum, Fagopyrum tataricum, leaf variegation, maculata,
maturity, plant height, stem, yield

Abstract

In Mz and Mas generations of both Fagopyrum esculentum and Fagopyrum tataricum some
viable and non-viable chlorophyll mutants were observed. Their frequencies and spectra were
random. The most frequently appearing mutation was maculata while the least appearing was
albina. F. tataricum was more mutation prone as compared to F. esculentum. Mutation
frequencies on the basis of their appearance in Mz and on the basis of segregation
tendencies in Ms proved to be maximum at 40 kR dose in both the species. Plant height (both
in +ve and -ve directions) was the most mutation prone character and after plant height, the
second most frequently appearing character was the appearance of leaf variegation. £
tataricum showed more variegated leaves as compared to F. esculentum. Yield was the least
affected character in both the species. Five mutants - three in F. esculenium and two in F.
tataricum, have been selected on the basis of their better all round performance over the
control and some other desirable characters.

Material and methods

Seeds of two cultivated species of buckwheat viz. F. esculentum and F. tataricum were
irradiated with gamma rays from a Co®° source at 5, 10, 15, 20, 25, 30 and 40 kR. Irradiated
seeds along with control were sown in completely randomized plots.

Chlorophyll mutants: Immediately after the emergence of the first leaf, screening for
different types of chlorophyll mutants was undertaken. The classification for different types of
chlorophyll mutations was done on the basis of description given by Gustafsson (1940).

Mutation spectra: The spectra of viable mutations observed in F. esculentum and F.
tataricum in Mz and Ms have been represented as follows:

1. Mutation affecting plant morphology:
(a) Changes in leaf characteristics:
() Narrow leaf
() Broad leaf
() Rolled leaf
(IV) Variegated leaf
(b) Changes in stem characteristics:
I Tall
(I Dwarf
(m) stiff straw
(IV) Weak straw
(c) Changes in fertility:
() Sterile
(I) Semisterile
2. Mutations affecting period of maturity:

() Early maturing
(I) Late maturing
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3. Drastic changes

4. Mutations affecting yield:
() High yielding
() Low yielding

Of the above 14 types spectrum has been given for only 8 types. The remaining 6 types of
mutations whose frequency was not high enough have been pooled and shown in the last
column of the Tables as "others".

Results and discussion

Chlorophyll mutations:

According to Gaul (1964), it is customary to use the chlorophyll mutation rate in the Mz
generation as a test of effectiveness of a definite radiation dose. Many workers regard them
as test mutations for vital mutations. Usually it is tacitly assumed that their frequency is
proportional to the mutation rate of vital mutations.

In the present study it was found that distribution of different types of chlorophyll mutations
was random and there was no apparent correlation with treatment or the dose effect.
Non-viable chlorophyll deficient mutants such as albina, however, did not show their
appearance below dose of 25 kR in F. esculentum and below the dose of 20 kR in ~.
fataricum in either of the two generations i.e. M= or Ms. The most frequently appearing
chlorophyll mutations happened to be maculata and striata and the least appearing was albina
(Tables 1, 2, 3 and 4). Tables also indicate that on overall basis, F. tataricum proved to be
more mutation prone (54 for M= and 67 for Ms) than F~. esculentum (45 for Mz and 49 for
Ms). Roik and Alekseeva (1984) investigated chlorophyll mutations in buckwheat, their
frequency and range. According to them lethal mutations, specially of the albina and xantha
types predominated in Mz but viable types were more frequent in Ms. Kurganova et al. (1982)
have studied the functional activity of chloroplasts in relation to the action of gamma
irradiations on seeds. The gamma irradiation of seeds with 0.5 kR increased the cyclic and
non-cyclic phosphorylation of isolated buckwheat chloroplasts. Increased ATP content in plants
from irradiated seeds was accompanied by activation of ATPase activity in the chloroplasts.
Irradiation at 10 kR decreased these processes. The change in photosynthetic activity of
chloroplasts may be the result of structural metabolic shift in seeds produced by irradiation.
D’Amato et al (1952); Bhatia and Swaminathan (1963); Ramanna and Natarajan (1965); Ramula
(1970) and Sen (1979) have suggested that physiological disturbances in the growing plants or
mutations of plastid genes leading to chlorophyll deficient chimeras may be the reason for
such phenomenon. Chun et a/ (1963) observed chloroplast DNA to be highly rich in G-C base
pairs which may be selectively affected by mutagenesis resulting in chloroplast chimeras.

Table 1. Frequency and spectrum of chlorophyll mutation in Mz in ~. esculentumn.

DOSE RATE ~ ALBINA  VIRIDIS  ALBO-VIRIDIS  STRIATA ~ MACULATA  TOTAL ~ MUTATION/1000

CONTROL - - - - - 0 0.0
5 kR - - - 2 3 5 10.6
10 kR - 1 1 - 5 7 15.4
15 kR - - 2 3 3 8 18.0
20 kR - 1 1 1 4 7 18.2
25 kR - 1 1 2 2 6 17.6
30 kR 1 1 = 1 3 6 19.6
40 KR 1 2 = - 3 6 25.5
TOTAL 2 6 5 9 23 45 125.0
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Table 2: Frequency and spectrum of chlorophyll mutation in M= in F. tataricum.

DOSE RATE ~ ALBINA  VIRIDIS  ALBO-VIRIDIS ~ STRIATA  MACULATA  TOTAL  MUTATION/1000

CONTROL
5 kR -
10 kR -
15 kR
20 kR
25 kR
30 kR
40 kR
TOTAL
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Table 3: Frequency and spectrum of chlorophyll mutation in Ms in F. esculentum.

DOSE RATE ~ ALBINA  VIRIDIS ALBO-VIRIDIS ~ STRIATA ~ MACULATA  TOTAL  MUTATION/1000

CONTROL - - - - - 0 0.0
5 kR - - 2 2 3 7 14.5
10 kR - 1 - 3 4 7 15.0
15 kR - 1 - 3 3 7 16.0
20 kR - 1 1 3 3 8 20.5
25 kR - 2 1 - 4 7 22.2
30 kR 1 - 1 - 5 7 24.5
40 kR 1 - - 1 4 6 25.0
TOTAL 2 5 12 26 49 137.7

Table 4: Frequency and spectrum of chlorophyll mutation in Ms in F. fataricum.

DOSE RATE ~ ALBINA  VIRIDIS  ALBO-VIRIDIS ~ STRIATA ~ MACULATA  TOTAL  MUTATION/1000

CONTROL - - - - - 0 0.0
5 kR - 1 - 3 5 9 19.3
10 kR - 3 1 2 3 9 20.9
15 kR 2 2 2 4 10 22.9
20 kR - 1 2 1 7 1 26.5
25 kR 1 1 1 2 4 10 1.7
30 kR 2 1 1 1 6 1 31.4
40 kR 1 1 - 1 4 7 34.8
TOTAL 4 10 7 13 33 67 182.8

Mutation spectra for vital mutations:

The mutation spectra of F. esculentum and F. tataricum in M= and Ms generations for
some important morphological and reproductive attributes are presented in Fig. 1 a & b and
Fig. 2 a & b respectively. In F. esculentum the most frequently appearing mutation was the
appearance of leaf variegation in both Mz and Mas. In F~. faiaricum the height (-ve) was found
to be the most affected character in M=, while appearance of leaf variegation was the close
second. In Mas, however, the leaf variegation was found to be the most frequent character,
while the height (-ve) was a close second. While in Ms in F. esculentum the minimum
appearing frequency was that of early maturing mutants, in all other cases it was that of high
yielding mutants.
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Fig. 1 a: MUTATION SPECTRUM IN M=z IN F. esculentum
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Fig. 2 a: MUTATION SPECTRUM IN Ms IN F. esculentum
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Fig. 2 b: MUTATION SPECTRUM IN Mz IN F~. faftaricum
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Table 5: Mutation spectrum in Mz in F. esculentum.

DOSE RATE TOTAL  LEAF  HEIGHT(+) HEIGHT(-) STIFF STERILE AND EARLY LATE

HIGH  OTHERS

eight (+) @nigh yielding
eight (=) Euthers

MUTANT  VARIEG. STRAV  SEMI STERILE YIELDING
CONTROL 2.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
5 kR 5.0 0.0 1.0 0.0 0.0 0.0 0.0 20 0.0 2.0
10 kR 7.0 0.0 0.0 1.0 0.0 2.0 1.0 0.0 0.0 3.0
15 kR 7.0 0.0 0.0 0.0 2.0 0.0 1.0 0.0 0.0 4.0
20 kR 13.0 3.0 1.0 3.0 1.0 0.0 0.0 0.0 3.0 2.0
25 kR 27.0 5.0 2.0 4.0 2.0 1.0 20 50 20 4.0
30 kR 32.0 8.0 3.0 3.0 1.0 3.0 1.0 2.0 1.0 10.0
40 kR 51.0 11.0 0.0 12.0 4.0 5.0 20 7.0 0.0 10.0
TOTAL 144.0 27.0 8.0 22.0 11.0 9.0 8.0 17.0 6.0 36.0
Table 6: Mutation spectrum in Mz in F. fataricum.
DOSE RATE TOTAL  LEAF  HEIGHT(+) HEIGHT(-) STIFF STERILE AND EARLY LATE  HIGH OTHERS
MUTANT  VARIEG. STRAV  SEMI STERILE YIELDING

CONTROL 7.0 0.0 1.0 0.0 0.0 0.0 1.0 0.0 1.0 4.0
5 kR 9.0 0.0 0.0 2.0 0.0 0.0 3.0 3.0 0.0 1.0
10 kR 11.0 1.0 1.0 0.0 1.0 0.0 1.0 1.0 2.0 4.0
15 kR 21.0 4.0 2.0 3.0 2.0 1.0 3.0 2.0 2.0 2.0
20 kR 23.0 4.0 2.0 4.0 1.0 2.0 4.0 2.0 2.0 2.0
25 kR 29.0 6.0 3.0 8.0 3.0 2.0 0.0 3.0 20 2.0
30 kR 39.0 10.0 0.0 10.0 5.0 3.0 3.0 507 0.0 3.0
40 kR 61.0 14.0 0.0 16.0 8.0 5.0 50 1000 -0:0 3.0
TOTAL 200.0 39.0 9.0 43.0 20.0 13.0 20.0 260 8.0 21.0

19
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Table 7: Mutation spectrum in M3 in F. esculentum.

DOSE RATE TOTAL ~ LEAF  HEIGHT(+) HEIGHT(-) STIFF STERILE AND EARLY LATE  HIGH OTHERS

MUTANT  VARIEG. STRAV  SEMI STERILE YIELDING

CONTROL 5.0 1.0 1.0 0.0 0.0 0.0 1.0 00 1.0 1.0
5 kR 9.0 1.0 3.0 0.0 0.0 0.0 1.0 1.0 3.0 0.0
10 kR 12.0 2.0 3.0 1.0 0.0 0.0 3.0 00 0.0 3.0
15 kR 25.0 5.0 6.0 4.0 1.0 0.0 3.0 1.0 3.0 2.0
20 kR 32.0 7.0 5.0 8.0 2.0 2.0 3.0 1.0 4.0 0.0
25 kR 38.0 10.0 2.0 10.0 0.0 3.0 40 40 0.0 5.0
30 kR 52.0 13.0 2.0 15.0 8.0 8.0 0.0 4.0 0.0 2.0
40 kR 78.0 18.0 2.0 17.0 10.0 10.0 20 6.0 0.0 13.0
TOTAL 251.0 57.0 24.0 55.0 21.0 23.0 7.0 17.0 11.0 26.0

Table 8: Mutation spectrum in Ms in F. tataricum.

DOSE RATE TOTAL  LEAF  HEIGHT(+) HEIGHT(-) STIFF STERILE AND EARLY LATE  HIGH OTHERS

MUTANT  VARIEG. STRAV SEMI STERILE YIELDING
CONTROL 1.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0
5 kR 11.0 1.0 3.0 1.0 0.0 0.0 0.0 1.0 1.0 3.0
10 kR 19.0 4.0 3.0 3.0 1.0 0.0 20 00 3.0 3.0
15 kR 31.0 7.0 5.0 0.0 3.0 1.0 3.0 1.0 5.0 6.0
20 kR 36.0 9.0 5.0 5.0 3.0 2.0 50 3.0 2.0 2.0
25 kR 37.0 9.0 3.0 5.0 5.0 4.0 0.0 40 20 5.0
30 kR 52.0 10.0 0.0 15.0 8.0 7.0 0.0 8.0 0.0 4.0
40 kR 103.0 26.0 0.0 35.0 15.0 12.0 0.0 120 0.0 3.0
TOTAL 290.0 66.0 19.0 64.0 35.0 26.0 11.0 29.0 14.0 26.0

Description of a few selected mutants:
Three mutants in F. esculentum and two in F. fataricum were selected.
|. Selection in F. esculentum:

1. High yielding mutant with condensed axis: This plant was isolated in Mz generation of ~.
esculentum at 15 kR. Morphological characters of plant have been described in Table 9 for
both M= and Ma.

2. An early, dwarf mutant with high branching and condensed axis was selected at 25 kR in
Mz generation. The morphological data for M= and Ms generations have been presented in
Table 9.

3. This high yielding tall mutant was selected at 20 kR. The morphology of the mutant has

been given in Table 9.

Il. Selection in F. tataricum:

1. Dwarf plant with very high yield and condensed axis was selected at 15 kR dose in Mz.

Morphological data of the mutant have been given in Table 10.
2. A tall and early plant with high yield and much longer than normal branches was selected

at a dose of 20 kR in Max.
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Table 9: Growth and yield attributes of some mutants of F. esculentum.

Mutant (1) Mutant (2) Mutant (3)

S.No. Character Mo M Mo Ms Mz Ma
1 Plant height (cm) 43.0 45.5 41.0 44.0 67.0 73.0
2 Leaf area/plant (cm®) 230.0 247.0 217.0 232.0 272.0  300.0
3 No. of branches (primary) 3.0 4.0 5.0 5.0 6.0 8.0
4, No. of nodes 8.0 9.0 9.0 10.0 12.0 12.0
5 Days to bud initiation 32.0 33.0 28.0  30.0 29.0 33.0
6 No. of inflorescences 29.0 34.0 23.0 22.0 32.0 36.0
7 Pollen fertility (%) 80.0 93.0 89.0 90.0 89.0 92.0
8 Yield per plant (g) 1249 14.0 10.2 11.0 14.0 16.5
9. Plant dry veight (g) 19.0 21.0 19.5 23.0 27.0 31.0
10. Crude seed protein content (g/100 g flour) 12.1 12.8 11.3. 1.7 12.0 125
11. Fat content (g/100 g flour) 3.5 3.4 3.1 3.4 3.5 3.5
12. Total carbohydrates (%) 63.8 64.5 61.0 62.3 65.1 65.6

Table 10: Growth and yield attributes of some mutants of ~. fataricum

Mutant (1) Mutant (2)

S.No. Character Mo Ma Mz Ms

1 Plant height (cm) 20.0 23.5 31.5 . 33.5
2 Leaf area/plant (cm®) 311.0 332.0 387.0 410.0
3 No. of branches (primary) 4.0 5.0 6.0 6.0
4, No. of nodes 10.0 12.0 14.0 17.0
5. Days to bud initiation 36.0 33.0 28.0 27.0
6 No. of inflorescences 42.0 47.0 52.0 58.0
7 Pollen fertility (%) 92.0 91.0 90.0 93.0
8 Yield per plant (g) 14.0 17.0 19.2 21.5
9. Plant dry veight (g) 16.5 17.5 24.5 26.0
10. Crude seed protein content (g/100 g flour) 10.7 11.2 10.9 11.5
11. Fat content (g/100 g flour) 3.0 3:2 3.2 3.5
12 Total carbohydrates (%) 67.2 68.0 67.0 69.5

The fact that cytological examination revealed a nearly normal meiosis with no or very little
chromosomal aberrations in all the mutants examined suggests that meiotic irregularities in the
form of chromosomal disturbances were not the cause of mutation. Mutations at the gene level
seems to be the cause of appearance of mutations.

The recent significant contribution of mutation breeding for the crop improvement has not
only resulted in the increased number of induced mutant varieties but also in their better
quality and high yield performances (Sigurbjornsson and Micke, 1969). Earlier it was felt that
the main contribution through induced mutation would be to increase variability and to create
new characters. It may be added that the most significant utilization of mutation breeding
should be to confer specific improvement on a variety without altering its other morphological
characteristics (Varughese and Swaminathan, 1967). This type of application promises to be of
considerable importance in the drive to produce high yielding yet locally adaptable varieties.
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RAZISKAVE MUTACIJ PRI AJDI (FAGOPYRUM)
Il. VPLIV GAMA ZARKOV NA KLOROFILNE IN DRUGE MUTACIJE

lzvlecek

Ugotavijana je bila pogostnost klorofilnih mutacij pri navadni in pri tatarski ajdi.
Najpogostej$a mutacija je bila "maculata" (pegasta), najredkejsa pa "albina” (bela). Pri tatarski
ajdi je bilo ve¢ mutacij kot pri navadni. Glede na rezultate v M2 in M3 generacijah je pri obeh
vrstah najve¢ mutacij nastalo pri odmerku sevanja 40 kR. Visina rastlin (tako visje kot nizje
rastline) in zatem <&rtavost listov sta bili najpogostejsi mutaciji. Malo je bilo mutacij, ki bi
vplivale na visino pridelka. Pet mutacij, tri pri navadni ajdi in dve pri tatarski ajdi, je bilo
obetavnih.
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Abstract

The relationship between development of buckwheat flower traits connected with
heterostyly and flower opening sequence in the raceme and the stage of flowering phase was
studied.

The significant influence of the investigated factors on formation of flower elements was
found.

Introduction

A great number of flowers which are developing on the buckwheat plant in relation to
rather small photosynthetic area of leaves and weak root system of this plant causes that
water and nutrients supplying of flowers appears to be insufficient.

The undernutrition is likely to be a reason of disturbances observed during formanon and
development of some part of generative organs. Together with self-incompatibility and climatic
conditions it could be a significant factor limiting buckwheat yielding (Adachi 1982; Pundri¢ and
Kreft 1982).

As the duration of flowering period is long and flower opening in the raceme is irregular,
the undernutrition might be observed in individual flowers in the raceme, as well as during
different phases of flowering stage. The recognition of these interdependences is very
important in the case of controlled crossing. Obtaining comparable results could be highly
dependent on proper choosing of the flowers for crossing.

The aim of the research work done in the Department of Plant Breeding and Seed
Production in the Agricultural and Technological University in Olsztyn was to establish
interdependence between sequence of flower opening in the raceme and also the stage of
flowering period and development of some morphological organs of flowers of buckwheat cv.
Hruszowska.

