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A b s t r a c t  
 

Crop breeding if aimed mainly at the highest productivity results in a significant loss of de-
fense system activity thus causing a decreased plant resistance to adverse environment factors. Rea-
sonably, more attention is now being paid to evolution base in breeding. With this, we studied the 
norm of reaction to environment changes in buckwheat (Fagopyrum esculentum Moench) cultivars 
and landraces as reflecting plant adaptation potential for photosynthesis and yield production to be fur-
ther involved in breeding. A total of 11 buckwheat cultivars of which Kalininskaya, Bogatyr’ and Shati-
lovskaya 5 have been derived in 1930-1970, and Chatyr-Tay, Batyr, Devyatka, Dizain, Demetra, Dikul’ 
and Bashkirskaya krasnostebel’naya are the modern cultivars, together with landraces k-406 and k-1709 
(VIR collection, St. Petersburg) were investigated. For the first time it was shown that in the course of 
buckwheat breeding no improvements in photosynthesis and production sustainability, as well as in 
homeostasis of grain formation have been achieved. Modern buckwheat cultivars possess high photo-
synthesis and productivity under favorable weather conditions, whereas at stresses do not have any 
significant advantage over their predecessors. In dry 2010 the seed production in modern cultivars 
was not reliably different from that in landraces and old cultivars, while in 2011-2013 at more favor-
able water supply and temperature it was on average 67.5 % higher, mostly due to the response of 
photosynthetic system to growing conditions. When drought occurred during the seed filling phase 
the photosynthetic activity in leaves decreased on average by 32.1 %, dry mass of the aboveground 
parts and seeds was lower by 46.7 % and 67.5 %, respectively, compared to those under favorable 
conditions in 2011-2013. With increasing water deficit the situation becomes worse. At soil moisture 
of 30 % of full capacity the activity of photosynthesis in buckwheat plant leaves was on average 4.4 
times less, and seed production was 41.8 % less compared to the optimal moistening. At that, the 
losses were significantly higher in modern cultivars, e.g. in the k-1709 plants a 66.1 % decrease was 
found compared to 78.8 % in Dikul’ and Dozhdik plants. Thus the obtained data suggests a low 
adaptive potential of modern buckwheat varieties. So we propose to improve the seed formation 
homeostasis in buckwheat plants. In this regard, the selection of autogamous form and the creation 
of self-pollinating varieties can be used as more effective approaches. The hybridization with F. 
homotropicum can significantly improve the viability of self-pollinated inbred lines of buckwheat, 
which can be successfully used in breeding programs to create autogamous varieties. Moreover, the 
adaptiveness of the of yield formation processes which are not sustainable enough to guarantee the 
high and sustainable crop production must be improved. An increased activity and effectiveness of pho-
tosynthesis and initial growth seem to be of interest. It is shown that the leaf photosynthetic rate in 
buckwheat varies plants varies widely from 4.65 to 17.8 μmol CO2Łm2Łs1, which allows to select 
forms both by hybridizing and using selection within a population.  

 

Keywords: crop, buckwheat, selection, adaptation of variety, dry mass, photosynthesis, 
transpiration. 

 

Over the past 50 years, the productivity of winter wheat, barley, buck-
wheat, soybeans, peas, broad beans and other crops has grown twice and more 
[1]. Undoubtedly, this is determined by the breeding process, since cultivar con-
tributions in crop yields make over 50 % in many countries [2-5]. At the same 
time, the resistance to biotic and abiotic factors has been deteriorated considera-
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bly [6-9]. According to the researchers, the latter is due to the fact that agricul-
ture in general and breeding in particular aimed primarily at achieving maximum 
productivity weaken protective plant systems substantially and reduce their resis-
tance to adverse conditions, consequently [10-13]. The effects of artificial and 
natural selection differs more and more distinctly, because the cultivar productiv-
ity and high yields (production efficiency) have been basic in crop breeding for a 
long time while the ability to survive (adaptability) is the determining feature of 
evolving species. 