Material and methods

Experimental materials were flowers of buckwheat cv. Hruszowska obtained from the
seeds of elite degree in the field conditions. During 24 days flowers were collected from
randomly chosen plants and racemes just after opening. During samples collecting the
sequence of flowering was taken into consideration (from the first to the tenth flower) and also
the stage of flowering period (I - beginning, Il - full, ll - the end of flowering).

The freshly collected buckwheat flowers were fixed in the Carnoy’s fixative (for 1h) and
stored in 70% ethanol in refrigerator. Staining or any other method for preparing flowers to
microscopic study were not used.

in each flower the following were measured: the pistil length (from the base to the end of
the longest stigma), the length of each stamen filament and diameters of 50 stigma cells and
50 pollen grains. The total number of measurements is given in the Table 1.

The obtained crude results were recalculated to pm and after compilation and counting of
respective means variation analysis was carried out. For the estimation of the effect of
flowering sequence the method of contrast was used by comparing respective values obtained
for the first three flowers in the raceme with the data for the other flowers under
consideration.
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Table 1. The values of F function obtained from analysis of variation for morphological traits of
flowers of Hruszowska buckwheat

F empirical value

Source of variation Degrees of Pistil Filament Stigma cell Pollen grains
freedom length length size size

1. Flover kind 1 2363, 25%* 3240.29** 182.43** 837.60**

2. Flover opening sequence 9 7.78*%* 2.74% 4.00** 2.28*

in the raceme including:

3. from I - III to IV - X 1 : 46.17** 4.83* 27.92** 6.89**

4. Interaction 9 0.68 1.39 1.84 1.34

5. Error 180

Total number of measurements 100 785 4620 4830

1’ Flover kind 1 1993.30** 3257.90** 194.59** 278.58**

2' Stage of flowering 2 9.81** 3.11* 30.15** 35.09**

3’ Interaction 2 4.78** 1.7 ba51% 18.96**

4’ Error 174

Total number of measurements 180 1388 5448 6493

* - significant at P = 0.05; ** - significant at P = 0.01.
Results and discussion

The analysis of obtained results showed close correlation between the flower size and
opening sequence. The first three flowers in the raceme were bigger than other. This
interdependence was statisticaly significant for all measured elements of flowers.

The general pattern of changes consisted in decrease of size of measured elements as
succeeding flowers were opening. The course of this interdependence was very similar for
both kinds of buckwheat flower and interaction between flower kinds and flowering sequence
was not significant.

The distribution frequencies for all respective values of studied traits (elements of flower)
were however differentiated (Fig. 1a - 1c). The pistil length was decreasing for both kinds of
flower from the fourth in the raceme while decreasing of filament length was found only for
seventh and eighth flower.

The size of stigma cells was distinctly smaller from the second flower opened in the
raceme and this decrease was more visible for thrum than for pin flower. Mean values of this
trait for the first three flowers in the raceme were significantly higher than respective means
for the other flowers, however gradually decrease of pollen grain size was observed only in
the ninth and the tenth flower. The size of pollen grains in the pin flowers showed other
pattern of variation. For this flower kind the first three flowers formed markedly bigger pollen
grains and in each succeeding opened flower this value was decreased.

The phase of flowering period also significantly differentiated the flower size. The largest
sizes were found for flowers opened at the beginning of flowering and the smallest when they
were sampled in the last week of flowering. The patterns of these changes were different for



25

pm a Ll b um c
1> 46+
: \\ IR
hES 454
29907 ) 4 Stigma cell size
P = P - pin
1 - /--‘\_\./.\. 43
25001 e T
E ™ .
; T 1 42 " T - thrum
1 7z Pollen grain size
: 7 P 39+
2 pistil
1 ~ 10+ 38+ e,
N T length
Ng
-7 371
15004 e %, 36+ )
ey TR AR - 9 filament
/ 354 P s
T 08 5 5 6 .5 65 & & 5 -8 ¢ § 8§ & 1§ T STy T I T =y Iength
123456789101 12345678910 12345678910
sucessive flower in the raceme sucessive flower in the raceme sucessive flower in the raceme

Fig. 1. The etfect of flower opening sequence in the raceme on development ot morphological
traits of buckwheat flowers

two studied flower kinds of buckwheat (except filament length because for this trait the
interaction between phase of flowering and kind of flower appeared not to be statistically
significant). The intensity of changes was dependent on a given trait as well as on kind of
flower. The pistil length for both kinds of flower was nearly the same from the beginning-to the
full of flowering. The decrease of the value of this trait was found only at the end of flowering
and this decrease was much bigger for thrum flowers. Changes of the filament length were
small and had a similar pattern for both kinds of flowers (Fig. 2a). Another type of this
interdependence was found when sizes of stigma cells were studied. Flowers sampled at the
beginning of flowering (both pin and thrum) had the largest stigma cells and distinct decrease
of their sizes was found at the full of flowering and further decrease of this value succeeded
later, but it was more pronounced for thrum flowers (Fig. 2b). Diameters of pollen grains
originated from pin flowers were similar at the beginning or at full of flowering. The decrease
of pollen grains sizes was found for pollen sampled at the end of flowering whereas for thrum
flowers the largest pollen grains were found at the full of flowering period (Fig. 2c).
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Fig. 2. The effect of the stage of flowering period on development of morfological traits of
buckwheat flowers
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It should be stated that sequence of flower opening in the raceme effected flower size
more than the stage of flowering period. Only flowers opened at the end of flowering were
much worse developed than those which opened earlier. In the light of performed studies the
best developed buckwheat flowers were those which were formed from the beginning to the
full of flowering and were opened as one of the first in the raceme.

The interdependence between structure and yielding capacity of buckwheat flowers and
sequence of flowering and flower location on a plant was studied by other authors. Nagatomo
et al. (1949) showed that the first opened flowers in a given raceme had better fruit formation
capacity (according to Adachi ef a/. 1983). ,

In the last year similar problems were considered by Gorina. She found interdependence
between size and fertility of pollen grains and sequence of flower opening (Gorina 1971) as well
as between the duration of seed formation and its germination capacity and flower location on
a plant (Gorina 1980).

The results presented in this paper confirm the opinion that buckwheat flowers have
differentiated value (because not all flowers are capable of forming properly developed fruits)
and flower selection for crossing, or for any other genetic-breeding research work could have
a significant effect on yield quantity of seed material which could be used in further study.

Conclusions

1. The development of buckwheat flowers depends on the sequence of the flower opening in
the raceme as well as on the stage of flowering period.

2. The largest sizes of all studied morphological elements of flowers originating from the
beginning to the full flowering, when they were opened as the first, second or third in the
raceme.

3. Thrum flowers developed at the end of flowering were characterized by more rapid
decrease of values of studied traits in comparison with pin flowers of buckwheat.
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MORFOLOGIJA CVETOV AJDE IN POTEK CVETENJA

Izviecek

Avtorice so raziskovale razvoj cvetov ajde, lastnosti povezane s heterostilijo, zaporedje
odpiranja cvetov v socvetju in stopnje cvetenja.
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Abstract

The variation of traits connected with heterostyly of buckwheat flowers was studied.
Range of variation, modal value for each individual trait were obtained and their respective
distribution frequencies were presented.

Introduction

According to Adachi e/ al/ (1982) heterostyly together with sporophytic incompatibility is
one of the main reasons of low buckwheat fertility. The expression of traits connected with
heterostyly is genetically determined (Kovalenko ef a/ 1980), however the structure of some
flower elements could be modified by environmental conditions (Alekseeva 1967).

The performing of genetical - breeding works which are aimed at obtaining new
self-compatible buckwheat forms by mutagenesis or by selection demands detailed definition of
some traits of the initial plant material in specific environmental conditions.

The aim of presented work conducted in Department of Plant Breeding and Seed
Production in Agricultural and Technological University in Olsztyn was to establish the variation
range and calculation of standard values of morphological elements of long-styled (pin) and
short-styled (thrum) flowers collected from buckwheat plants cv. Hruszowska cultivated in the
conditions of north-eastern part of Poland.

Material and methods

The experimental material were the buckwheat plants cv. Hruszowska growing in the
experimental field from seeds of elite degree.

Flowers were collected in the morning just after opening during the whole flowering period.
Five flower from each randomly chosen plant were sampled. Then they were immediately fixed
in Carnoy's fixative (for 1h) and stored in refrigerator in 70% ethanol at 5 centigrade. Staining
or any other method was not used before observation.

The pistil length (from its base to the end of the longest stigma), length of filaments of
each stamen and diameters of 50 stigma cells and pollen grains were measured in each
studied flower. 206 thrum and 213 pin flowers were worked out. Total numbers of
measurements of investigated traits are given in the Tab. 1. The obtained crude results were
recalculated to ym and tabulated, and after then the results were divided into intervals and
analyzed traits were characterized by basic statistical measures and graphically presented as
respective distributions.

Results and discussion

The analysis of our results showed that the level of differentiation of an individual trait
related to heterostylar structure of buckwheat flower is dependent on the kind of flower.

The pistili and filament lengths of thrum and pin flowers formed separate ranges of
variation (Figs. 1la and 1b) whereas the sizes of stigma cells and pollen grains were more
approximated and variation ranges of these traits were partly covered and gave a common
area (Figs. 1c and 1d).



28

Table 1. The basic statistical measures of studied traits of cv. Hruszowska buckwheat flowers.

[tem Pistil length Filament length Pollen grain size Stigma cell size
Thrum Pin Thrum Pin Thrum Pin Thrum Pin
Arithmetic mean (pm) 1703.97 3056.59 2588.83 1441.96 42.61 34.92 9.63 11.52
Weighted mean (pm) 1707.74 3058.86 2591.08 1445.30 42.54 34.54 9.63 11.53
Modal value (pm) 1838.46 3146.15 2631.98 1382.90 43.04 35.49 9.57 11.41
Minimal value (pm) 891.34 2282.70 1717.46 869.60 19.35 17.98 3.36 5.50
Maximal value (pm) 2195.75 3734.70 3376.00 2004.50 63.86 58.05 16.46 23.74
Standard deviation (pm) 243.55 259.73 211.28 155.64 6.50 4.46 1.81 2:01
Variability coefficient (%) 14.26 8.49 8.15 10.77 15.28 12.91 18.75 17.50
Total number of measurements 206 213 1597 1623 5864 8501 6114 6316
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Fig. 1. The distribution frequency of studied traits in natural population of cv. Hruszowska
buckwheat.

The length of thrum flower pistil ranged to a rather wide extent (from 800 to 2200 pm),
however 93.2% of these pistils measured from 1300 to 2100 pm and this interval was
recognized as typical for this kind of buckwheat flowers.

The most numerous group among the pin flowers (93.3%) were flowers of pistil length
ranging from 2600 to 3500 pm. The modal values of this trait for two kinds of buckwheat
flowers are showed in Tab. 1.
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The length of stamen filament of typical thrum flower ranged from 2100 to 3000 pm and it
was almost two times that of pin flower (respectively, from 1100 to 1800 pym). The percentages
of flowers whose filament length was beyond the ranges of variation mentioned above were
relatively small (from 2.5 to 3.1).

The variation of two kinds of buckwheat flowers with respect to two other traits e.i.: sizes
of stigma cells and pollen grains was much smaller, although modal values ot these traits were
distinctly different. Diameters of stigma cells measured in thrum flowers ranged from 7 to 13
pm for 90.1% of studied plants and this value in pin flowers ranged from 8 to 15 pm and 60%
of both kind of flowers belonged to common area of variation (Fig. 1c). The variation of pollen
grains size showed a similar pattern. In spite of a substantial difference between modal values
(431 pm for thrum and 35.5 ym for pin flowers) 50% of both kinds of flowers formed pollen
grains belonging to the common variation area.

However buckwheat is a typical cross-pollinating plant, it was found that other types of
pollination (illegitimate and selfing) resulted in f{ertilization and normal fruit development
(Pauseva et al 1971, Kusiorska et al/ 1986) and it could be related to the smaller extent of
differentiation of both kinds of flower with respect to sizes of stigma celis and pollen grains.
Variability coefficients obtained for all studied traits of thrum and pin flowers were relatively low
and it showed that the expression of heterostyly was mainly dependent on plant genotype. Up
to now the structure and action of genes determining buckwheat heterostyly has been the
subject of detailed studies (Adachi ef a/ 1980). Generally higher variation observed in the
group of thrum flowers could be related to their heterozygosity.

It should be pointed out that for each studied trait basic statistical measures (arithmetic
mean, weighed mean and modal value) were very close and distribution frequencies of those
traits were symmetrical and therefore it could be concluded that population of Hruszowska
buckwheat is established and genetically equilibrated. )

Also it should be mentioned that selection conducted towards forms characterized by
changes in flower structure could result not only in changes of variation range for individual
trait, but also in a different shape of variation curve.

In the light of the results presented herein pistil and filament lengths should be recognized
the main diagnostic traits because their variation ranges were distinctly different and well
defined. The other traits (sizes of stigma cells and pollen grains) could be recognized as
additional selection indicies and as it was mentioned above their measurements needed much
manual work.

Conclusions

1. The level of differentiation of variation ranges of the morphological traits related to
buckwheat heterostyly are to a great extent dependent on the kind of studied trait.

2. The pattern of variation of studied flower elements showed that they were formed on
genetic background and environmental conditions had a minor value.

3. The variation ranges and modal values obtained for an individual trait could be recognized
as typical for Hruszowska buckwheat and treated as comparative values in genetic and
breeding studies.

4. The frequencies distributions of studied traits showed remarkable homeostasis level in
natural population of Hruszowska buckwheat.
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VARIRANJE LASTNOSTI HETEROSTILIJE CVETOV AJDE

lzviecek

Prouc¢evane so lastnosti, povezane s heterostilijo cvetov ajde. Raziskava je pokazala, da je
variiranje proucevanih lastnosti cvetov ajde odvisno predvsem od dednosti in manj od razmer
v okolju. V proucevani ajdi Hruszowska je ugotovljen visok nivo homeostaze za proucevane
lastnosti.
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Introduction

It is very important to study buckwheat diseases in order to gain a more reliable yield.
Buckwheat can be attacked by thirty kinds of fungi belonging to twenty-two different genera
(Hohrjakova 1969). In terms of frequency and severity of diseases, viruses come afterwards.
Eighteen kinds of viruses causing buckwheat disease are already known (Klinkowski 1968).
Bacteria and mycoplasmas are not so numerous. We know much less about them. We are not
aware of the literature systematically treating all the buckwheat diseases, or of detailed data
on buckwheat diseases. Sometimes the agents of diseases are merely mentioned; descriptions
are far from comprehensive.

We began to study buckwheat diseases a few years ago. In co-operation with geneticists
and breeders we found some diseases not previously known in Yugoslavia, or some new
places being infected by already known agents. Fungus diseases are our prime concern, while
virus and bacterial disease agents have not been found here yet. Fungi can affect buckwheat
all the time from its emergence till harvest, foliage being most infected.

The diseases found in Yugoslavia are discussed first, followed by those found in some
other parts of the world. The article treats the location of different kinds of parasites, their
biology, disease symptoms and measures of protection against some of them.

Fungus diseases

Fungi are the most frequent agents of buckwheat diseases worldwide. Our findings
indicate that this holds true for our climatic conditions. Soil parasites cause the decay of
germinating seed, dumping-off of seedlings, root and stem rot. Some of diseases attack foliage
and inflorescence, the others infect only leaves or stems and form characteristic mycelium
coverings. Some kinds of fungi cause leaf spots of different shape and colour. Infected leaves
die and drop off.

Peronospora fagopyri Elen.

The disease was first found in Bretagne (France). Ducomet (1910) described the
morphological properties of its agent and disease symptoms; but he did not identify it. In 1922,
this fungus was examined by Elenev (Sidorova 1965), and named Peronospora fagopyri. In
1929, the fungus was found in Poland by Siemaszko, and named Peronospora ducometi
Siemaszko et Jankovska (Siemaszko did not know Elenev’'s work). In 1934, Siemaszko
mentioned that Peronospora ducometi was a synonym for Peronospora fagopyri Elen. The
disease was later found also in some other countries. In 1934, the fungus was described in
Japan by Tanaka (Kochman, Majewski 1970), and in Rumania by Savulescu (1948). Jankowska
(1929) and Studzinska (1968) from Poland also reported on this disease (Zimmer 1978).

In 1977, it was found on research plots and commercial buckwheat fields in Manitoba
(Canada) by Zimmer.

Lindtner (1957) did not find the disease in Yugoslavia, but he urged phytopathologists to
give attention to the possibility of emergence of this pathogen in northwestern parts of
Yugoslavia, especially in Slovenia.

In the same year, (1957) Janezi¢ found this fungus in Dravsko polje and listed it in "Indeks
rastlinskih bolezni v Sloveniji" (Index of plant diseases in Slovenia).
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In the beginning of this decade, it was singularly found in northeastern parts of Slovenia.
In 1987 and 1988, it was found on experimental plots near Ljubljana.

The fungus is described in French literature by Férault (1984), in Russian by Duvinevich
(1961), Sidorova (1963, 1965), Hohrjakova (1969), Jakimenko (1982), Elagin (1984) and Peluiko
(1987). According to the statements of Peluiko, the disease is much spread in the Soviet
Union.

Referring to the last information (Mannandhar 1988), the pathogen is the most serious
agent of buckwheat diseases in Nepal.

The leaves roll during the day. Chlorotic spots can be seen on upper sides of leaves. A
greyish covering at the bottom side of the infected leaves (fig. 1) can only be seen early in the
morning; when it is cloudy or rainy, also during the day. In warm and sunny weather, the
conidiophores and conidia, forming this covering, lay down in such a way, that it is not easy to
observe them. The fungus affects the leaves of younger plants, so as of those in "boot" stage
or flowering stage. At first, the foliage situated just above the ground is affected, later on, the
disease spreads quickly upwards. It may spread all over the plant. Damaged leaves die and
drop off. Internodes grow shorter because of the disease. The quantity of seed is reduced.

Fructification organs, conidiophores with their conidia, grow singularly or in smaller groups
(two or three together) through stomata from the bottom side of the leave. Conidiophores are
dichotomously branched out (fig. 2). They are 400 pm high and have about 10 ym in diameter.
They end on two dents, 5-10 ym long. Sidorova (1965) states morphological properties of the
fungus, dependant on different growing areas of the Soviet Union. The conidiophores found on
the buckwheat cultivated in the region of Kursk were 322-370 pm long and 9.3 pm wide; but
in the region of Orel they were 232-403 pm long and 12.4 pm wide.

On conidiophores, there are oval conidia, greyish in colour, about 25 pm long and 15 pm
wide. The data referring to the size of conidia vary a lot. Sidorova (1965) says that they ‘are
25 pm long and 14 pm wide. According to Zimmer (1978), their average length is 24 pm and
breadth 15 pm.

The mycelium overwinters in dead parts of infected buckwheat. In these parts oospores
are formed (Jakimenko 1982, Elagin 1984). Oospores cause the primary infection, the
secondary being caused by conidia. The fungus can overspend winter in the seed, so it can
be transferred by infected seed as well. It attacks Fagopyrum esculentum Moench and
Fagopyrum tataricum (L.) Gartn. Inoculation of some other plants of the same family
(Polygonum aviculare L., P. lapatifolium L., Rumex acefosa L. and Rumex acefosella L.) by
Peronospora fagopyri was not effective (Sidorova 1965).

One of limiting factors regarding the dissemination of this buckwheat disease is shortage
of moisture. Elagin (1984) states that some cultivars are more often attacked than others.
Peluiko (1987) says that early cultivars are more susceptible to the disease than late cultivars.
Elagin (1984) ascertained the reduction of yield for 30%, Jakimenko (1982) for 20%. There is
not much data on disease control. Our experience proved fungicide metalaxil to have good
effects when applied in recommended doses as soon as the first symptoms of disease are
detected.

Erysiphe polygony D.C.

The fungus parasitize 357 species of plants belonging to 157 different families (Viennot -
Bourgin 1949). According to the statements of Kirchner (1923) and Jaczewsi (1927) (quoted by
Blumer 1967), it does not frequently live on buckwheat. The fungus is mentioned in Japanese
literature as well. Ferault (1984) says that the disease affects just its leaves and stems. The
parasite spreads quickly in dry and warm weather. It infects Polygonum and Rumex species,
too.

In Slovenia, it was found individually in the form of a powdery covering on the leaves of
buckwheat (fig. 3) grown in agricultural experimental field of Biotechnical Faculty of Ljubljana.
The covering was formed by conidiophores and oidia.
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\
Fig. 1. Disease symptoms caused by Peronospora fagopyri Fig. 2: Conidiophore (a)
a) Characteristic covering and conidium (b) of
b) Characteristic covering, necrotic spots and death of a part Peronospora fagopyri
SI. 1: Bolezenski znaki, ki jih povzro¢a gliva Peronospora Sl.2: Trosonosec (a) in
fagopyri tros (b)glive Peronospora

a) Znacilna previeka fagopyri
b) Znaéilna previeka, nekrotiéne pege in odmrli del lista

Ramularia spp.

This leaf spot disease is known in some countries but cases of serious damages are rare.
It is studied by Sando (1956) in America, and by Elagin (1984) and Hohrjakova (1969) in the
Soviet Union. Hohrjakova says that there are three species which parasitize buckwheat. These
are: Ramularia anomala PK. (= R. rufomaculans PK.), Ramularia curvula Fautr. and Ramularia
fagopyri Abrahmov. The first one is included in the index of host plants of North America by
Seymour (1929). The disease is also listed in Japan research literature (Soba Syubyoo 1981).

These fungi are spread all over Yugoslavia (Janezic 1957). They infect the leaves of
buckwheat at the time of flowering, especially when the weather is wet and warm. The spots
of ditferent size and assymetrical shape appear on leaves. Delicate coverings on bottom sides
of leaves are limited into small spots by veins.

When the infection is strong, the whole bottom area of the leaf is covered. The covering is
made by conidiophores which are in clusters. On conidiophores, there are cylindrical or spindle
- like conidia. They are hyaline or bright yellowish. The infected leaves first get yellow, then
they turn brown and after that they drop off. More and more plants are affected by conidia
while growing. The fungus overwinters in the form of conidia or mycelia in the remaining parts
of diseased plants.

Ascochyta fagopyri Bresad.

Spottiness of buckwheat caused by the fungus Ascochyta fagopyri Bresad. is reported by
Russian researchers (Hohrjakova 1969, Jakimenko 1982, Elagin 1984) and others. It is dealt
with by Lindau (1922), Seymour (1929), and Soba Syubyoo (1981). According to the statement
of Janezi¢ (1957), it is spread all over Yugosiavia. In 1982, it was also found on buckwheat
grown in experimental fields of Biotechnical Faculty of Ljubljana. It atfects leaves and stems.
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Brownish spots, darker in the middle, appear on leaves (fig. 4). Small black dots situated
inside the spots are pycnidia of fungus A. fagopyri with two-cellular pycnospores. Pycnidia
measure 130-140 pm in diameter, pycnospores are 16-18 pm long and 6-7 pm wide. The
disease causes 5-7% damage to the yield of buckwheat. During the plant growth, the disease
is spread by pycnospores. The fungus spends winter in the form of mycelia or pycnidia in the
remaining parts of infected plants. The disease can be transferred by seed as well.

Fig. 3: Disease symptoms caused by Erysiphe Fig. 4: Disease symptoms caused by Ascochyia
polygoni fagopyri

Sl. 3: Bolezenski znaki glive Erysiphe polygoni Sl. 4: Bolezenski znaki, ki jih povzroca gliva
na listu Ascochyta fagopyri

Phyllosticta polygonarum Sacc.

This fungus disease affects the leaves of buckwheat. We do not know much about it. It is
mentioned by Hohrjakova (1969) in the Soviet Union, by Soba Syubyoo (1981) in Japan, and by
Seymour (1929) in America.

It was detected and determined in agricultural experimental field in the neighbourhood of
Ljubljana (Yugoslavia) in 1982.

The symptoms of disease are bright brown spots with reddish margins. Their shape is
assymetrical. There is a lot of dark dots on them, which are pycnidia. In pycnidia, there are
one-cellular oval pycnidiospores. Their length is 4 pm, their breadth 2-2.5 pm. We do not have
much information on the conditions tor its spreading and on severity of damage it causes on
buckwheat crop.

Sclerotium rolfsii Sacc.

The fungus was found on buckwheat called F. sagiftatum in India (Karnataka) by Kulkarni,
Siddaramaiah, Hegde and Hosmani (1378). The disease affected mainly the seedlings, also the
germination was worse. The damage caused was up to 20%.

This fungus affects about 150 plant species of various genera (Macek 1983). It can be find
in tropical and subtropical countries, also in some parts of Europe. It is a quarantine disease in
Yugoslavia. lts favourite temperature is 25-30°C, and air humidity 80-90%. In the form of
sclerotia, it remains in soil and in seed.

Among seed microflora, there are some other fungi on buckwheat in India (Singh, Sindhu,
Singhal, 1984). Buckwheat seed is particularly affected by Aspergillus fumigatus Fres.,
Curvullaria pallescens Boedijn. and Fusarium oxysporum Schlecht.

The microflora of buckwheat seed was examined also by Mils and Wallace (1971) in
Canada. So were the possibilities of fungicide usage for disinfection of seed. Among fungi,
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Cladosporium spp., Cephalosporium spp., Streptomyces spp., Aspergillus candidus Link. et Fr.
and Penicillium spp. are mentioned.

Rhizoctonia spp., Sclerotinia spp., Fusarium spp., Bolrytis spp., Phytopthora spp.

According to the statements of McKenzie, Duczek and Verma (1972) from Canada
(Saskatchewan), root rot and stem base rot on buckwheat (fig. 5) is caused by fungi belonging
to the following genera: Rhizoctonia spp., Sclerotinia sclerotiorum (Lib.) de By, Fusarium spp.,
Botrytis spp. The fungus of Rhizoctonia genus was isolated from roots, and Fusarium spp.
Sclerotinia sclerotiorum from stems. These fungi were also proved some years later by Morall
and McKenzie (1975). Hohrjakova (1969) found out that beside the above mentioned Sclerotinia
sclerotiorum also Sclerotinia fagopyri Hory caused the stem rot.

Fusarium species causing the root rot are reported by Sidorova (1965). Fusarium spp.
disease affects buckwheat mainly in wet season. The following fungi were isolated from
diseased plants: Fusarium heterosporium Nees et Fr., F. oxysporum Schlecht et Fr. var.
orthoceras (App. et Wr.) Bilai, F. gibbosum App. et Wr. var. bullatum Sherb Bilai. The fungi of
the same species cause also tracheomycoses. Fusarium species usually develop on weak
plants because of mechanical injuries, virus diseases and because of other reasons that
diminish plant resistance.

Buckwheat rot is caused by fungus Phytophthora cactorum lLebert (Appel 1928) too.
Beside this fungus, Hohrjakova mentions also the species P. fagopyri Takimoto, which causes
the root and the stem rot.

Alternaria alternata (Fries) Kreis

This parasite was found on buckwheat (Fagopyrum esculentumn) in Canada (Zimmer 1974),
and on Fagopyrum saggittatum in India (Siddaramaiah, Kulkarni, Hosamani 1979). In the Soviet
Union, Hohrjakova (1969) lists also another species named A. fasciculata C. et. E. Jones et
Grant. It infects seeds, stems and leaves. A/fernaria spp. on buckwheat is described by some
other authors (Jakimenko 1982, Elagin 1984) as well.

The disease symptoms are chlorotic leat spots, uniformly distributed or dispersed, having
concentric margins. They are circular, oval or oblong in shape. Each spot has a greyish centre
and a brownish margin. Many conidia are arranged on a conidiophore, they are multi-cellular,
club-shaped, turned upside down (fig. 6). Siddaramaiah et al. (1978) report that the length of
spores is 21-60 pm, and their breadth 8-19 pm. Mills and Wallace (1971, 1972) found Alternaria
spp. also on buckwheat seed. They cause poor germination and damping off. In Canada, the
fungus A. alternata was isolated from seed by Zimmer (1974).

Fig. 5. Root and stem root Fig. 6: Conidia of the fungus Alternaria alternaia
Sl. 5: Koreninska in stebelna gniloba Sl. 6: Konidiji glive Alternaria alternata
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Botrytis cinerea Pers.

The perfect stage of fungus Botrytis cinerea is Sclerotinia fuckeliana (de Bary/Fuck). The
fungus is widespread on numerous cultivated plants and weeds. It is a saprophyte and a
facultative parasite.

It is one of economically important parasites attacking buckwheat in the Soviet Union
(Sidorova 1965, Pak, lodko 1971, Jakimenko 1982, Elagin 1984) and in Canada (Mills, Wallace
1971, 1972; Morrall, McKenzie 1972, 1975).

In Slovenia, it was found by Janezi¢ (1957) in Ljubljana neighbourhood. The fungus infects
buckwheat from germination till harvest. It causes dumping-off of seedlings (Mills, Wallace 1971,
1972). It also affects stems which rot. Morall and McKenzie (1975) found 14.5% of infected
stems of buckwheat in Saskatchevan, here and there the leaves were infected, too. According
to the statements of Jakimenko (1982), it affects mainly leaves, stems and inflorescence of
buckwheat, the crop being reduced for 40-50%. According to the findings of Elagin (1984), the
plants are more infected towards the end of flowering time. That causes 40-50% of loss.
Botrytis rot is one of the most important diseases of buckwheat in the Soviet Union, which can
reduce the crop from 1.5 to 2 times (Sidorova 1965). When it emerges in flowering time, the
seeds are stunted and do not grow ripe.

Botrytis cinerea is one of the most widespread fungi on the world. Its conidia can be
found everywhere. They are able to affect less resistant cultivars and those already injured by
other kinds of parasites. Conidia germ in a drop of water, hyphae pass through undamaged
epiderm and spread through the plant intracellularly. After some days, a grey surface occours,
made of conidiophores and conidia. Conidiophores are branched out. One-cellular conidia are
connected by short sterigmata, normally five, six or even more together. The sizes of
conidiophores and conidia vary a lot and depend much on host plants. Sidorova (1965)
examined this parasite in a pure culture, isolates were of different origins. Conidia in isolates
from the area "Orlovskaja oblast” (Soviet Union) were 9.86 pm long and 8.15 pm wide on
average. Conidia in isolates from Altaja were 11.03 pm long and 8.04 pm wide.

Fungus remains in soil in the form of sclerotia, which optimally form on soil surface up to
10 cm deep. Their formation is worse up to 20 cm underground. The fungus prospers in humid
conditions, therefore it is much spread in wet soil. Elimination of infected plants, their
ploughing under and mineralization are the three important ways of control. Sowing must not
be too close, there must not be too many weeds, fertilization should be optimal. The
resistance of cultivars against this disease has not been examined yet (Sidorova 1965). Elagin
(1984) states that there are no cultivars resistant against this disease but some of them are
more tolerant. Pak and lodko (1971) mention thermotherapy as a kind of control. Two hours at
50°C reduced the infection of buckwheat from 16% to 8%. Yield was higher, too. Mills and
Wallace (1971, 1972) studied ditferent kinds of fungicides being effective against this disease in
germination stage of seed. Plants can be infected from emergence of the crop till harvest;
therefore fungicides should be used also in later stages of growth, but, according to our
information, they are not. Experience shows that it is not possible to get satisfactory results by
using fungicides to control this fungus. It looks to be necessary to prevent the emergence of
Botrytis rot on buckwheat mainly by means of agrotechnical and other measures of prevention
giving vigour to plants.

Bipolaris sorokiniana Sacc. et Sorok. Shoem.

The fungus Bipolaris sorokiniana Sacc. et Sarok. Shoem. (the perfect stage of which is
Cochliobulus sativus (Ito et Kurib.) Drechsler et Dastur) was found on buckwheat of Canada
by Zimmer (1974). It has not been found in Slovenia till now.

On the leaves of buckwheat it causes small spots with vividly coloured margins. In
Canada, the disease appeared either at the beginning of flowering or later in the time of lush
inflorescence. The fungus was isolated from seed, too.
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Cercospora fagopyri Abramov., Cercospora polygonacea Ell. et Ev.

The disease is studied mainly by Russian authors (Hohrjakova 1969, Jakimenko 1982,
Elagin 1984) The fungus is mentioned by Japanese literature (Soba Syubyoo 1981). From time
to time, buckwheat in Nepal (Manandhar 1988) is affected by this disease, which is not very
severe.

Its symptoms are leaf spots, round in shape (fig. 7). They measure to one cm in diameter,
and are brighter in the centre. In these spots, conidiophores and multi-cellular conidia are
formed.

The disease is getting worse during the growing period of plants. The first signs of
damage can be seen before the time of flowering. Infection is strong in that time and later.
Leaves are getting dry and the quantity of yield can be diminished up to 5% (Jakimenko 1982).
The fungus spends winter in the form of mycelium or in the form of conidiophores and conidia
on the remaining parts of diseased plants.

Fig. 7: Disease symptoms caused by Cercospora spp.

Sl. 7: Bolezenski znaki, ki jih povzroca dliva
Cercospora spp.

Virus diseases

Viruses are an important kind of parasites. They may cause a great damage. On
buckwheat, several viruses have been found (Férault 1980, 1984). The disease symptoms they
cause are: bands along veins, chlorotic and necrotic spots, leaf deformations, dwarfing.
Tobacco mosaic virus, cucumber mosaic virus, and fire blight virus are the three often
examined Kinds of viruses, which cause a considerable damage.

Tobacco mosaic virus

Tobacco mosaic virus infects numerous plants belonging to 120 diiferent genera. On
buckwheat, it was first found by Grant (1934). It was studied by Russian literature (Krotov
1969a,b) but it was not found on buckwheat in France (Férault 1984). It causes chlorotic spots
and deformations of leaves which dry. The disease causes growth disturbances and
diminishing of yield. Virus particles are transferred by juices and by mechanical contacts.
According to Krotov (1969a), aphides do not transfer these viruses.

Cucumber mosaic virus

This virosis is discussed by Russian (Krotov 1969a,b), French (Férault 1980, 1984) and
other literature. Buckwheat cultivation can be severely damaged by this kind of parasites. Such
a virus has numerous hosts (over 300). It infects cucumbers, melons, peppers, tomatoes and
weeds. The first symptoms of disease on buckwheat show a month after sowing and develop
quickly. Discoloured areas appear among leaf veins which sometimes become brighter and
deformed. Assymetrically distributed reddish mottles appear on the leaves of mature plants and
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turn dry. The injuries of lower leaves are greater than those of the leaves situated in upper
etages. The youngest leaves look healthy. Affected plants are normally 20-30 cm smaller than
healthy, vigorous ones.

The virus is transierred by aphids, not by seed. We should try harder to cultivate more
resistant cultivars (Férault 1980).

Fire blight virus

It is much spread on buckwheat in the Soviet Union (Sidorova 1965, Hohrjakova 1969,
Alekseeva, Sevéuk, Kolosjan 1988). The first symptoms of disease show in the "boot" stage.
The diseased planis are smaller, their development is stunted. Plants remain for 36-52%
smaller than others. The disease was examined by a group of experts in the Soviet Union
(Alekseeva et al. 1988).

Internodes are shorter, nodes get thicker, shoots and inflorescence become stunted.
Infected inflorescence later turn dry. Flowering time is longer. Infected grains do not germinate.
The seeds of affected plants are not suitable for further propagation. Germination energy is
also reduced. The fertility of affected plants is usually lower. It is reduced to 75-85%. The
symptoms of disease can be seen on leaves. They get necrotic spots, later they turn dry.
Such plants look burned. Secondary shoots form. Clorotic and mosaic - like patterns emerge
on leaves.

The virus causing fire blight on buckwheat belongs to the group of rhabdoviruses. lIts
properties are examined by Alekseeva ef a/. 1988.

According to Krotov (1969), fire blight is transmitted by aphids. Alekseeva et al. (1988)
found seventeen different kinds of vectors transmitting this disease (Aphis evonymi,
Psamotettix siriatus, Aphallara exillis, Cymnocerata etc.). Seed and pollen do not transmit this
virus which also cannot remain in dead plant parts.

The time and the way of sowing are important to control the disease. Early sown
buckwheat was hardly affected. The infection of lately sown crops was increasing. When the
seeds are sown too close, the crop is more affected. According to the statements of Soviet
experts, the fire blight does not attack all the cultivars to the same degree. Alekseeva et al.
(1988) quote seven cultivars being more or less resistant against this disease.

Krotov (1969b) deals also with other viruses, causing diseases of buckwheat. They are:
Ruga verrucosanas var. bresiliesis, Dodder latent mosaic virus and Aster yellows virus.
According to Klinkowski (1968), there are eighteen different viruses attacking buckwheat.

Bacterial diseases

Buckwheat diseases caused by bacteria are not numerous. Nevertheless, some of them
affect this crop very seriously. There is not much information on this kind of diseases
(Avezdzhanov, Avezdzhanova 1982).

Bacterium solanacearum (Smith) Smith is much spread over the world. It has already been
found nearly on all the continents. Besides buckwheat it infects also other plants of
Polygonaceae.