Therefore, the change of crop breeding priorities, in particular an objec-
tive to develop adaptive varieties based on evolutionary principles, is becoming 
increasingly urgent in recent years [10, 12, 14]. In Russia adaptive cultivars are 
needed due to contrasting local conditions exacerbated by global climate change 
and the increasing weather unpredictability [15-17].  

This problem is relevant for buckwheat, the productivity of which re-
mains low in Russia averaging 0.75 t/ha primarily due to lack of modern cultivar 
sustainable under extreme weather [18]. According to G.E. Martynenko et al. 
[19], average buckwheat cultivar productivity correlates negatively with their 
ecological plasticity (r = 0.737). Therefore, the further increase in the crop 
yield is planned to be achieved through the adaptive reconstruction of its ge-
nome [12] which requires a comprehensive research. 

In connection with the problem of preserving and enhancing adaptive 
crop capacity, we for the first time studied the seed production process and the 
photosynthesis response under the extreme environment changes in pot and field 
experiments with buckwheat cultivars derived in various breeding periods. 

The purpose of this study was to determine the adaptive potential of 
photosynthesis and seed yield in buckwheat plants with regard to breeding.  

Technique. The research was performed in 2010-2013 (Orel region) in 
the following 13 buckwheat (Fagopyrum esculentum Moench) cultivars divided 
provisionally into three groups depending on the peculiarities and time of breed-
ing: local cultivars (k-406, k-1709, VIR collection, Saint Petersburg) derived by 
breeders in the 1930-1970s (Kalininskaya, Bogatyr’, and Shatilovskaya 5) and 
modern cultivars (Chatyr-Tay, Batyr, Devyatka, Dizain, Dozhdik, Demetra, Di-
kul’, and Bashkirskaya krasnostebel’naya). 

Plants were grown in breeding crop rotation (All-Russia Research In-
stitute of Legumes and Groat Crops). At the experimental plot the medium 
loamy gray forest soil predominated. For sowing in rows with a seeding rate of 
3 million seeds/ha the SKS-6-10 seeding machine (Russia) was used. The plot 
area was 10 m2 with a randomized seeding in 4 replicates. Sowing and harvest-
ing were performed according to the regional guidelines. Pot experiments to 
study cultivar drought resistance were carried out in 6 replicates for each culti-
var under controlled greenhouse conditions using special 10 dm3 vegetation 
pots with soil moisturized to 30 % and 45 % of total moisture capacity (MС) 
and plants grown at the soil moisture of 70 % MC as a control. 

The amount of dry matter accumulated by plant leaves, stems, side 
branches, inflorescences and seeds was registered in different growth phases by 
sampling 10 plants of each cultivar from plots (3 replicates) followed by drying 
the samples at 105 C in a SM 50/250-1000 ShS drying chamber (SM Klimat, 
Russia). Harvest index was calculated as a percent of the seed weight to the total 
plant dry weight. 

The rates of photosynthesis (RP) and transpiration (RT) were estimated 
in intact plants in real time using a Li-COR-6400 portable gas analyzer (Li-
COR Bioscience, USA) according to the attached manual. 

The experimental data statistical processing was performed using Micro-
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soft Excel.  
Results. Weather during the study has been contrasting. The growing 

season of 2010 was characterized by high daytime temperatures and a pro-
nounced shortage of rainfall, whereas in 2011 and 2013 it was more favorable for 
buckwheat as a heat-loving and moisture-loving crop.  

1. Dry weight and efficacy of seed formation in 13 buckwheat (Fagopyrum escu-
lentum Moench) cultivars studied for the years of experiments (breeding crop 
rotation, Orel region) 

Parameter 2010 2011 2012 2013 On the average 
Dry weight of aboveground parts at 
harvesting, g/plant:      

average for cultivars 3.22 5.18 6.89 6.04 5.33 
range 2.51-4.18 3.91-6.21 6.47-6.88 4.65-7.10 4.57-5.90 

Harvest index, %:      
average for cultivars 16.2 27.1 25.4 26.5 23.8 
range 10.4-24.7 18.7-36.0 20.9-32.4 14.1-46.5 19.1-30.7 

N o t е. Please refer to Methods section for cultivar description (local forms, modern cultivars and cultivars de-
rived in 1970s) 