In the Soviet Union, there are three other kinds of bacteria affecting buckwheat
(Avezdzhanov, Avezdzhanova 1982). Plants are infected in the "boot" stage and in the
beginning of flowering time. Bacierium proteamaculans (Paine et Stansfield) Ell. causes reddish
rimmed spots on leaves, usually connected on margins. Xanthomonas heteroceae (Wsorow)
Savulescu causes yellowish rimmed spots on leaves. Pseudomonas angulata (Fromme et
Murray) Holland causes assymetrical, necrotic spots with narrow, green margins. The central
parts turn yellow first, then the tissue falls out. All the three kinds of bacteria are transferred
by buckwheat seed. Avezdzhanov and Avezdzhanova (1982) examined twelve fungicides for
disinfection of seed and proved TMTD to be the best.
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Conclusion

The economic significance of buckwheat diseases in Yugoslavia and all over the world is
closely connected with the quantity of buckwheat. The dissemination of single kinds of
parasites depends on the sensitivity of cultivars, on climatic conditions and on agrotechnical
measures (time of sowing, planting density, manuring, rotation of crops). Some special
attention must be paid to parasites described although not found on buckwheat yet, but
already attacking other host plants. Such parasites are: Bolrytis cinerea, Sclerotinia
sclerotiorum, Rhizoctonia and Fusarium spp., Alternaria alternata. Virus and bacterial diseases
causing serious damage to the buckwheat cultivation should be carefully observed. Their
control is based on optimization of growing conditions and on breeding of new, more resistant
cultivars. In some cases, the disinfection of seed with fungicides or with thermotherapy is
recommended. The data on the use of fungicides during the vegetation or on other ways of
control are scarce.
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BOLEZNI AJDE

Izviecek

Clanek opisuje predvsem doslej najdene glivicne bolezni ajde pri nas (Peronospora fagopyri,
Erysiphe polygoni, Ramularia spp., Ascochyta fagopyri, Phyllosticta polygonarum) in drugod po
svetu. Virusne in bakterijske bolezni na tej poljscCini v Sloveniji Se niso ugotovljene, sicer pa
nekatere ze resno ogrozajo pridelovaje ajde v Franciji, Sovjetski zvezi itd.
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Grain and leaf characteristics of perennial buckwheat (Fagopyrum
cymosum Meissn.)
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In Kashmir the genus Fagopyrum is represented by four cultivated species viz. F.
esculentum Moench, F. sagittatum Gilib., F. tataricum Gaertn. and F. kashmirianum Munshi
(Munshi 1986). However, the farmers seem to be aware of only two types of buckwheat, i.e.
common buckwheat (F. esculentum) and coarse buckwheat (F. sagiftatum). Various aspects of
the four buckwheats have been reviewed by Tahir and Farooq (1988).

The perennial tetraploid species (Fagopyrum cymosum Meissn.) grows wild in temperate
Himalayas. Plants of this species produce only few seeds which fail to germinate. ~. cymosum
is principally a fodder plant. However, the leaves are cooked and eaten as vegetable; besides
the grains are used in digestive disturbances (The Wealth of India, 1956). The species is
cytologically and morphologically distinct and stands out unambiguosly as a separate taxon
(Gonhil et al. 1983). However, during our field trials it was observed that the flowering pattern of
F. cymosum resembles that of F. esculentumn in that both produce white flowers and are
heterostylous outcrossing species.

Table 1: Grain and leaf characteristics of Fagopyrum cymosum.

S.No. Parameter

s 100 grain weight (g) 165 = 0.08
25, Grain size (mm) length 6.2 t 0.42
breadth 3.1 + 0.31
3. In air dried grain hull % 35.25 " 1 3.22
groat % 64.73 <+ 3.22
hull groat ratio 0.55
4. In oven dried grain hull % 34.97 = 3.95
groat % 65.01 =+ 3.95
hull groat ratio 0.54
5. Leaf thickness (pm) 127.12 = 11.23
6. No. of chloroplasts 9.4 £ 1.5
per cell
7 Palisade cell size (pm) length 26.27 + 3.98
breadth 10.69 = 2.19
8. Stomatal frequency/mm® lover surface 204.32 = 47.29
upper surface 14.85
9. Stomatal index lover surface 22.12 = 4.53
upper surface 1.30
10. Stomatal size (pm) length 26.32 == 1.78
breadth 17.92 = 1.16
11. Pore size (pm) length 19.39 = 1.86
breadth 4.16 = 0.8
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The present note reports various grain and leaf characteristics of F. cymosum (Table 1).
For the sake of comparison; the grains, groats and plants of the five species of Fagopyrum
are shown in (Figs. 1 - 3). It was observed that F. cymosum possesses a lower grain weight
as compared to the other four species, but the grain size resembles that of F. esculentum (for
comparison, see Farooq and Tahir 1982). A higher stomatal frequency in F. cymosum could
contribute to its efficient growth.

Fig. 1. Grains of five species of
Fagopyrum  photographed soon
after harvest. From left to right are
arranged grains of F. esculentum,
F. sagittatum, F. kashmirianum, F.
tataricum and F. cymosum.

Fig. 2: Dehulled grains (groats) of
five species of Fagopyrum
photographed soon after harvest.
From the top are arranged groats
of F. esculentum (I row), F.
sagittatum (Il row), F. kashmirianum
(Nl row), F. tataricum (IV row) and
F. cymosum (V row).

Fig. 3: Plants of five species of
Fagopyrum in pot culture
photographed at eight weeks
growth. From left to right are
arranged pots with plants of ~
esculentum, F. sagittatum, F.
kashmirianum, F. tataricum and F.
3 cymosum.
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KEMICNA SESTAVA LISTOV TRPEZNE AJDE (Fagopyrum cymosum Meissn.)

lzviecek

Raziskane so lastnosti listov trpezne ajde, ki kot tetraploidna oblika raste divje v zmernih
predelih Himalaje. Rastline te vrste dajejo le malo semen, ki ne kalijo. Uporablja se jo za
krmo, liste pa se lahko kuhane uporablja kot zelenjavo. Tako kot prava ajda je tudi trpezna
ajda heterostilna in tujeprasna. Podani so podatki o masi in velikosti zrn, o odstotku Ius¢in v
zrnju (35%), o debelini listov in o listnih rezah. Listnih rez je okoli 200 na mm#=, kar je ve¢ kot
pri navadni ajdi. U¢inkovita rast je lahko povezana z velikim Stevilom listnih rez.
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Abstract

A pot culture study was carried out to compare growth and yield characteristics of the
four species of Fagopyrum viz. F. esculentum, F. sagittatum, F. ({tataricum and F.
kashmirianum. The percentage of seedling emergence was uniformly high in ~. esculentum, F.
sagitiatum and F. kashmirianum, but in F. tataricum seedling emergence was comparatively
low. Besides, the appearance of first leaf was somewhat delayed in F. tataricum. Flowering
and subsequent grain formation occurred earlier in F. esculentum than in the other three
species. F. tataricum outyielded other three species under pot culture conditions. Each of the
four species studied here possesses an indeterminate growth habit. The growth span of ~
tataricum extended over 15-16 weeks, during which period formation of new grains continued.
A relatively short growth span characterized the other three species.

Introduction

Among the pseudocereals, buckwheats (Fagopyrum Spp., Fam. Polygonaceae) are
economically important primarily due to their edible and protein rich grains, hardiness of plants,
short growth span; besides foliage being used as a green vegetable (Tahir and Farooq, 1983,
1985; Narain, 1983). Four species of Fagopyrum viz. F. esculentum Moench, F. sagittatum
Gilib., F. tataricum Gaertn. and F. kashmirianum (Munshi, 1982) have been reported to grow in
mixed stands at various high altitude areas of Kashmir, where the constraints of adverse
climatic conditions permit the cultivation of short duration crops only such as buckwheat (Gohil
et al 1983). The crop has received a renewed attention throughout the world owing to its
agronomic potential and nutritional status.

Only a little and an incomplete information is available on various phytometric
characteristics of buckwheats. Keeping this in view the present experiment was conducted to
study some growth and yield characters of buckwheats in pot culture. Moreover the
experiment was necessitated by a high incidence of grain shattering observed in F. tataricum
under field conditions resulting in the lowest yield as also the lowest harvest index for this
species (Tahir and Farooq, 1983).

Materials and methods

Plants of each of the four species of Fagopyrum viz. F. esculentum, F. sagittatum, F.
tataricum and F. kashmirianum were raised in 10" earthenware pots filled with 3:1 mixture of
garden soil and sand after the central drainage hole was covered with a wad of glass wool to
facilitate adequate drainage and root aeration. For each species there were 3 pots. After
emergence, abnormal seedlings were removed and the plants were thinned to five uniformly
spaced seedlings per pot. The pots were irrigated with water daily and each pot received 250
ml of full nutrient solution at weekly intervals (Hewitt and Smith, 1975).

Observations on growth, flowering and grain formation were recorded for each of the four
species. Grains of each of the four species were periodically collected to avoid loss due to
shattering particularly in F. tataricum. After senescence, when there was no further grain
formation, the plants were harvested. The number of the primary lateral branches was counted
for each of the four species. The number of grains pooled over the time were counted for
each of the four species. The number of grains pooled over the time were counted for each of
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the four species. The oven dry weight of the pooled plants was determined after drying the
plant material in a forced draught oven at 70°C tfor 48 hours. Air dry weight of the pooled
grains for each species was determined after drying the grains for 10 days in open shade and
weighed to determine their air dry weight. Harvest index was computed from these data by the
formula:

Grain weight in g

Harvest index = . - x 100
Plant dry weight in g

Results and discussion

In pot culture studies, some differences were observed between F. fataricum and the rest
of the three species in respect of seedling emergence. As compared to a low percentage of
seedling emergence in F. fataricum, the other three species uniformly showed a high
percentage of seedling emergence (Table 1). A higher percentiage of seed germination as also
seed viability has been reported in F. esculentum, F. sagittatum and F. kashmirianum as
compared to F. tataricum (Tahir and Faroog, 1983). It would appear that the massive hulls in F.
tataricum as reported by Farooq and Tahir (1982), restrict seed germination in this species.
The appearance of first leaf in F. fataricum was somewhat delayed owing to a slower initial
growth. That the onset of flowering and subsequent grain formation occurred first in £~
esculentum and last of all in F. tataricum is suggestive of the early flowering and early
maturing character of F. esculentum. The growth span of F. fataricum extended over 15-16
weeks and formation of new grains continued during this period. A relatively short growth
period of 10-12 weeks, however, characterises the remaining three species. Thus, a short
growth span together with a relatively higher seed germinability and viability, quicker seedling
growth and higher emergence potential under field conditions in F. esculenium, F. sagittatum
and F. kashmirianum suggest a higher seed vigour in these species compared to F. fataricum.
These observations largely substantiate the the assumption made by Gelmond (1978) that seed
vigour is particularly pronounced in short duration crops. In F. fataricum, grains shattered as
they matured, a character regarded unsuitable for a cultivated grain crop. Moreover, all the

Table 1. Seedling emergence and growth and yield characteristics of four species of
Fagopyrum in pot culture.

Parameters F.escul. F.sagit. F.kash. F. tatar.
Days to emergence 6 6 6 6
days 12 78 90 86 38
percent after 14 86 92 94 44
emergence soving 16 86 94 94 48
Days to unfolding of first leaf 12 12 12 17
Days to flover 31 40 38 42
Day to onset of grains 42 a7 48 54
Number of grains per plant at harvest 19 39 53 102
Grain veight (g/plant) at harvest 0.410 0.590 0.886 1.654
Dry veight (g/plant) at harvest 2.10 2.43 2.91 4.60
Harvest index 19.62 24.27 30.44 35.95
Number of primary lateral branches 2.40x0.10 4,33%1.00 4.00£0.10 5.0x0.35

Growth period in veeks 10-12 10-12 10-12 15-16
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four species studied here are characterized by an indeterminate growth habit, which restricts
yield, since a sizable number of grains go waste at harvest, being at various stages of
maturity.

Taking into account the grains shed from plants of F~. fataricum, when a comparison was
made of the net grain yield in the four buckwheat species, F. fataricum not only gave the
highest grain yield per plant but also maximum dry matter and the largest number of primary
lateral branches at harvest (16 weeks growth) as presented in Table 1. When the weight of the
shattered grains was included in computing harvest index for F. fataricum, maximum value
was obtained for this species, which suggests that F. faiaricumn apparently outyields the other
three species. Under field conditions, however, lowest grain yield and harvest index is obtained
for this species (Tahir and Fafooq, 1983). The potentiality in ~. fataricum of producing relatively
larger number of grains, could perhaps be exploited in a breeding programme aimed at
incorporating sheeding resistance in this species as has also been suggested by Kreft (1980).

F. esculentumn produced lesser number of grains as also lower dry weight per plant which
inturn resulted in a lower harvest index (Table 1). The lower harvest index in F. esculentum
could be attributed primarily to a high incidence of floral abortion (Tahir and Farooq, 1983).
Although the floral abortion in F. esculenium has been attributed to heterostyly (Tahir and
Farooq, 1987), yet the causative factors underlying floral abortion in ~. esculenium need further
elucidation.
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RAST IN PRIDELEK STIRIH VRST AJDE V KASMIRJU
Izviecek

V lonénem poskusu so bile primerjane rastline navadne ajde (Fagopyrum esculentum),
konicastolistne ajde (F. sagittatum), tatarske ajde (F. tataricum) in kasmirske ajde (F
kashmirianum). Odstotek vznika rastlin je bil visok pri navadni, konic¢astolistni in kasmirski ajdi,
a razmeroma nizek pri tatarski ajdi. Poleg tega se je pri tatarski ajdi prvi list pojavil nekoliko
kasneje. Cvetenje in prva semena so bila pri navadni ajdi nekoliko prej kot pri ostalih treh
vrstah. V lonénem poskusu je dala tatarska ajda najvecji pridelek. Vse S§tiri proucevane ajde
so imele nedeterminantno rast. Rast tatarske ajde je trajala 15 - 16 tednov, ob koncu tega
obdobja so se $e pojavljala nova zrna. Obdobje rasti je bilo krajSe pri ostalih treh vrstah.
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Several authors have discussed the general structure of the buckwheat kernel (Pomeranz
and Sach 1872, Kreft and Javornik 1979, Marshall and Pomeranz 1982) where the only allusion
to the germ has been to describe the two large cotyledons (occasionally three) folded like an
"S" through the endosperm. The embryo proper, however, also an integral component of the
germ has not been discussed.

The germ in general, is of high nutritive value as most of the buckwheat proteins are
concentrated in this seed structure (Pomeranz 1973, Eggum et al. 1981, Javornik 1983, 1986;
lkeda 1987). According to Shiratori and Nagata (1987) and Shiratori (personal communication)
the proteins of buckwheat are very important for the production of soba noodles in Japan.
Therefore, the kernel structure has a bearing on the noodle-making quality of the buckwheat
flour. This technological value of buckwheat grains may be improved by breeding for larger
germs.

In this preliminary study, 15 samples from the buckwheat gene bank at the Biotechnical
Faculty of the University of E. Kardelj Ljubljana, were used. The buckwheat kernels were
individually sliced into 20 cross-sections from top to bottom and each section was
microscopically examined to estimate the relative size and location of the embryo proper.

It was possible to locate the embryo in the sections taken from the terminal end of the
kernel. In other sections, only the folded cotyledons could be seen. As for the quantification of
the embryo and cotyledons, only relative estimates were possible because these velues
changed significantly according to where the sections were taken from. The embryo proper
was relatively small, consisting of less than 10% of the total germ. A fluorescence micrograph
of a cross-section taken from the tip of a kernel, is presented on the cover of this issue of
Fagopyrum.

It is desirable to develop a simple, quick, inexpensive and preferably a non-destructive
method for estimating the exact location and size of the embryo proper in the seed, as
influenced by genetic variability. This could be very useful for breeding purposes. The
preliminary microscopical method here presented, does not seem to be very practical
However, quantification by image analysis of a significant sample of seeds, may prove to be
beneficial. Another possible method could be nuclear magnetic resonance (NMR). This method
has been successfully used in the area of corn breeding for higher oil content (Ratkovi¢ 1982)
and in the studies on the variation of germ size in barley (Kreft et al. 1986).

References

Eggum B.O., Kreft |, Javornik B. 1981. Chemical composition and protein quality of buckwheat
(Fagopyrum esculentum Moench). Qual. Plant Foods Hum. Nutr. 30: 175-179.

lkeda K. 1987. Analysis of the inhibitory factors against the protein digestibility of plant
foodstuffs. Kyoto University. 1-105.

Javornik B. and Kreft |. 1980. Structure of buckwheat kernel. Buckwheat, Symp. Ljubljana,
Sept. 1-3, 1980: 105-113.

Javornik B. 1983. Nutritional quality and composition of buckwheat proteins. Buckwheat
Research 1983, Proc. 2nd Intl. Symp. Buckwheat Miyazaki, 7-10 Sept.: 199-212.

Javornik B. 1986. Buckwheat in human diets. Buckwheat research 1986, Proceedings of the 3rd
International Symposium on Buckwheat, Pulawy, Poland, 7-12 July 1986: 51-78.

*Permanent address of the second author: Biotehniska fakulteta, Univerza E. Kardelja, 61001
Ljubljana, Yugoslavia



48

Kreft I. and Javornik B. 1979. Buckwheat as a potential source of a high-quality protein. Seed
protein improvment in cereals and grain legumes, |AEA, Vienna: 377-384.

Kreft I., Rutar V., Luthar Z., Javornik B. 1986. Ugotavijanje velikosti kalcka in vsebnosti olja z
NMR pri Zlahtnjenju visokolizinskega jeémena. Zbornik BF 47: 25-31.

Marshall H.G. and Pomeranz Y. 1982. Buckwheat : description, breeding, production, and
utilization. /n: Advances in Cereal Science and Technology, Ed. Y. Pomeranz, St. Paul,
Minnesota. pp. 157-210. ;

Pomeranz Y. and Sachs |.B. 1972. Scanning electron microscopy of the buckwheat kernel.
Cereal Chem. 49: 23-25.

Pomeranz Y. 1873. A review of proteins in barley, oats, and buckwheat. Cereal Sci. Today: 18:
310-315.

Ratkovi¢ S. 1982. The use of pulsed 'H NMR techniques in breeding new high oil hybrids of
maize. /n: New Techniques and Applications of Magnetic Resonance, Eds. R. Blinc and M.
Viltan, IJS Ljubljana.

Shiratori R. and Nagata Y. 1986. Utilization of buckwheat in modern Japan. Fagopyrum 6:
23-46.