 

Studies demonstrated that the dry matter accumulation in buckwheat 
plants averaged 6.04 g under moderate moisture and optimum air temperature 
(in 2011-2013), reaching 7.10 g when the weather was favorable (Table 1). But 
under the extreme conditions (the year of 2010) with high temperatures and 
moisture deficiency, total plant productivity declined not less than 1.9-fold. With 
this, the efficacy of assimilate use for seed formation dropped especially sharply. 
Thus, in 2010 the harvest index was 16.2 % being 1.6 times less than in the years 
of 2011-2013 which were more favorable in humidification and temperature (see 
Table 1). 

As a result, plant seed productivity under the arid conditions in 2010 was 
very low averaging 0.52 g/plant, or 33 % of this value for 2011-2013 (Fig. 1). 
With this, seed weight decreased more significantly than the weight of vegeta-
tive organs. Under the pronounced lack of moisture and high temperatures, 
buckwheat seed productivity was 3.0 times lower, and the dry weight of vegeta-
tive organs was 1.9 times lower compared to the more favorable years. Seed pro-
ductivity in buckwheat cultivars ranged from 0.33 to 0.87 g in 2010, from 0.73 to 
2.43 g in 2011, from 1.32 to 2.20 g in 2012, and from 0.77 to 2.58 g in 2013.  

 

 

Fig. 1. Buckwheat (Fagopyrum escu-
lentum Moench) seed productivity for 
the study years (averages for 13 culti-
vars of various breeding periods; breed-
ing crop rotation, Orel region). Please 
refer to Methods section for cultivar 
description (local forms, modern cul-
tivars and cultivars derived in 1930-
1970s). 

 
Differences between the 

aboveground organs for the dry 
matter accumulation may be 
due to the entomophilous pol- 

lination and to the capability of maintaining high vegetative growth intensity al-
most throughout the growing season, including reproductive development. The last 
feature is typical for this crop that adversely affects seed formation [12, 18].  

According to our data, in modern buckwheat cultivars, the number of 
seeds per plant varied almost 2 times greater than the weight of 1000 seeds, with 
23.6 to 52.4 g for the first parameter, and 27.2 to 28.5 g in the second one, the 
later being within the experimental error. Due to such a high dependence of 
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seed formation on weather, the number of seeds formed per buckwheat plant in 
the dry year of 2010 was 51.5 % lower on average compared to 2011 and 2013, 
while their sizes were almost unchanged. The weight of 1000 seeds in 13 buck-
wheat cultivars studied averaged 28.5±1.2 g in 2010, 27.2±1.4 g in 2011, and 
28.4±1.3 g in 2013. In other words, seed yield is largely limited by the processes 
of seed formation. The low rate of fertile pollen under extreme weather, a char-
acteristic feature of buckwheat as a cross-pollinated entomophilous crop, may be 
one of the reasons [20].  

 It should be noted that the stability of buckwheat seed formation is 
hardly increased via breeding [21], and the crop is widespread (from the South-
ern China subtropical areas to the northern border of agriculture lands), at the 
low physiological adaptations, mainly due to the population polymorphism in 
the growing period duration [22]. As a result, the species fertility is provided by 
long-term mass flowering at the very low seed formation efficacy, particularly 
only 10 % of flowers form seeds [18, 23]. 

In this regard, active work to improve seed formation productivity is held 
through the selection of the specified trait in cultivar populations [24, 25]. It is 
believed that the breeding of such type may be mostly efficient in hybrid popula-
tions involving buckwheat cultivars from the mountainous regions of India and 
Southeast Asia for which sharp fluctuations in weather conditions are typical 
[26]. Creation of self-pollinating buckwheat forms is another approach [27, 28]. 
It is assumed that creation of autogamous varieties would primarily reduce the 
buckwheat dependence on pollination by bees. Interest in the development of 
autogamous buckwheat increased sharply after the discovery of the wild self-
pollinating F. homotropicum Ohnishi in the mountains of Southern China 
which is closely related to common buckwheat F. esculentum Moench [29]. As a 
result of successful crossbreeding, fertile interspecific hybrids have been reported 
in a number of laboratories, and their genetics is now being studied in detail [30-
33]. A particular interest is due to the adaptive ability to regulate the time of 
seed formation in the wild type lacking in crop buckwheat that has been discov-
ered by us [34]. The attempts to create self-pollinated common buckwheat culti-
vars based on this source material have not been successful so far mainly due to 
the difficulties of overcoming the inherent buckwheat inbreeding depression and 
poor adaptability of interspecific hybrids to temperate climate conditions [35]. 
However, this approach is very promising.  