RAZISKAVA VELIKOSTI KALCKA V ZRNIH AJDE
lzvliecek

Pri dosedanjih Studijah zgradbe zrn ajde so avtorji porocali predvsem o tem, kako sta klicha
lista razporejena v endospermu, manj pa so se posvecali samemu kalcku v oZjem pomenu
besede. Aviorja sta ugotovila, da je kalcek v zgornjem delu zrna ajde. Ugotovljeno je tudi, da
na osnovi prerezov zrn ajde ni mozno sklepati o relativnem delezu kalcka v semenu ajde. Za
to bi bila verjetno primernejsa metoda nuklearne magnetne resonance, ki se je pokazala kot
uspesna ze pri koruzi in jeCmenu.
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Abstract

Efficacy of some herbicides and their combination was tested in buckwheat, grown as a
catch crop in 1988 in the region of Slavonia. In terms of weed infestation, the dominating
species by individual plant mass were Dicotyledoneae, which were under prevailing conditions
of arid climate more competitive than Monocotyledoneae. The most efficient combination of
herbicides in this trial was Bravo + Dicofluid MP Combi at a rate of 5 + 2.5 I/ha.

Introduction

As a catch crop buckwheat is usually cultivated mainly in the north-western part of SR
Croatia. It is less known that this important crop has been regularly cultivated on some
production farms of the Slavonia region. For instance, at the acreage of WO Feri¢anci
buckwheat has been successfully cultivated as catch crop for the past two decades. This was
the reason to do some floristic investigations in buckwheat grown in this area of north-eastern
part of SR Croatia (Knezevi¢ et a/ 1987), which were also done in SR Slovenia (Ratnik 1977,
Bohanec and Retelj 1986) and in some other countries (Vlasova 1976, Komenda et/ al 1980,
Friesen and Campbe!l 1985).

This paper presents the results of investigation on floristic composition and quantitative
share of weed species in buckwheat, as well as efficacy of herbicides applied to weeds in
1988.

Material and methods

The herbicide etficacy for control of weeds in buckwheat was investigated on a flat terrain
with pseudogley soil type in the frames of acreage belonging to Agricultural WO Feri¢anci,
where the buckwheat cultivar Siva was planted in 1988 on July 11, following the wheat crop.
The sowing was done in narrow continual rows with a distance between the rows of 12.5 cm
and in the row of 12 cm. Prior to sowing the soil was fertilized with 200 kg/ha of NPK 10:30:20
and 150 kg/ha of urea. Dressing was done prior to flowering of the crop with 100 kg/ha of
nitrogen fertilizer (27% of KAN).

The trial was established on the plots of 25 m? size and by the block method with four
replications. The following herbicides and their combinations were tested: Dual 500 EC, Bravo,
Targa, Dual 500 EC + Deherban A, Dual 500 EC + Dicofluid MP Combi, Bravo + Deherban A
and Bravo + Dicofluid MP Combi. All chemicals except Targa were applied on the same day
after sowing, while the Targa chemical was applied in time when the weed species of
Monocotyledoneae developed thrze to six leaves (August 25). The rates, mode of application
and active ingredients of chemicals are presented in Table 1.

Weed infestation of the crop was found in all variants of the trial by counting the number
of weed shoots per m® and after 15, 30 and 60 days of treatment with herbicides. At the same
time, phytotoxicity of herbicides for buckwheat was visually estimated according to EWRC. The
mass of dry matter of weeds per m® was determinated at time of full weeds development in
the season and on the plots where simultaneously the buckwheat was harvested by hand
(October 314. The grain yields with 14% of moisture were expressed in kg/ha. Clima conditions
in the year of investigation are presented by the clima diagram according to Walter (Fig. 1).

The nomenclature of plant species was taken according to Ehrendorfer (1973). The data
were processed according to usual statistical methods (Snidikor and Kohren 1971).



50

Table 1. Comparison of herbicides as of their active ingredients, mode of application and rates
of application to buckwheat

Herbicide Contents of a. 1. Rates (1l/ha) Mode of application
Dual 500 EC 50% metolachlor 3 after soving
Bravo 48% alachlor 5 after soving
Targa 10.4% quizalofop-ethyl 1.5 after emergence
Deherban A 46% 2,4-D 1.5 after soving
Dicofluid MP Combi 43%  mecoprop+13% 2,4-D 2.5 after soving
°C FERICANCI mm
1988 10.9° 654,46 mm
/\ ﬂ -100 (150)
i \
4‘1 A
40 1 A ‘ - 80(120)
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Fig. 1. Clima diagram according to Walter for Feri¢anci in 1988

Results and discussion

In composition of weed flora of this buckwheat a total of 14 species were evidented out of
which four were species of Monocotyledoneae and the remaining belonging to Dicotyledoneae
(Table 2). Among Monocotyledoneae a dominating species was Echinochloa crus galli with an
average of 72 plants per m#® and that in September, when the buckwheat was in the stage of
flowering (September 10). Prolonged dry period in the summer months retarded the growth of
this late spring weed species so that it was less numerous in buckwheat in 1988 than in
former years (Knezevi¢ ef al 1987). This is also confirmed by considerably lower values of
average plant dry matter share of 15.8 g/m= for individuals of Echinochloa crus galli in control
plots just prior to harvesting.

Among the Dicotyledoneae the most numerous species was Chenopodium album with an
average of 21 individuals per m2 and share of dry matter mass of 12.8 g/m* in the weed
composition. In total mass of Dicotyledoneae of 167.8 g/m=, 88% of share belonged to
Raphanus sativus var. oleifera species, which is also cultivated as stubble crop in this region
with an objective to provide green manuring of production plots, but infesting later the
buckwheat to a considerable extent. Other Dicotyledoneae such as Amaranthus retroflexus,
Ambrosia artemisiifolia, Polygonum lapathifolium, Solanum nigrum and Stellaria media achieved
lower values of mass (7.4 g/m®) in this weed composition. The climate conditions in the
investigated year favoured more to the development of Dicotyledoneae, which infested the
buckwheat more than Monocotyledoneae.
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A, Dual 500 EC + Dicofluid MP Combi and Bravo + Deherban A were not quite effective in
killing of broadleaved weeds and had efficacy coefficients for Dicotyledoneae ranging from
39.1% to 81.5%. The most effective combination of herbicides in control of Dicotyledoneae
weeds was Bravo + Dicofluid MP Combi at rate of 5 + 2.5 I/ha, with an efficacy coefficient of
87.4%.

The yields of buckwheat grain varied according to variants from, in average, 1117 kg/ha to
1935 kg/ha on treated plots. The differences in yields were statistically very significant between
the lowest on the control plot and yield attained with treatments of Bravo + Dicofluid MP
Combi, Bravo + Deherban A, Bravo, Dual 500 EC + Deherban A and Dual 500 EC + Dicofluid
MP Combi, as well as significant between the control and variant Dual 500 EC, what justifies
the application of preemergence herbicides in buckwheat. The best results were attained in
plots which were treated with combinations of herbicide chemicals Bravo + Dicofluid MP Combi
at rate 5 + 2.5 I/ha, where the infestation was the lowest one and the buckwheat uniform and
with the highest yield of grain.

The climate conditions during the summer months with shorter or longer periods of
drought have significant and various effect on the efficacy of herbicide chemicals applied for
weed control to buckwheat. This is particularly pronounced in semiarid region of SR Croatia,
what imposes the need for further investigations in various climatic years aiming at proper
choice of the most effective herbicides for the weeds control in buckwheat cultivated in this
region.

Table 2. Number of weed species individuals per m* in the stage of buckwheat flowering

(10.9.1988)

Treatment Control Dual Bravo Dual 500 EC Dual 500 EC Bravo + Bravo + Targa
500 EC +Deherban A + Dicofluid Deherban A Dicofluid

Rate (1/ha) 3 5 3+15 3+25 5+1.5 5+28 1.5
VEED SPECIES
Monocotyledoneae
Digitaria sanguinalis (L.) Scop. 0.9 - - - - - - -
Echinochloa crus galli (L.) PB.  72.0 0.3 - 1.0 0.3 - 0.5 -
Setaria glauca (L.) PB. 1.5 - - E - - 0.3 -
Triticum vulgare L. 0.5 - - - - - - -
Total 74.9 0.3 - 1.0 0.3 - 0.8 B
Efficacy coefficients (%) 99.6 100.0 98.7 9.6 100.0 98.9 100.0
Dicotyledoneae
Amaranthus retroflexus L. 2.8 - B - - - - 6.0
Ambrosia artemisiifolia L. 0.3 0.3 0.6 0.3 0.3 0.3 0.3 -
Chenopodium album L. 21.0 105 2.8 15.8 10.0 2.8 1.8 3.5
Diplotaxis muralis (L.) DC. 0.3 - - - - - - 0.3
Hibiscus trionum L. 0.5 - - - - - - 0.5
Polygonum Iapathifolium L. 2.0 1:00 0.5 0.8 1.0 0.8 0.8 1.5
Raphanus sativus L. var. oleifera 8.5 2.3 b 6.8 3.8 3.3 2.0 4.3
Solanum nigrum L. 1.0 - - - - - - -
Stellaria media (L.) Vill. 2.0 - - - - - - 8.5
Veronica persica Poir. 0.5 - - - - - - 0.5
Total 38.9 171 114 23.7 7.2 49 251
Efficacy coefficients (%) 5.0 70.7 39.1 81.5 87.4
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Table 3. Comparison between the number of buckwheat plants and weed plants on sprayed
and control plots and effect of herbicides on the seed yield

2

No. of plants per m

Treatment Rate Efficacy coefficients Grain yield
1/ha Buckvheat Veeds (%) kg/ha
Control - 137.5 113.8 - 117
Dual 500 EC 3 165.3 17.4 84.71 1465
Bravo 5 137.8 1.4 89.98 1848
Dual 500 EC + Deherban A 3+1.5 155.5 24.7 78.30 1749
Dual 500 EC + Dicofluid MP Combi 3+25 134.3 15.4 86.47 1792
Bravo + Deherban A 5+15 140.0 7.2 93.67 1877
Bravo + Dicofluid MP Combi 5+25 141.5 5.7 94.99 1935
Targa 148 150.5 25.1 77.94 1375
LSD 0.05 328
0.01 446
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KONTROLA KOROVA U HELJDI NA PODRUCJU SLAVONIJE

Izvod

) U. heljdi, na podru¢ju Slavonije ispitano je u 1988. godini djelovanje nekih herbicida i
njihovih kombinacija na korovne vrste. Najefikasnija kombinacija herbicidnih preparata bila je
Bravo + Dicofluid MP Combi u dozi od 5 + 2.5 I/ha.
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Abstract

The leaf dry matter, leaf area and Specific Leat Area (SLA) in three stages of stand
development (1 - plants with 6 to 8 leaves, 2 - full flowering, 3 - most grain mature) of two
buckwheat (Fagopyrum esculentum WMoench) cultivars (diploid cv. Siva and tetraploid. cv.
Bednja 4n) were studied. The differences among cultivars and all three stages were found
statistically significant. It is shown by linear regression that leaf dry mass gives a good
estimate of leaf area for both cultivars with an accuracy of 99%.

Introduction

Growth analysis is still a powerful method for estimating net photosynthetic production and
for analysing physiological adaptations of different species in terms of their partitioning of
carbohydrate into leaves and other organs such as roots or seeds. It is based on
measurement of plant dry weight and leaf dimensions made at intervals on growing plants or
plant stands.

Estimation of leaf area is an essential component of plant growth analysis and
evapotranspiration studies. At present a great variety of methods are available for leaf area
measurement (Ross 1981). The estimation of leaf area by direct methods is time-consuming
and expensive. Therefore we tried to establish a relationship between leaf area and leaf dry
matter, knowing that a close correlation exists between them. (Pearce ef a/ 1969, Aase 1978,
Ramos et al. 1983). .

Specific Leaf Area (SLA) is defined (Hesket and Jones 1980) as the ratio of leaf area (A)
to total leaf dry matter (W). Some authors use the same term SLA for ratio of leaf area to
fresh weight of leaf (Larcher 1980). SLA is not constant during plant development, due to
different leaf adjustments to light environment (Bjorkman 1981), temperature (Hesket and Jones
1980) or to partitioning of carbohydrate into leaves. SLA increases as the temperature
increases, or the leaves become lighter. There are also differences among different species
(Driessen 1987) and even among cultivars of the same species.

Knowledge of buckwheat growth characteristics regarding relations between leaf area and
leaf mass are still incomplete in spite of some studies (Kajfez-Bogataj and Knavs 1985, Farooq
and Tahir 1987). So we focused our research on the study of these components of buckwheat
growth analysis.

Material and methods

A 2 x 3 factorial experiment in a randomized complete block design with four replications
was conducted on gleic soil at Ljubljana (46° 04 N latitude and 14° 31 E longitude and at an
altitude 300 m above sea level). Specific leaf area was studied on two buckwheat cultivars
(diploid Siva and tetraploid Bednja 4n). Plants were sampled at three different development
stages: plants with 6 to 8 leaves (31 days after sowing), full flowering (52 days after sowing)
and most grain mature (76 days after sowing). Plants were sown on 26 May 1986 on 24 plots
(0.6 m x 1.0 m each) in 3 rows per plot (spaced 0.2 m apart) with density 40 seeds per row.
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At each sampling only plants from center row were cut, leaves were removed and dried. Leaf
area per plant was established by using a photoelectric areameter (LI-COR model LI-3050-A).
For the estimation of leat weight the herbarized material was dried in an owen at 105°C for 1
hour. The results were analysed using analysis of variance and standard regression and
correlation methods.

Results and discussion

Summarizing statistical analysis in an ANOVA table we get Table 1. The resuits show that
stage of development has a very decided effect on SLA and that type of cultivar also affects
value of SLA but there is no significant interaction. The fact that two curves on Fig.l are
nearly parallel demonstrates little or no interaction between cultivars and stage of
development.

Table 1: ANOVA for cultivar and stage of development: 2 x 3 with 4 blocks per cell

source df F
treatments 5 44 60**
-cultivars 1 5.41*

-stages of development 2 108.77**

-interaction 2 0.03
blocks 3 0.61
error 15

It is obvious that in the stage of full flowering, SLA has maximum value for both cultivars
and minimum at the end of growing period, which represents around 60% of maximum value
(Table 2). The value of SLA for cultivar Siva is about 10% higher than for Bednja 4n through
the whole growing period. The average value of SLA over both cultivars and over three stages
of development is 26.3 m?kg™', which corresponds quite good to the average values of SLA
for others crops (barley 25 m3kg™, soybean 26 m2kg™', wheat 20 m3kg™, rice 25 m%kg™)
found in literature (Driessen 1987).

SLA
m2kg1
30 <
20+ S
Siva
10 0 e e Bednja 4n -
A A L ] day 1.
30 40 50 60 70

Fig. 1: Specific leaf area for two buckwheat cultivars at three stages of stand development
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We were also interested in a functional relation between the leaf dry matter and the leaf
area. We fitted a straight line to set of paired observations (W - leaf dry matter per plant and
A-leaf area per plant) for each cultivar and for each development stage. The mathematical
expression for six different lines which were obtained is A = aW + b, where a represents the
slope and b the intercept. The correlation coefficients which provide a measure for goodness
of fit are highly significant (from 0.949 to 0.979). The leaf dry matter is found to be very
accurate estimate for leaf area in buckwheat. By substituting the leai dry mass in the
regression equations given in Table 2 one can easily estimate the leaf area with an accuracy
of 99%. Two examples of linear regression are presented as illustration of small residual errors
on Fig. 2.

Table 2: Specific leat area parameters : number of plants (N), mean value (mean), standard
deviation (SD), maximum (max) and minimum (min) value and regression coefficients:
slope (a), intercept (b) and correlation coefficient (r) for two buckwheat cultivars: Siva
(S) and Bednja 4n (B) at three stages of developments (1,2,3)

SPECIFIC LEAF AREA REGRESSION (A = aW+b)
N mean SD max min a b r
(m*kg™") (m®kg™")  (m?)

S1 131 27.9 5.03 45.3 15.0 22.45 0.59 0.950%*
S2 141 33.6 6.87 54.2 16.5 25.14 1.54 0.952**
S3 98 19.7 5.20 37.4 10.7 16.26 0.47 0.950**
B1 137 25.9 4.63 51.8 18.7 20.68 0.59 0.949**
B2 124 29.9 4.99 49.0 20.7 26.07 0.70 0.979**
B3 119 18.1 3.94 30.2 11.6 15.21 0.36 0.954**

25}

20t

| w & w

1 1 1 1 1 L ! 1 4

) 02 04 06 08 10 (g) o 02 04 06 08 1.0 (g)

Fig. 2 : Examples of linear regression for relation of leaf dry matter to leaf area per plant at
stage of full flowering for: a - cuitivar Siva and b - cultivar Bednja 4n
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Conclusion

The present study suggests that specific leaf area of buckwheat (F. esculentum M.)
changes during stand development, reaching its maximum value in the middle of growth period
in stage of full flowering. Considerable ditferences might be expected among different cultivars.
Strong correlation between leaf dry matter and leaf area is evident for both studied cultivars
throughout the growing period.
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SPECIFICNA LISTNA POVRSINA PRI DVEH KULTIVARJIH AJDE V RAZLICNIH FAZAH RASTI

lzvieéek

Na osnovi 2 x 3 faktorskega poskusa (setev 26/05 - Zetev 1/09) z dvema kultivarjema
ajde (diploida Siva in tetraploidna Bednja 4n) smo v treh razli¢nih fazah rasti (1 - rastline z 6
do 8 listii 2- polno cvetenje in 3- tik pred zZetvijo) v Stirih ponovitvah, statisticno obdelali
podatke o listni povrSini in suhi masi listov na rastlino. Ugotovljena je bila specificna listna
povrsina (SLA) in izratunane so bile linearne regresijske zveze med maso listov in listno
povrSino za oba kultivarja in tri faze rasti. Razlike med specificnimi listnimi povrSinami so
statisticno znacilne tako med kultivarjema kot tudi med posameznimi fazami. Tudi vse podane
regresijske zveze so mocno statisticno znacilne in tako s podatki o suhi masi listov lahko s
tveganjem manjsim kot 1% ocenimo listno povrsino.
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Abstract

Studied determinate buckwheat exhibits characters which may help to control buckwheat
growth and development and this may be the basis for an ideotype of high yielding buckwheat
(Figs. 1-4).

More intense branching may be controlled by higher density, higher optimal density in
determinate buckwheat may be one of the important factors for achieving higher yields. Higher
density in buckwheat may even increase existing good competitive ability of buckwheat in
comparison to most weeds.