 

 

Fig. 2. Seed production in different buckwheat 
(Fagopyrum esculentum Moench) cultivars for the 
study years: а ― local cultivars (k-406, k-1709, 
VIR collection, St. Petersburg); b ― Kalininskaya, 
Bogatyr’, and Shatilovskaya 5 cultivars (bred in 
1930-1970s); c ― modern cultivars Chatyr-Tay, 
Batyr, Devyatka, Dizain, Demetra, Dozhdik, Di-
kul’, and Bashkirskaya krasnostebel’naya (breeding 
crop rotation, Orel region). 
 

 

Apparently, more attention should be paid to the stable seed forma-
tion at the adverse weather factors to improve its efficiency in buckwheat, as 
this parameter tends to decrease. As a result, the dry weight variability of ae-
rial plant parts (seeds especially) grows. During our study, the range of geno-
typic variability for seed weight per plant was 0.41-1.37 g in local popula-
tions, 0.61-1.76 g in old cultivars, and 0.53-1.85 g in modern cultivars. In the 
arid year of 2010, modern cultivars had almost no differences in seed produc-
tion compared to the local and old ones, whereas this value was on average 
67.5 % greater in the years of 2011-2013 with relatively favorable temperature 
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and water regime (Fig. 2). 
In other words, modern buckwheat cultivars, like many other crops, 

have a pronounced advantage over their predecessors mainly in the favorable, 
but not in the extreme conditions. The weak development of the plant root 
system can also be considered a possible cause. According to results obtained 
by A. Lakhanov et al. [36], the proportion of roots formed in the total plant 
weight in buckwheat cultivars is significantly lower compared to the ancestral 
forms (F. homotropicum and F. esculentum ssp. ancestrale). 

The low sustainability of reproduction in modern buckwheat cultivars 
may be caused by the high dependence of photosynthesis in plant leaves on the 
external factors which results in a dramatic reduction in yield under unfavorable 
conditions [37]. Photosynthetic crop productivity is known to depend signifi-
cantly on the environmental factors such as temperature, light, moisture, and on 
the species and cultivar adaptive specificity [38-43]. This is clearly evidenced by 
our results. Thus, in the arid year of 2010 with a dry and hot weather almost 
throughout the whole growing season, the rate of photosynthesis in the leaves at 
seed filling was reduced by an average of 32.1 %, the dry weight of the aerial or-
gans decreased by 46.7 %, and the seed weight was 67.5 % lower compared to 
the years of 2011-2013 (Fig. 3). The limits of RP genotypic variation (in mmol 
СО2Łm2Łs1) were 4.65 to 10.80 in 2010; 9.81 to 14.38 in 2011; 14.74 to 17.8 
in 2012, and 7.92 to 12.9 in 2013. 

 

 

Fig. 3. Productivity and the rate of photo-
synthesis (RP) in leaves of 13 buckwheat 
(Fagopyrum esculentum Moench) cultivars: 
а, b ― seed productivity and total aerial 
biomass, respectively; c ― RP curve 
(blooming +10 days; breeding crop rotation, 
Orel region). 

 
In acute drought, the situation 

is further getting worse. A model pot 
experiment demonstrated that at soil 
moisture of 30 % MC of the total 
moisture capacity the rate of photo- 

synthesis in buckwheat leaves decreased 4.4 times on average, and seed yield 
was 41.8 % lower as compared to those obtained at optimal moistening. At the 
same time, a significant reduction in both parameters was primarily observed in 
modern varieties. While in k-1709 local cultivar the rate of photosynthesis 
decreased by 66.1 %, in Dikul’ and Dozhdik cultivars the reduction averaged 
78.8 % (Table 2).  

2. Photosynthesis (RP) and transpiration (RT) rates in buckwheat (Fagopyrum es-
culentum Moench) leaves of different cultivars depending on soil moisture (pot 
experiment, 2013, blooming +30 days) 

RP, mmol СО2Łm2Łs1 RТ, mmol H2OŁm2Łs1 Leaf temperature, С 
Cultivar 

control experiment control experiment control experiment 
k-1709 (local form) 6.22 2.11 2.80 0.96 20.2 21.3 
Bogatyr' (cultivar of the 
group derived in 1930-1970s) 6.51 1.03 2.64 0.55 24.2 25.1 
Dikul' (modern cultivar) 6.70 1.73 3.26 0.66 25.0 25.5 
Dozhdik (modern cultivar) 8.23 1.37 2.81 0.65 22.2 23.7 

Average 6.92 1.56 2.88 0.71 22.9 23.9 
НСР05 1.69 1.47 1.12 0.52 0.23 0.22 

N o t e . Control — 70 % of the total moisture capacity (MС), experiment — 30 % MC. 
 

In our opinion, these differences may be due to an increased capacity 
of local cultivars for transpiration which provides appropriate leaf tempera-
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ture and an increased uptake of water from the soil under the water deficite. 
A relatively high positive correlation between the rates of photosynthesis and 
transpiration (r = 0.68; P0 < 0,05) was observed in all buckwheat samples 
during the study.  

In our experiments, the activity of gas exchange in buckwheat leaves var-
ied significantly within cultivar populations as well. Thus, the analysis of 159 Di-
kul’ cultivar plants demonstrated the RP range in the leaves of 0.2 to 14.8 mmol 
СО2Łm2Łs1. Thus, the rate of photosynthesis was from 12.0 to 14.5 mmol 
СО2Łm2Łs1 in 15 %, from 9.0 to 12.0 in 26%, from 3.0 to 9.0 in 41 %, and 
from 0.2 to 3.0 mmol СО2Łm2Łs1 in 18 % of the examined plants. The find-
ings provide a conclusion of a targeted buckwheat breeding for the rate of pho-
tosynthesis not only by hybridization, but also by a massive selection in a par-
ticular cultivar population, which will level the plants in their ability to provide 
assimilates for themselves thus increasing the total population productivity. 

Thus, the analysis of the crop adaptability problem shows that resis-
tance to adverse environmental factors in modern cultivars has decreased sig-
nificantly as a result of breeding aimed primarily at providing the maximum 
productivity [10-13]. Creation of self-pollinating cultivars based on autogamous 
forms may be the solution. Difficulties associated with the emerging inbreeding 
depression that accompanies any attempt to obtain cross pollination based 
autogamous material are almost inevitable but can be overcome as shown by 
our experiments. Hybridization with F. homotropicum can significantly im-
prove the viability of self-pollinated inbred crop buckwheat lines [34, 35].  An-
other approach is to increase ecological plasticity and stability of the reproduc-
tion to ensure high and stable yields. In this, breeding for increased activity 
and efficacy of photosynthesis remains a reserve [44, 45].   

So we are the first to demonstrate no significant increase in the stability 
and adaptability of photosynthesis, seed production and seed formation as a re-
sult of buckwheat breeding. In our experiments, the rate of photosynthesis and 
dry matter accumulation, as well as the efficient use of assimilates for seed for-
mation under the dry conditions were on average 38.4 % lower compared to 
those in the years that were favorable for moisture conditions and temperature. 
Modern cultivars demonstrated high rates of photosynthesis and formed high 
productivity under the favorable conditions only, but under stress had no advan-
tages compared to cultivars derived in earlier breeding periods and to local 
forms. The leaf photosynthetic rate in buckwheat plants was found to be a widely 
varying genotypic trait (from 4.65 to 17.80 mmol СО2Łm2Łs1), which makes it 
possible to select the forms for this parameter both by hybridizing and using 
mass selection within an individual cultivar population.    
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