Introduction

Buckwheat is a crop of some importance in Nepal, India, Pakistan, Afghanistan, Iran,
China, Japan, Korea, USSR, Poland, Hungary, Yugoslavia, Denmark, France, Canada, USA
and Brazil. Growing of buckwheat has also been reported from Bhutan, CSSR, Austria,
Switzerland, Italy, Great Britain, Finland and Australia.

Buckwheat is a typical low input plant. Many buckwheat varieties have a very short
vegetation period. Some domestic buckwheat populations in Yugoslavia need only about 60
days from sowing to harvest. It is an undemanding crop, grown on sandy soils poor in nitrogen
and on stony fields. Higher doses of nitrogen fertilization cause lodging. Buckwheat is a good
utiliser of soil phosphorus (Andersen and Thomsen 1978), but modest fertilisation with
phosphorus may sometimes improve yields. Buckwheat roots have good K/Na selectivity
(Eggers and Jeschke 1983).

Common buckwheat needs a relatively high temperature for germination (about 10°C), but
at optimal temperatures (about 20° C) and moisture it may emerge in 2 or 3 days after
sowing. Buckwheat has relatively low optimal temperatures (Kajiez-Bogataj and Gaberscik
1986) and is thus chilling resistant. But it is not freezing resistant, it is damaged at
temperatures of about -2°C (Gaberscik ef a/. 1986).

Buckwheat is not sensitive to diseases and pests and there is normally no need for
application of insecticides, fungicides or herbicides. In Yugosiavia, most harm to buckwheat is
caused by roe-deer, and sometimes by birds.

Buckwheat has low yields, mostly in the range 0.5 to 2 tonnes per hectar, yields have not
changed much in this century. Wheat yields have in this time increased five to ten times.
Common buckwheat is a cross pollinated self-incompatible plant and thus is not suitable for
improvement by conventional plant breeding methods. So it still has poor response to high
rates of fertilizers, has an indeterminate growth habit, is not lodging resistant, ripening of
kernels is not simultaneous and the first ripe kernels often fall off before last kernels are ripe.
Usually buckwheat plants have many more flowers than they are able to bear or fill kernels.
Overproduction of flowers is significant waste of organic matter, water and minerals from the
point of view of allocation of photosynthates, although a part of them are probably removed
from the flowers before they desiccate.

In short: buckwheat is today much more simmilar to a weed or even to a wild plant than
to a modern high-yielding crop.

To improve buckwheat yields, it is necessary to form an ideotype of high yielding
buckwheat.

Material and methods

Growth and development of comparable buckwheat types with respective genes for dwarf and
determinate growth were studied.
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Results and discussion

Lodging resistance could be improved by dwarfing genes and by genes for the determinate

growth habit. The determinate types are very promising.

Studied recessive gene for the determinate growth habit from a sample of Yugoslav origin
has pleiotropic effects: cessation of further growth of the apex and of development of new
leaves and inflorescences; earlier and more uniform ripening of kernels, less shedding of
kernels; higher number of kernels per inflorescence; plants are lower and more resistant to
lodging; development of plants, flowering and ripening time are less photoperiodic sensitive;
and the harvest is relatively early, when the leaves are still green. After the cessation of
further growth of the apex of the main stem, more intense side branching appears.

Fig. 1

Fig. 2: Development pathway in buckwheat when sink is too large in relation to available
photosynthates.

Sink too small.

v

Relative overflow of photosynthates.

v

New growth and new flowers initiated, use of
photosynthates for the new growth, new sinks.

v

Relative shortage of photosynthates.

v

"Sterile” flowers, abortion of many developing kernels,
kernels not completely filled.

Development pathway in buckwheat when sink is too small in relation to available
photosynthates.

Sink relatively too large.

v

Relative shortage of photosynthates.

v

"Sterile” flowers, abortion of many developing kernels,
kernels not completely filled.

I Sink optimal.

v

l Optimal availability of photosynthates, optimal allocation.

v

High percentage of developed kernels,
kernels optimally filled.

Fig. 3: Development pathway in buckwheat when sink is optimal.
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Studied determinate buckwheat exhibits characters which ‘may help to control buckwheat
growth and development and this may be the basis for an ideotype of high yielding buckwheat
(Figs. 1-4).

More intense branching may be controlled by higher density, higher optimal density in
determinate buckwheat may be one of the important factors for achieving higher yields. Higher
density in buckwheat may even increase existing good competitive ability of buckwheat in
comparison to most weeds.

Fig. 4: Ripening determinate buckwheat cv. 'Siva’.
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ZLAHTNJENJE DETERMINANTNE AJDE
lzviecek

S pomocjo koncne rasti pri ajdi lahko uravnavamo rast in razvoj ajde. To je lahko osnova
Zlahtnjenja visokorodne ajde. Vecje razrasc¢anje ajde s konc¢no rastjo lahko omejimo z vecjo
gostoto posevka. Vecéja gostota posevka pri ajdi s konéno rastjo je lahko eden od pomembnih
dejavnikov za doseganje visokih pridelkov. Z vecéjo gostoto rastlin lahko v posevku ajde Se
povecamo njeno sposobnost za preras¢anje vecine plevelov.



Fagopyrum 9 (1989): 60-65

XapaKTepMCTl/lKa MYTAQHTOB Irpeumuxu no HHTCHCUBHOCTH
POCTOBBIX NMPOIECCOB

A. H. boukapes, JI. II. boukapeBa

[TpoGaemMuasi Hay4YHO-MCCIIEIOBATENIbCKAS TA00PaTOPUs MO TPEYHXE,
CenbckoxossiiicTBeHHbIH HHCTUTYT, Kameneu-ITogonsekuit, 281900, CCCP

[Tpu M3y4eHUH MYTAaHTOB OOJBUIOE 3HAYEHUE UMEET HE TOJBKO UX MOP(GOJNIOrHyecKas XapakTepUCTHKa,
HO ¥ HEKOTOpble (hU3HOJIOTHYECKE moKa3aTean. OQHUM U3 TaKMX BO3MOXKHBIX MOKA3ATEJICH SBIISICTCS
POCT pacTeHUi, KOTOPbIA OOECIECYMBACT PEANU3AlUIO0 TEHOTUIIA OPraHK3Ma B MPOLECCe ero OpraHore-
He3a M, KaK UHTErPaibHbIN IPOLIECC, SBISIETCS OJTHUM U3 BEAYLIMX B PEATU3aLMH HACTECTBEHHOM MPOTr-
pamMbl opranu3ma (Ilesenyxa, 1987). V3yuyeHue npoueccoB pocTa BO BPEMEHHOM ACMEKTE MO3BONSECT
VBSA3aTh MEXJ1y OO0 psijl TAKMX MOKA3aTeleit, KAK 3Talbl OpraHoreHe3a u asbl BreTaluu, MHHTEHCHB-
HOCTh POCTOBBIX MPOLECCOB, BLICOTY CTEOIISI, KOTOPbIE UMEIOT HEMAJIO BAXKHOE CEJCKIMOHHOE 3Haue-
HUE.

[ens gaHHOW pabOThI: MPOBECTH CPABHUTENbHBIA aHANU3 MOPMOJIOrMYECKH PAa3NIUYHBIX MYTAHTOB
IPEYMXU 110 OCHOBHBIM XapaKTEPUCTHKAM JMHAMHUKHU POCTA.

Marepuan U MeTObI MCCJIeOBAHMH

M3 KONJIEKUMN MYTA5TOB ObLIM OTOOpaHbI (POPMBI, IPUHAJJIEXKAIINE K PAa3IMYHBIM MOP(OIOTHUECKUM
rpynnam (tab6n. 1). B kauecTBe craHgapTa MCHOJIbL30BaIM PAaHOHUPOBAHHBIA COPT rpeunxu BuUKTOpHS,
KOTOPbIA OJHOBPEMEHHO SIBISIETCSI MU MCXOJHbIM COPTOM sl GOBIIMHCTBA MU3Yy4YaeMbIX MYTAaHTOB. B
NEPUOJ BEreTaluy NPOBEJEHBI 3aMEPBI BBICOTHI ¢Te01s1. VI3 BTOpPOTO psiga AensiHKU 3TUKUpoBanu 20 ciy-
4YalHO B3AThIX pacTeHuil. BricoTy cTebnsi pukcupoBaiy 1o NepuofaM pa3BUTHS PACTEHUH, HAUMHAS C
¢aspl GyTOHM3ALMKM M Jalee: B MacCOBOE ILIBETEHWE, pasrap LBETEHWsI, 3aTyXaHWE LBETEHUS U MO
poctizkeHuu cnenocty (75 %). [TonydeHsle gaHHbIE 00pabaThIBAIM METOAMH PErPECCHOHHOTO aHANTM34
(IImupr, 1984; Baiues, 1984).

Tabauua 1

KpaTkas XxapaKTepuCTHKAa MYTAHTOB rpeYnxH

Howmep

MYTaHTA 110

KaTanory Mopdonoruyeckue 0coOeHHOCTH
K-TICXH"

St PaiionupoBaHHbIi copT Bukropus

05 Kapnuk tuna Hagexpa (pa3BuTbie y3iibi)

0221 Kapnuk tuna Manbiu (pegyunpoBaHHble y3JIbl)
0383 TurasT

0427 JeTepMUHAHT

0302 KoporkocTebenbHblit

0396 XnopodunbHast Mytauus Tuna viridis

Pe3yabTaThl H 00CyXK/IeHHe

C)GLL[CI/BBCCTHBIM ABJISACTCA TOT (baKT. 4YTO POCT KUBBIX OPraHu3MOB IOAYUHSCTCS X0y S-06pa'3HbIX
(CPII'MOMI]HbIX) KPUBBIX: BHAYAJIC POCT UACT MCIUICHHO, 3aTEM YCKOPACTCH, JOCTUTACT MaKCUMaJbHOU
CKOPOCTHU, 3aTCM 3aMCE/UIACTCAd M OCTAHABJIIMBACTCH. Cy[ueCTB_\/eT HCCKOJILKO THIIOB KPHUBBLIX PpOCTA,
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KOTOpble OOBEIMHEHBI B ONMH 0006menbl kmace dyHkumin pocra (IImunr, 1984). dopmyna obo-
OIIEHHON (DYHKLMU POCTa UMEET BUA:

y:A(l_eu+Bx/K)K

rie A, a, B, K — koacpcpunuenrsl. Ilpu pasnnuubix 3nadenusx K ¢pyHkuus npuHuMaeT onpeeneHHbn
KOHKPETHBIN BW/I, KOTOPBIM MOXKHO onucath poct obbekra. Tun kpusoi (u 3navenne K) onpenensercsi
MO 3SMIUPUUECKUM AaHHBbIM. [JonyueHHbIE B HalleM ONbITE JAHHBIE BBICOTHI CTEOS pacTeHust B pas-
JuyHble asbl (Tadm. 2), No3BOJMIM TOCTPOUTH IMIUPUYECKUI rpauK JUHAMUKH POCTA. MYTAHTOB,
cornacHo koTopomy 3Hauenue K B chopmyne 060061eHHONM (PyHKIMKU POCTaA CIEAYET NPUHSITH PaBHbIM- |
1 opmyiia npuoGpeTaeT BUj JIOTHCTUYECKON (PYHKUNK:

Tabnuua 2
PakTHYECKHE TaHHbIe THHAMHKH POCTa CTEOJsi MYTAHTOB IPeYHXH
dasbi Beretanuu
Homep myTranTa
no kar. K-IICXU OyTOHM3ALL. Macc. 1B. pasr. uBeT. 3aTyX. 1B. CO3pEB.
St 22 36 46 63 78
13,2 47,7 89.5 107,5 113,0
05 23 37 51 64 79
49,0 22,7 432 48,7 51,2
0383 37 59 73 88 105
423 120,0 151,2 168,3 173,3
5
0221 23 37 56 66 79
5,0 11,4 15,0 18,4 19.5
0427 18 32 46 6_3 77
16,3 440 68,5 74,0 80,2
5
0302 22 35 45 62 73
12,4 36.9 66,3 79.6 87.3
2 7 2
0396 23 38 52 72 82
11,2 31.6 70,0 113.4 119,6

ﬂpumeqalmc: B HUCIIUTECIIC-YUCITIO ,[IHCﬂ OT BCXOJOB, B 3HAMCHATCJIC-BBICOTA credns.
Yy=(A:1+e*™

rjae: A-paccTosiHie MeX/y aCUMIITOTaMu (B HALLIEM cJIydae OKOHYATE/bHasl BbICOTA CTEOIsI), @ U B — KOH-
CTAHTBI, ONPENENSFOLINe HAKIIOH, U3THO U TOUKY Nepernda KpUBOM.

[TpoBeeHHbIH JOTUCTUYECKUA AHAIN3 O3BOJIUI BbIYUCIUTD 17151 BCEX U3YUABIIMXCS MyTAHTOB KO3 du-
UMEHTB! ¥ OLIMOKY YPAaBHEHUS, a Tak e KO3(OUUUEHT KOPPESILUU MEXK/Y IMIMPUYECKUMH U TeOpe-
THYECKMMM 3HAYEHUSIMU BBICOTBI CTEOUIS 110 jlataM rnpomepos (radu. 3).

Kak BUAHO U3 TaOMUIIbI 3, KOPPETSLMS MEKAY SMIUPUIECKUMU U TEOPETUIECKUMU 3HAUCHUSIMU BHICOTHI
PACTEHUI BEJIMKA HACTOIBLKO, UTO 3aBUCUMOCTb. HPAKTUYECKU (PYHKUMOHAIBHA: 9TO JACT HAM OCHOBA-
HME [PU aHAJIM3E POCTA U3YYABUIMXCS MYTAHTOB MCIIOJIL30BAThL TEOPETUUYECKUE KpUBbIe (puc. 1).

AHAIW3 JIOTUCTUYECKON (DYHKIMU POCTA CKIAJLIBACTCA U3 ONPEeNIeHHs TPeX KPUTHUYECKUX TOYEK
pocTa, NpOIOIXKUTENBHOCTH KPUTHUYECKOTO NEPHOJIA POCTA U MTOCTPOCHUSI TPACUKOB CKOPOCTH POCTA U
yckopenust ckopoctu pocra (IImuar, 1984). Mcxonst u3 Ko3huilMeHTOB YpaBHEHUS JIOTUCTHYCCKOM
yuxkuuu (Tada. 3) 1 KPUBBIX CKOPOCTH pOCTa (puc. 1) HAXOIUM KOOPAMHATHI TOUYEK Mepernda KPUBOM
U IPOJOJIKUTENBHOCTL OCHOBHOM hasbl pocrta (P) (tadu. 4), a Tak Ke PACUUTHIBAEM CKOPOCTh POCTA
(puc. 2) u yckOpeHue CKOpOCTH pocTta (puc. 3) MyTaHTOB.
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Ta6nuna 3

Koadduuuents! u oMbka ypaBHEHHUS! JTOTUCTAYECKOH (DYHKIMH; KOPPEALMS MEX/Ty SMIUPHYCCKUMH
U TEOPETUYECKMMH 3HAYEHUSIMH POCTA MyTaHTOB IPEYMXH.

Howmep KoagdunuenTs! yp-s

MyTaHTa
0 Kar. A a B My _x Ryy = Mg tr
K-TICXH1
St 113,1 5,766 -0,154 4,071 0,998 + 0,031 31:99
05 51,3 5,703 -0,145 1,293 0,999 + 0,020 50,38
0221 19,6 3,837 -0,109 1,416 0,992 + 0,075 13,22
0383 173,4 6,159 -0,120 13,825 0,996 + 0,054 18,50
0427 80,3 3,852 -0,123 4,355 0,997 £ 0,041 24,10
0302 87,4 5,574 -0,152 5,281 0,997 £ 0,046 21,61
0396 119,7 6,415 -0,146 16,645 0,980 £ 0,116 8,46
t05 = 3,18

170 = 0383
3 160 =
S 150
& 140 -
5 130+
& 120 - 9396 St
<
£ 10+ )
3 1004 03
o S0 -~ oz02] 0 e 0221

80 0427
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40

30 —e—— (0383
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YNCAO AHEWM OT BCXOROB

Puc. 1 KpuBbie pocTa MyTaHTOB I'PEYUXHU.

Fig. 1. Plant height for cv. Victoria (standard) and mutants in days from germination

Kaxk BuHO U3 rpacduka (puc. 1) TuHaMHUKK POCTa. BCE W3Y4YaBIIMECS MYTAHThI Pa3IMYHbl MEXY COGO,
KaK [0 KOHEYHOM BBHICOTE CTEONIsI, TaK M IO XapaKTepy XOfga KPUBBIX pocTa. Boslee mojorue Kpusbie y
kapnukoB (0221 u 05), 6au3ku Mexay co60# MO HAKIOHY KpuBble pocta BukTopuu, ruranta (0383),
copmel viridis u Hu3kcpocnoro myranra (0302). Ha HayansHOM 3Tame pocta KpuBast 1€ TEPMHUHAHTHOM
¢opmbl (0427) umeeT HEKOTOPBIE OTIMYUSI OT U3YYAEMbBIX MYTAHTOB.

[TepBoiit KpuTHueckuit Bo3pact (touka T, Tabn. 4), npu KOTOPOM CTE6ETb UMEET MAKCUMAJIBHOE YCKO-
peHue CKOpocTH pocrta (puc. 3), HaCTymaeT Y MyTaHTOB B pa3Hoe BpeMs. Tak y copra Bukropusi u Hu3-
KOpOCJIOTO MyTaHTA NEepBasi KPUTUYECKAsl TOUKA POCTA HACTYNAET MOYTH OJHOBPEMEHHO, OTHAKO MAKCH-
MabHOE YCKOEHHME TPU 3TOM paznuyvHo. [lerepmunant (0427) xapakTepusyeTcsi CaMbIM PAaHHUM BCTY-
MJIEHUEM B MEPBYIO KPUTHYECKYIO TOYKY M CaMbIM MeHbIIMM yckopenueM (0,62 cm/cyT?). A y ruranTa
3Ta TOYKA HACTYNAET mo3ke Beex (yepes 40 mHei nocie BCXOOB), IPU MAaKCUMAIBHOM YCKOPEHUH B 3TOT
momeHT 1,27 cM/cyT’. CaMbIM BBICOKMM YCKOPEHHEM B MEPBYIO KPUTHUYECKYIO TOUKY OTJIMYAETCSl COPT
Bukropus (1,37 cm/cyT?), K Hel npubnuxaercst popma viridis (1,3 cM/cyT’) XOTSI NepUOJL BCTYIJICHUS B
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KPUTHUYECKYIO TOUYKY POCTA y HUX MMEET 3HAYUTENIbHOE pa3nuuue — 28 u 35 aHen cootBeTcTBeHHO. Cre-
[lyeT OTMETUTh TOT (hAKT, YTO y Kapiauka Tuna Manblu, ruraHta U IeTePMUHAHTA BPEMsl HACTYIUIEHHS
NepBOi KPUTHUYECKON TOYKM POCTa MPAKTHYECKU COBHAfaeT ¢ (a3oi OYTOHM3ALMHK, TOTJA KAK Y OCT-
anbHbIX hopM 3Ta aza Hacrynaet Ha 6 . . . 10 gHeR paHblue. DTO yKA3bIBAET HA TO, YTO OONLLUIMHCTBO
M3yyaeMbIX MyTAaHTOB HAUYMHAET OYTOHU3UPOBATH B (ha3y yBENIMUYEHHSI CKOPOCTH pocTa (0T Hayana pocra
1 J10 IOCTUXKEHUS! IEPBON KPUTUYECKOH TOUKH), @ Y MOP(OJIOTHYECKH KOHTPACTHBIX (hOPM OyTOHM3ALIMS
HACTYNAET TOJILKO MO AOCTMKEHUU MAKCHUMaJbHOTO YCKOPEHHsI POCTa.

Haubonee BaxxHOW 1151 pacTeHus spasietca BTopas ¢asa pocta (ot T, go Ts), B KOTOPO# CKOPOCTH pocTa
SIBJISICTCS. MAKCUMAJIbHOM, a YCKOPEHME MEHSIETCSI OT MaKCUMallbHOTO 0 MUHMUMaNbHOTO (puc. 2, 3).

[TepeTOMHBIM MOMEHTOM POCTa B 3TO¥ (hpa3e SIBISETCS BTOpasi KpUTHYecKasi Touka T,. B 3TOW TOUKe
CKOPOCTb pOCTa CTEOIs SIBISETCS MAKCUMANbHOM, @ YCKOpeHUe paBHO HyIio (puc. 2, 3). [Tpogoskurenb-

HOCTL 3TOM hpa3bl y MyTaHTOB Komnebnercss or 17 (Bukrtopusi u Huzkopocnas cdopma) no 24 guei
(ruranTt). Haubonbuias ckopocTh pocta ormeveHa y ruranra (0383) — 1,23 cm/cyr.

Tabnuua 4
AHanu3 JIOrMCTUYECKON (DYHKLMU pOCTa MYTAHTOB TPEUYUXH.
Howmep Touku neperuba
MYTaHTa 0 Hyxusis (T)) Cpenusist (T,) Bepxusisi (T) ®
KaTanory
K-ICXK  x y X y X y
St 28.8 23,9 37,4 56,6 45,9 89,2 17
05 30,2 10,8 39,3 25,6 48,3 40,5 18
0221 23,2 4,1 35,3 9,8 47,4 15,5 24
0383 40,4 36,6 51,4 86,7 62,4 136,8 22
0427 20,6 17,0 31,4 40,2 42,1 63,3 22
0302 28,0 18,5 36,7 43,7 45,4 68,9 17
0396 34,8 25,3 438 59,8 52,8 94,4 18
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Puc. 2 Kpuble CKOPOCTH pocTa MYTaHTOB rpeunxu. Puc. 3 KpuBbie yCKOPeHHst CKOPOCTH POCTa
O603Ha4YeHus T€ XKe, YTO U Ha puc. | MYTAHTOB TPEUUXH.
y Odosiaucnust te ke, uro u na puc. I
Fig. 2. Speed of growth in days from germination

Fig. 3. Acceleration of growth in days from
germination
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Kooppaunara (X) BTOpO# KPUTHYECKON TOYKHM Y BCEX MYTAHTOB NPAKTHUYECKM COBMAIAET C MACCOBBIM
userennem 3a uckimodennem ruranta (0383) u dopmer viridis (0396), y KOTOPBIX MaccoBOe 1BETEHHUE
nacrynmaet Ha 5 . . . 10 gHeN paHbIIE TOCTHXKEHUS MAKCUMAaJbHON CKOPOCTH POCTA.

B tperben kputuueckoi Touke (T;) Hacrynaer aza yMEHbILIEHUS CKOPOCTH U YBEIIMUEHHST YCKOPEHUS
OT MAaKCHUMAaJIbHbIX OTPULATENIbHBIX YCKOPEHHUN JIO HYIIsA, T.€. HAYMHas ¢ 3TOH a3bl MPOUCXOIUT npe-
Kpaienue pocra pacrenusi. [Ipaktnuecku ata hasa COBNAgaeT ¢ MOMEHTOM pasrapa userenust (y Buk-
tTopum, Kapnuka Hapexja, Huzkopocnon dopmbl 1 dhopmbl viridis) win Hauunaercs Ha 4 . . . 9 gHei
paHblle HACTYIIIEHUs pa3rapa UBeTeHust U TONbKO y ruranta (0383) nactynaet nosxe Ha 6 gHeir. MoxHO
OTMETHUTH, YTO Yy OOJBLUIMHCTBA MYTAHTOB OCHOBHAas (pa3za pOCTa MPHUXOIMTCS HAa MEX(a3HbIH NEPUOJ
OYTOHM3AIMS — MAaCCOBOE I[BETEHHE, XOTS MO XapaKTepy pPOCTa MYTAHTbl BECbMa PA3IMYAIOTCS MEXKY
cob0M.

B dopmyne noructuyeckoi (pyHKIUU pOCTA MOKA3aTeNb CTENEHH € MPEJCTaBIsIeT COO0M ypaBHEHHUE
JMHEHHON PErpeccH, YTO [0 HaM BO3MOXHOCTb MAaTEMaTHYECKM CPAaBHUTbL MYTAHTBI MEXAY coOOM
METOJIOM CPaBHEHUs JIBYX YpaBHEHMi JMHEeHHOW perpeccu (3aiues, 1984), no ux xoadguuueHram u
BLIYMCIIMTH JOCTOBEPHOCTH CXOJCTBA U PA3IMUUSI MEX/Y HUMU. DTUM METOJIOM CPABHUBAIOTCS OIIMOKH
ypaBuenust (kpurepuit F), koadpdunuentst a u B (kpurepui t; u t,). JJOCTOBEPHBIM CUUTAETCS pa3iuume,
€CJIM XOTs Obl OJIUH U3 KPUTEPUEB NPEBBIIIAET TAOIMUHOE 3HAYEHUE HA CAMOM BbICOKOM YPOBHE 3HAUM-
MOCTH, @ CXOACTBO — €CJIM BCE TPU KPUTEPHS MEHbBIIIC TAOMUYHbIX HA CAMOM HU3KOM YPOBHE 3HAYUMOCTH.

Tabauna S

CpaBHeHHe KO3((UIMEHTOB YPABHEHUS JIOTUCTUYECKON (DYHKIMU POCTA MYTAHTOB IPEUUXU

Kpurepuu cpaBH.

CpaBHUBaeMbIe Amnanmms

opmbi F t t CPaBHECHUSI

St-05 9,91 0,65 26,33 +

St-0221 8,27 19,71 35,74 +

St - 0383 11,53 1,30 11,39 +

St—0427 1,14 14,62 3,39 +

St - 0302 1,68 1,62 2,92 ?

St—-0396 16,72 1,74 4,15 ?

05 -0221 1,20 42,79 23,09 +

05 -0383 114,32 1,57 4,62 2

05 - 0427 11,34 18,52 19,33 +

05 -0302 16,68 1,00 17,02 +

05 -0396 165,72 1,96 2,56 +

0221 -0383 95,32 7,96 0,70 +

0221 - 0427 9,46 0,16 27,52 +

0221 -0302 13,91 13,46 23,80 +

0221 - 0396 138,18 7,09 5,57 +

0383 — 0427 10,08 7,89 7,35 +

0383 — 0302 6,85 1,80 9,60 +

0383 — 0396 1,45 0,59 5,47 ?

0427 - 0302 1,47 10,99 0,33 +

0427 - 0396 14,61 7,10 2,50 +

0302 - 0396 9,93 2,12 3,00 ?
Fys= 9,98 t s = 2,447 + pasnuuue JIOCTOBEPHO ? HM CXOJICTBO HY Pa3IUUHUE

Fooy = 141,1 toor = 9,959 — CXOJICTBO JIOCTOBEPHO HE YCTAHOBIICHO

[TpoBefieHHbIN aHATU3 MOKA3aJ, YTO MO XapaKTEPY POCTOBBIX MPOLECCOB cTaHapT Bukropus He umeer
CXOACTBA ¢ MyTaHTaMu (Tada. 5). He oOHapy>KEHO Tak e CXOJICTBO U MEKJY U3YYaCMbIMU MYTAHTAMM.
OjHako BBISIBIICHA M BEChbMA MapaoOKCabHasi OCOOEHHOCTh HEKOTOPBIX CPABHUBAEMBIX Map, T.€. JIOCTO-
BEPHO HE YCTAHOBIICHO HU CXOJICTBO HU Pa3lIMuue My HUMH. Bugumo takue popMbl MOKHO OTHECTH
K pa3psily HeuTpanbHbiX. Tak, Hanpumep, 1o OTHOWEHUIO K copTy Bukropusi y uuskopocnon u viridis
hopM HaOGAIOAETCA HEUTPAIBLHOE TPOSIBICHUE [0 XapaKTepy POCTOBBIX MpoueccoB. Takyio xe
PEaKUUIO 1O OTHOLLICHUIO JIPYT K JIPYTY MOXKHO HAOJIOAATb U Y HEKOTOPBIX MYyTAHTOB (ruradt u viridis).
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HacToTa HENTPANIbHOTO NPOSBAEHHUS T10 TIOKA3ATENSIM POCTA CaMasi BLICOKAs Y XJIOPOUIBLHOTO MyTAHTA
Tuna viridis (Tabn. 5). B Tpex u3 naTu BbISIBICHBIX CydasX HEHTPAIBHOTO EHCTBUSI y4acTByeT hopma
viridis.

BoiBojpi.

M3 BbIIEN3TOXKEHHOTO BBITEKAET CIEMYyIOIIee:

1. PocToBbie mpouecchl M3yyaBUIMXCS MYTAHTOB 110 CBOEMY XapaKTepy MOAYMHSIOTCS JOTMCTHYECKON
3aBUCUMOCTH, OJJHAKO OOJIBIIMHCTBO MYTAHTOB JIOCTOBEPHO PA3JIMYAIOTCS MEXIY COOOM.

2. O6wMM 711 BCEX MYTAHTOB SABJISIETCS TO, YTO MHTEHCHBHBIA POCT HAYMHAETCS B (ha3y OYTOHH3AIUM,
a haza MaKCUMaNbHOTO POCTa IPOTEKAET OT OYTOHU3ALMH JIO MACCOBOTO [BETEHUSI, T.€. HACTYIIJIEHUE
Kax01 henodasel onpenensieTcs CKOPOCTLIO POCTAa U YCKOPEHUEM CKOPOCTH POCTa.

3. Tpu KpUTHUYECKHE TOUYKM POCTA Y MYTAHTOB COBMAAAIOT C OCHOBHBIMHU (peHO(azaMu: GYTOHU3ALMS,
MaccoBOE LBETEHHUE, pa3rap LBETCHUSL.

4. Tlo xapakTepy pOCTOBbIX HPOLECCOB Y H3y4yaeMbIX (POPM HE YCTAHOBJIEHO CXOJCTBA, OJHAKO
BBISIBIIEHBI OTJENbHBIE NMAPhl, Y KOTOPBIX IOCTOBEPHO HE OOHAPYXKEHO HU CXOACTBA HH Pa3liMyus.
Takue poOpMbI MOXKHO OTHECTH K Pa3psly HEMTPAIbHBIX.
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Peszrome

ITpoBejieH aHanM3 LIECTU MYTAHTHBIX (DOPM M3 KOJUIEKIUM MYTAHTOB FPEUYUXH B CPABHEHUU C COPTOM
BukTOpUSl MO MHTEHCUBHOCTU POCTOBBIX MPOLECCOB. Y CTAHOBJIEHO, YTO POCT MYTAHTOB TPEYUXHU MOTUHU-
HSICTCSl JIOTUCTUYECKON 3aBucumocTu. ITo xapakTepy pOCTOBBIX MPOLECCOB OOJIBIIMHCTBO MyTaHTOB
JIOCTOBEPHO pasinyaloTcst Mexay cobou. O6IUM st BCeX M3Y4aBLIMXCS MyTaHTOB M copta BukTopus
SBJISIETCS] TO, UTO MHTEHCUBHBIN POCT HaYMHAeTCs B (pa3y OyTOHU3ALMHU, a MAKCUMAJbHBIN pOCT HabIto-
facTcs OT OYTOHU3ALMHU 10 MACCOBOTO LIBETEHMSI. Y CTAHOBJIEHBI KDUTUYECKUE TOUKHU POCTa. BbieneHsl
HENTpabHbIE N0 XapaKTepy POCTa MYTAHTBI.

STUDIES OF GROWTH OF BUCKWHEAT MUTANTS
Key words: clorophyll mutation, determinate, dwarf, giant, Victoria
Abstract

Growth of buckwheat cv. Victoria and six mutants were studied by mathematical methods in botany
according to Schmidt (1984). Height, speed of growth and acceleration of growth were
studied in cv. Victoria mutant 05 (dwarf of Nadezda type - developed nodes), 0021 (dwarf of Malish
type - reduced nodes), 0383 (giant). 0427 (determinate), 0302 (short stem) and 03396 (clorophyll
mutation type viridis).

RAZISKAVA RASTI MUTANTOV AJDE

Izvie¢ek

Avioraj sta raziskovala rast pri ajdi cv. 'Victoria’ in $estih mutantih. Proué¢evani mutanti so bili 05
(pritikavec tipa Nadezda - razviti nodiji), 0221 (pritlikavec tipa Malié - reducirani nodiji), 0383 (visoka

rast), 0427 (determinantna rast), 0302 (kratkostebelna ajda) in 0396 (klorofiina mutacija tipa viridis).
Rast je bila analizirina s pomoc¢jo maiematiénih metod v botaniki (Schmidt 1984).
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Historically, considerable areas of buckwheat were grown in Denmark. In about 1750, some
30 000 hectares were so planted but from then on the area decreased to almost nothing.

At that time, buckwheat was used for both human beings and animals, as porridge and as
green fodder respectively. The buckwheat was dehulled at the farms on a stone grinding mill.

Also at that time, yields were very small and there was great waste because of the poor
quality of cultivars.

After 1900, because of changing food habits, buckwheat was grown only on very small
areas. Between 1935 and 1986, only a few areas were sown with buckwheat, mainly as animal
fodder.

In 1986, buckwheat was again introduced in Denmark as an alternative crop. Mr. Steen
Blicher, Dalkildegaard, Faaborg, Denmark grew some hectares of buckwheat at his own farm.

In co-operation with Prof. Bjgrn O. Eggum, National Institute of Animal Science, Animal
Physiology and Biochemistry, Denmark and Prof. lvan Kreft, Biotehniska fakulteta, Univerza E.
Kardelja, 61001 Ljubljana, Yugoslavia, on the basis of some research and experience it was
concluded that buckwheat had possibilities as a future ingredient in the food industry, and an
alternative for Danish farmers. Ivan Kreft and his coworkers contributed to the reintroduction of
buckwheat to Denmark. ’

Growing: EUFAGO DANMARK A/S, in co-operation with the Yugoslav scientists has
maintained some research in Denmark. State Research Stations and the Danish Agricultural
Advisory Centre, Arhus, in co-operation with EUFAGO DANMARK A/S. have undertaken
research which has strengthened the interest in buckwheat, and contributed information which
has resulted in the successful growing of buckwheat.

Buckwheat is grown on a light soil, but has also given good yields on heavier soil.

The buckwheat is only grown on the basis of contracts; the farmers buy new buckwheat
seed every year, and are under an obligation to deliver the buckwheat yield to EUFAGO
DANMARK A/S.

Climate: We have found that buckwheat can give very good yields, the quality of the Danish
grown buckwheat is also very fine. Denmark is on the northern frontier but there are
nevertheless adequate possibilities. The buckwheat is mainly sown late in May, but in a few
places at the beginning of June. Buckwheat is harvested about August 25.

Yield: The buckwheat yield depends very much on a well-prepared bed and good growth
conditions, which are provided by proper instruction to the farmers. Many farmers also have
the opportunity for watering at the appropriate stage of growth. Yields are very variable. We
have measured yields up to 2.800 kg/hectare. Some cultivars in the experiments also gave
over 2.500 kg/hectare.

Table 1: Percentage of hulls in some buckwheat cultivars grown in Denmark.

Cultivar Ploidy level 1987 1988

SIVA diploid 17.09 % 15.25 %
DARJA diploid 13.95 % 11.60 %
HRUSZOVSKA diploid 19.13 % 16.12 %
EMKA tetraploid 22.22 % 19.63 %
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Quality: The Danish grown buckwheat is of a very fine quality. After dehulling, there is a nice
light green buckwheat grain.

It is important here to provide farmers with proper information because the harvest, the
drying and the storage have to take place under good conditions.

The authorities have established aflatoxins in some imported buckwheat shipments but
they have not been found in Danish grown buckwheat.

Application: Danish grown buckwheat is used in certain new food products which are
manufactured and sold in Denmark.

In recent years there have been considerable changes in food habits. Consumers are very
aware and want food products of the highest biological and other quality.
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Figure 1. Buckwheat fields (x) in Denmark 1988. Average 5.7 ha on each farm, average yield in
1988 1.350 kg/ha.

PRIDELOVANJE AJDE NA DANSKEM
Izviecek

V preteklosti so na Danskem pridelovali veliko ajde. Okoli . 1750 je bila ajda posejana na
30 000 ha, kasneje se je pridelovanje zelo zmanjsalo: v zacetku tega stoletja so le Se redki
kmetje sejali ajdo. L. 1986 je ajdo zacel ponovno pridelovati Steen Blicher na kmetiji
Dalkildegaard pri Faaborgu. To je potekalo v sodelovanju s prof. B.O. Eggumom z Danskega
drzavnega ins$tituta za zivinorejo, fiziologijo zivali in biokemijo, ter s sodelavci Biotehniske
fakultete E. Kardelja v Ljubljani. Sedaj prideluje ajdo vecje Stevilo kmetov (povpre¢no 5.7 ha
na kmetijo in s povpreénim hektarskim pridelkom 1.35 tone) Ajdo pridelujejo pogodbeno s
podjetjem Eufago Danmark A/S, od katerega kmetje kupijo vsako leto seme in kateremu so po
pogodbi dolzni prodati ves pridelek ajde. Na Danskem sejejo ajdo konec maja, ponekod Vv
zacetku junija, zetev pa je okoli 25. avgusta.

Rekorden pridelek je do 2.8 t/ha, v poskusih pa je ve¢ kultivarjev dalo pridelke okoli 2.5
t’/ha. Danski pridelek ajde je izredno kakovosten, po luséenju dobimo ka$o lepe svetlozelene
barve. Medtem ko so oblasti ugotovile pri nekaterih uvozenih posilijkah ajde aflatoksine, so bili
domaci pridelki ajde brez njih.

Razvili so nekatere nove izdelke iz ajde, ki jih na Danskem uspesno prodajajo.
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Leaf composition in some buckwheat cultivars (Fagopyrum
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Abstract

A comparative study of the leaf composition has been made in the four species of
Fagopyrum viz. F. esculenium Moench, F. sagittatum Gilib., F. lataricum Gaertn. and F.
kashmirianum Munshi. F. esculentum which possesses thicker and more succulent leaves has

a higher content of total sugars and starch, besides a relatively lower phenolic content. F.
esculentum is thus more suited as a green vegetable compared to the other three species.

Table 1. Leaf composition (percent fresh weight) at six weeks growth in four species of

Fagopyrum.
Parameters F. escul. F. sagitt. F. kash. F. tatar. LSD-P0.05
Alcohol insoluble solids 10.91 13.37 13.56 12.81 0.59
Alcohol soluble solids 2.73 3.31 3.23 2.83 0.37
Total solids 13.65 16.68 16.79 15.64 0.62
Total sugars 1.00 1.08 0.87 0.77 0.03
Starch 0.60 0.44 0.58 0.48 0.05
Phenolics 0.58 0.96 0.81 0.47 0.12
Alcohol soluble nitrogen 0.039 0.045 0.054 0.054 0.015
Alcohol insoluble nitrogen 0.34 0.46 0.54 0.50 0.06
Total nitrogen 0.379 0.505 0.594 0.554 0.06
Total free amino acids 0.024 0.032 0.032 0.030 0.003

as a-amino N

Introduction

Among the pseudocereals, buckwheats (Fagopyrum spp., Fam. Polygonaceae) are
economically important primarily due to their carbohydrate and protein rich grains, hardiness of
plants, short growth span; besides foliage being used as a green vegetable and as an

* The paper was first published in Fagopyrum 8 (1988), p. 27-28, but by mistake in page setting, a
part of the paper was omitted.
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important commercial source of the glycoside rutin used in medicine (Tahir and Farooq 1983
and 1985, Narain 1983, Marshall 1969). Four species of Fagopyrum viz. F. esculentum Moench,
F. sagittatum Gilib., F. tataricum Gaertn. and F. kashmirianum Munshi have been reported to
grow in mixed stands at various high altitude areas of Kashmir (Tahir and Farooq 1983), where
constraints of adverse climatic conditions permit the cultivation of short duration crops only
such as buckwheat. The present study was aimed at studying the leaf composition in the four
species of Fagopyrum.

Materials and methods

Fully expanded leaves were collected at 6 weeks growth from the plants of the four
species of Fagopyrum viz. F. esculentum , F. sagittatum , F. tataricum and F. kashmirianum
growing in field under identical conditions standardized for optimal growth and yield (Farooq
and Tahir 1987). 10 g leaf tissue fixed in hot 80% ethanol was separated into alcohol soluble
and insoluble fractions. Alcohol soluble material was used for the determination of alcohol
soluble solids, total sugars, alcohol soluble nitrogen, c-amino hitrogen and phenolics. Total
sugars were estimated as reducing sugars by the method of Nelson (1944) after enzymatic
conversion of non reducing sugars to reducing sugars with invertase. Total free amino acids
were estimated as a-amino nitrogen according to the method of Rosen (1957). Phenolics were
estimated by the method of Swain and Hillis (1959). Starch was estimated by AOAC method
(Horwitz 1965). Nitrogen was estimated by micro-Kjeldahl method. Each presented value is a
mean of 4 independent replicates and LSD between species has been computed at P0.05.

Results and discussion

The results of the leat composition are presented in Table 1. The content of alcohol
soluble solids, insoluble solids as also of total solids was less in the leaves of F~. esculentum
than in the other three species. The leaves of F. esculentum and F. sagittatum contained a
higher concentration of total sugars than F. kashmirianum and F. tataricum. The leaves of F.
esculentum contained a higher starch content than the other three species. F. esculentum and
F. tataricum contained a lower phenolic content in leaves than F. sagittatum and F.
kashmirianum. The concentration of alcohol soluble nitrogen as also that of total free amino
nitrogen was lower in F. esculentum than in the other three species. The concentration of
alcohol insoluble nitrogen was higher in the leaves of F. kashmirianum and F. tataricum than in
F. esculentum and F. sagittatum.

Thus a comparative study of the leaf composition in the four buckwheats showed that F.
esculentum which possessed thicker and more succulent leaves (unpublished results of the
authors) has a higher content of total sugars and starch, besides a relatively lower phenolic
content. The present findings thus suggest that F. esculentum is more suited as a green
vegetable compared to the other three species.
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KEMICNA SESTAVA LISTOV PRI NEKATERIH KULTIVARJIH AJDE (FAGOPYRUM Gaertn.) V
KASMIRJU

Izviecek

Primerjana je kemi¢na sestava listov Stirih kultivarjev ajde: Fagopyrum esculentum Moench, F.
sagittatum Gilib.,, F. tataricum Gaertn. in F. kashmirianum Munshi. Navadna ajda (F.
esculentum) ima debelejSe liste, ve¢ skupnega sladkorja in $kroba ter relativno malo fenolov.
Navadna ajda je zato bolj primerna za zelenjavo kot ostale raziskane ajde (tatarska in druge
ajde).

ERRATA - POPRAVKI

In the paper "Review article on buckwheat" by I. Tahir and S. Farooq (Fagopyrum 8, 1988) the
last paragraph on p. 42 and continued on p. 44, is correctly read:

Buckwheat seedlings showed greater synthesis of rutin when fed with various sugars
(Margna et al. 1972a). Glucose fed into isolated buckwheat cotyledons caused an increase in
the content of rutin, vitexin, saponaretin and homo-orientin (Margna ef a/ 1974). In excised
hypocotyls and cotyledons the accumulation of leucoanthocyanidins was stimulated by glucose
and phenylalanine (Margna et al. 1972b).

In the paper of Adachi ef a/ (Fagopyrum 8, 1988) in the Table 1 instead of blanc spaces read ".

V ¢lanku (in the paper of) L. I. DovZzenko (Fagopyrum 8, 1988):

str. vrsta namesto prav

(page) (line) (instead of) (read)

64 9 issledovani issledovanija

! 27 otnogeneza ontogeneza

66 23 20% 29%

g 31 3-7 3-6

! 38 7 6

67 4 mesoz - mejoz

68 18 bili bilo

! 29 onm ot

69 3 corr.: subpopuljacii, ¢etko razlicajusiesja

71 Fig. 5A horiz. corr.: 5 10 15 20 25 30

76 Fig. 10 horiz. corr.: 40 80 120 160 200 240 280 320 360
seed number per a plant

77 Lit. 4. 63 53

! Lit. 8. 1955 1944

! Lit. 10. No. 6 No. 2

78 31 on variety on variety
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INFORMATIONS AND BIBLIOGRAPHY

Population genetics of cultivated common buckwheat, Fagopyrum esculentum Moench. VIl
Allozyme variability in Japan, Korea, and China

Ohmi Ohnishi

Laboratory of Genetics, Faculty of Agriculture, Kyoto University, Kyoto 606

From: The Japanese Journal of Genetics, Vol. 63 (1988), No. 6, 507-522.

Allozyme variability at 19 loci affecting 12 enzymes were analyzed electrphoretically in 24
Japanese, 3 Korean, and 16 Chinese populations of common buckwheat. Most of the populations
were polymorphic at 8 loci, Adh, Dia-2, Got-2, Mdh-1, Mdh-3, 6-Pgdh-1, Pgm-2, and Sdh-1. The
percentage of polymorphic loci was 31.6-42.1% and the average heterozygosity was in the range of
0.110-0.138. The level of variability was almost the same as that found in Nepal and India, and was
slightly higher than the average of other outbreeding plant species. The allelic frequencies did not
vary much among the populations studied, although the Chinese populations had slightly more
genetic variability than the Japanese and Korean populations. The present results together with
those for the Indian and Nepali populations (Ohnishi and Nishimoto, 1988) led to the following
conclusions. The allelic frequencies at the polymorphic loci did not vary much among Asian
populations extending from Nepal to Japan; geographical differentiation of allozyme frequencies, due
mostly to the loss of alleles, has occured only at the margins of the distribution, such as in the
Kumaun and Garwhal hills and in Kashmir in India. This rather unexpected uniformity of allelic
frequencies seems to be due to large population size, panmixis within populations, and gene flow
between populations, conforming to the theoretical models of Maruyama (1971) and Kimura and
Maruyama (1971). Buckwheat does not have a strict center of genetic diversity, but the highest
within-population variability was found in the region from southern China to Nepal. Based on the
observed minor differences in allozyme frequencies between populations, possible processes of the
spreading of buckwheat cultivation in Asia are discussed.

Lipid content and fatty acid composition of buckwheat seed
G. Mazza
Food Science and Technology Laboratory, Agriculture Canada, Research Station, Morden, Manitoba,

Canada ROG 1JO.
From: Cereal Chem. 65 (2) (1988): 122-126.

Dehulled seed of the three most important North American cultivars of buckwheat, Mancan,
Tokyo, and Manor, were analyzed for content of total, free, neutral, glyco-, and phospholipids, and
each class of lipid was analyzed for fatty acid composition. The samples contained from 2.6+0.2 to
3.2+0.1% total lipids of which 81-85% were neutral lipids, 8-11% phospholipids, and 3-5% glycolipids.
Free lipids, extracted in petroleum ether, ranged from 2.1£0.1 to 2.6%£0.1%. The major fatty acids of all
cultivars and of all classes of lipids were palmitic (16:0), oleic (18:1), and linoleic (18:2) acid. Average
values of these three fatty acids in the total lipids of all buckwheat samples examined were
14.0+0.8, 36.3+19 and 37.0+19%, respectively. The corresponding values for the free lipids were
14.8+1.5, 36.5+2.0, and 35.5+1.9% and those for phospholipids were 9.1£0.8, 44.3+4.4, and 41.7+2.8%,
respectively. Total lipid content showed significant positive correlation with free, neutral, and
glycolipid contents, and there was a highly significant negative correlation between oleic and linoleic
acid contents of all lipid classes. There was, however, no statistical difference between new and old
buckwheat in the content of free, neutral, glyco-, and phospholipids and in the fatty acid composition
of total and free lipids.
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The Book of Soba
James Udesky
The Book of Soba is the first book in English to fully explore this long-cherished food tradition, and

James Udesky, the first Westerner to complete a soba apprenticeship. He examines the soba culture
in depth and offers the latest assessment of the nutritional value of this healthy, lysine-rich, fat-free
pasta.

Mr. Udesky brings an insider's expertise to this comprehensive work. He presents a collection of
classic and innovative soba recipes with many of the secrets of the trade as only a seasoned cook
could know them. And most important, he supplies an easy-to-follow, fully illustrated text for making
fresh noodles in your own kitchen - in just a few minutes.

Distributed in the United States by Kodansha International/USA Ltd., through Harper & Row,
Publishers, Inc., 10 East 53rd Street, New York, New York 10022.

Published by Kodansha International Ltd., 2-2, Otowa 1-chome, Bunkyo-ku, Tokyo 112 and Kodansha
International/USA Ltd., 10 East 53rd Street, New York, New York 10022.

First printing, 1988. ISBN 0-87011-860-9 (U.S.). ISBN 4-7700-1360-4 (Japan). USD 14.95

Breeding systems in buckwheat (Fagopyrum spp.) cultivated in Kashmir
|. Tahir and S. Farooq
Department of Botany, University of Kashmir, Srinagar - 190006, Kashmir, India

From: Genetika, Vol. 19 (1987), No. 3, 205-208.

A comparative ‘study has been made of the breeding system in the four buckwheats viz. £
esculentum Moench, F. sagittatum Gilib., F. tataricum Gaertn. and F. kashmirianum Munshi. - F.
esculentum, besides being predominantly heterostylous, shows dimorphism of pollen grains and
stigmas compared to the other three species which are predominantly heterostylous. The effective
pollination in £ esculentun is largely entomophylous in contrast to the other three species. In £
esculentum seed set in open pollinated inflorescences was markedly higher than in bagged
inflorescences whereas, no appreciable difference was recorded in the seed set between open
pollinated and bagged inflorescences for the other three species. This substantiates the assumption
that F. esculentumn is essentially self incompatible whereas, the other three species are self
compatible.

Some results of important morphological and biological characteristics of buckwheat
Miroslav Bogdanovi¢
Faculty of Agriculture, Sarajevo, Yugoslavia

From: Radovi Poljoprivrednog fakulteta, Vol. XXXV (1986), No. 38, 35-47.

During three-year investigations, the influence of genotype, variety, sowing time and mineral
fertilizers doses on morphological and biological, productive and qualitative characteristics of
buckwheat were examined.

The results of this investigation show important morphological and biological characteristics of
buckwheat.

The height of the plants was mostly influenced by the weather conditions, genetic characteristics of
the species and mineral fertilizers doses.

The number of leaves depended on the height of a plant and shooting into branches.

The leaf area mostly depended on the number of leaves formed on the plant and species
characteristics.

The number of florescences is in the positive correlation between a number of the branches and
genetic characteristics of the variety.

The number of grains formed on the plant depended on the weather conditions during the phase of
fertilizing of the plant, numbers of florescences formed and of insect pollination.

The percentage of filled grains mostly depended on temperature conditions, precipitation and
incombing of nutrients in the flower.
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Genotype, variety, fertilising and sowing time influence on the grain production of buckwheat
(Fagopyrum esculenturn Moench).

Miroslav Bogdanovi¢

Faculty of Agriculture, Sarajevo, Yugoslavia

From: Radovi Poljoprivrednog fakulteta, Vol. XXXV (1987), No. 39, 5-12.

On the basis of ine three-year investigations with buckwheat culture, the following can be
concluded:

Since there are a lot of diffrences in plant spacing during the germination and during the harvest
of different varieties it is important to attain optimal plant stand per area unit.

For the high grain yield of buckwheat, besides the genetic potential for fertility, it is important to
obtain desired plant stand per area unit and productivity of the grain per a plant.

Using the mineral fertilizers in buckwheat production proved to be beneficial. The highest grain
yield of buckwehat was when the soil was fertilized before sowing at rate of N5oPsoKeso
+ foliar treatment with boron 3.4 g and urea 6.6 g in 10 liter of water per 150 square meters of the
crop at the beginning of flowering.

Sowing periods had important influence on the grain yield of buckwheat of certain varieties. The
best sowing time for buckwheat is at the end of May or in the beginning of June in the hillymountain
area of Bosnia.

The potential possibility of the grain yield increase is in the reduction of unfilled grains before
attention would be paid to this problem in breeding work in buckwheat.

During the three-year investigations the highest grain yield was obtained in denser plant stand
for about 30% more, although productivity per plant was lower.

Modelling of net photosynthetic productivity for buckwheat (Fagopyrum esculenturn Moench)
L. Kajfez-Bogataj and A. Hocevar
Agronomy Department, Edvard Kardelj University of Ljubljana, Yugoslavia

From: Agricultural and Forest Meteorology, 44 (1989) 233-244

The dynamic model BUCKWHEAT simulates the photosynthetic activity of a buckwheat
(Fagopyrum esculentumn Moench) plant canopy. It assumes healthy plants and appropriate nutrition
and calculates dry matter production per unit ground area. The basis of the model is the energy
balance of the leaf, from which leaf temperature nad energy fluxes are calculated. Net
photosynthesis of the leaf is a function of leaf temperature and solar irradiation. This function was
verified experimentally. With the model, buckwheat organic mass production was calculated for each
day of the growing period (24 July - 7 October 1985), using environmental parameters observed in
Ljubljana, and compared with the values observed in the field. Comparisons of observed and
calculated production in seccessive time periods, and of cumulative productivity, show close
agreement. Applications of the model and possible improvements, are being considered.

Influence of water activity and temperature on dehulling of buckwheat
G. Mazza and C.G. Campbell
Agriculture Canada, Research Station, Morden, Manitoba, ROG 1JO, Canada

From: Cereal Chem. 62 (1985) (1): 31-34.

Dehulling and moisture sorption characteristics of three buckwheat cultivars were determined at
water activities of 0.1-0.98 and at 1, 10, 25, and 40°C. The dehulling recovery varied among cultivars
and water activities of the seed. Of the three cultivars, Mancan yielded the most groats and CM 169
yielded the least. The dehulling yield of each cultivar decreased as the water activity of the seed
increased but was essentially unaffected by temperature. The amount of whole groats in the
dehulled fraction was constant at water activities of 0.11-0.50 but more than doubled as the water
activity was increased from 0.50 to 0.98. The optimum water activity for minimizing the rate of
degradation of buckwheat seed during storage and for maximizing the dehulling yield and percentage
of whole groats was approximately 0.18.
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At the occasion of the first shipment of buckwheat grain from Australia to Japan, in June 1988

was published the booklet Tasmania Soba (in Japanese). Booklet was published by Shiratori Flou
Mill Company, Narashino City, Chiba Prefecture, Japan. Buckwheat was introduced in Tasmania by
this company and the Department of Agriculture, Tasmania, in cooperation with scientists from
Miyazaki University, Japan and Ljubljana University, Yugoslavia. Buckwheat gives in Tasmania good
yields of high quality. The idea for this so called 'Southern Cross Project’ was, to deliver in April
high-quality freshly harvested buckwheat grains from Tasmania to Japan where it is in July and in
August the highest demand for buckwheat-soba noodles
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Colour photographs for black and white printing. Colour photographs could be exceptionaly
printed as black/white photographs, although the quality is inferior, specialy if there are no
good contrasts on the photography, or if contrasts are in green/red tones. Avoid red
background behind green objects and use white or other light background.

Colour photographs for colour printing.From technical point of view, it is no problem to print
colour photographs, if they are needed for ilustration of papers or other messages. However,
in such a case, printing procedure take considerable longer time, and costs are beyond normal
costs of publication. So colour printing could be applied only in cases, if it is to the manuscript
enclosed the information, which institution will cover additional costs.

INFORMATIONS AND BIBLIOGRAPHY. Informations (including short preliminary reports) and
bibliographical contributions will be printed in special section or sometimes in special issue of
"Fagopyrum”. Maximal lenght of contributions in this section is two printed pages, it will be
published by direct photocopying and without previuos consulting any referees.

We will try to do our best to edit "Fagopyrum” to your best satisfaction, but please, help
us with critical writing of the papers and by precise preparing of illustrations. The Editor.




