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ABSTRACT
Growing crops as cover or companion crops, as well as for green manure, forms the basis of sustainable and organic 

field crop production. This practice helps reduce soil degradation and supports sustainable soil management. The aim of 
this field study was to evaluate the effects of crop management systems on the growth and biomass yield of two varieties 
of common buckwheat. The crop management systems tested were: common buckwheat (Zoe and Harpe) grown alone 
(control), intercropped with sorghum (Sorghum bicolor), intercropped with a mixture of lacy phacelia (Phacelia tanacetifo-
lia) and white mustard (Sinapis alba), and grown in postharvest wheat residues (straw). The experiment was laid out in 
a randomized complete block design with three replicates. Data were collected on plant height (cm), number of leaves/
plant, number of branches/plant, total leaf area/plant (cm2), stem diameter (cm), and biomass yield (t/ha). Crop man-
agement systems had a significant effect on the number of branches/plant, stem diameter, and overall biomass yield of 
buckwheat. The highest biomass yield (1.13 t/ha dry weight) was obtained from Harpe variety intercropped with Phace-
lia + Sinapis, while the lowest value 0.71 t/ha was recorded in the control. Given the high biomass yields, intercropping 
common buckwheat with Phacelia + Sinapis mixtures is a promising option for green manure production. Although the 
buckwheat varieties differed in number of leaves, leaf area, and number of branches/plant, the variety used did not have 
a statistically significant effect on biomass yield.
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INTRODUCTION
Common buckwheat (Fagopyrum esculentum Mo-

ench) is a fast-growing crop in the knotweed family Poly
gonaceae cultivated primarily for its achenes, but also as 
a cover crop or intercrop for sustainable crop production 
(Falquet et al. 2015). In soil, buckwheat enhances organic 
carbon, nutrient cycling and microbial activities, reduces 
erosion by mitigating raindrop impact and run off, and 
contributes to moisture conservation (Kato-Noguchi 
et al. 2007;  Glaze-Corcoran et al., 2020). Additionally, 
buckwheat exhibits the ability to suppress weeds through 
root allelopathy and the specific leaf arrangemet (Woźni-
ak et al., 2025), provides effective soil protection and 
supports insect pollinators during flowering (Liszewski 
& Chorbiński, 2021). 

A crop management system is a logical combination 
of agricultural practices orderly or operations applied to 
a field in order to obtain a desired level of crop produc-
tion (Sun et al., 2018; Maitra et al., 2021). It also consists 
of a mixture of crops of different species grown in the 
same field, to achieve more sustainable and profitable 
crop cultivation (Maitra et al., 2019; Ren et al., 2019). 
A crop management system encompasses the strategies 
used by farmers to grow, maintain and harvest crops in a 
given agroecosystem (Gao et al., 2024). The system focu
ses on beneficial interactions, efficient resource use, and 
controlling pests, weeds, and diseases to maximize yield 
(Woźniak et al., 2025).  Sustainable management stra
tegies aim to improve soil fertility, water use, and plant 
protection by leveraging the synergistic effects between 
crops (Chen et al., 2019; Lin et al. 2019). Crop manage-
ment strategies may differ in how they balance plant 
responses, competition, complementary, and functional 
diversity (Akhtar et al., 2018). 

Intercropping utilizes complementary interactions 
between species, and crop mixtures promote increased 
vegetative growth and higher biomass yields (Qu et al., 
2023; Groß et al., 2024). Intercropping and cover crops 
can significantly influence plant growth, therefore farm-
ers should consider appropriate intercropping strategies, 
planting geometry, and plant protection measures to 
achieve desired yield (Maitra et al., 2019; Moreira et al., 
2024). Mulching modifies the soil microenvironment and 
support plant growth, while crop mixtures use functional 
diversity to maintain biomass production and enhance 
ecosystem benefits (Zhang et al., 2011; Lin et al., 2019). 

While monoculture provides a baseline, it often 
lacks resource efficiency and ecological benefits (Feng et 

al., 2021; Gao et al., 2024) High-input systems, such as 
uncontrolled usage of mineral fertilizers and pesticides, 
often result in higher biomass production but can have 
negative environmental consequences (Sun et al., 2018; 
Basaran, et al., 2020). Crop management practices that 
enhance soil health and nutrient cycling, thereby in-
creasing biomass production and resource use efficiency 
should be prioritized.

By comparing crop management systems in buck-
wheat production, their roles can be better understood 
— not only in terms of yield, but also in relation to green 
manuring and cover cropping for agricultural sustaina-
bility. Therefore, this study aims to evaluate the effects 
of different crop management systems on the vegetative 
growth and biomass yield of two varieties of common 
buckwheat (F. esculentum). 

MATERIALS AND METHODS

Experimental location and design
The field study with common buckwheat was carried 

out at the Teaching and Research Farm, Faculty of Ag-
riculture and Technology, University of South Bohemia, 
České Budejovice (48°58'43.15"N and 14°26'54.3"E, 380 
m elevation, sandy–loam soil, pH 5.6, average annual 
temperature 9.7°C, average annual total precipitation 
808 mm) during the 2024 cropping season. 

The experiment was a 2 × 4 factorial scheme fitted 
into a Randomized Complete Block Design. The crop 
management systems tested were: two varieties of com-
mon buckwheat (Zoe and Harpe) grown alone (control), 
intercropped with sorghum (Sorghum bicolor, Ruzrok vari-
ety), intercropped with a mixture of lacy phacelia (Phace-
lia tanacetifolia, Fiona variety) and white mustard (Sinapis 
alba, Sněženka variety) and grown in postharvest wheat 
residues (straw) with the 8 treatment combinations repli-
cated three times to give a total of 24 plots.

Seeds of the 2 varieties of buckwheat were sown in 
rows at a spacing of 25cm while sorghum and Phacelia + 
Sinapis were sown between rows of buckwheat at a spac-
ing of 12.5cm by a precision seed drill. A total population 
of 200 plants/m2 was involved for buckwheat planted 
alone (control) and 100 plants/m2 each for both buck-
wheat in intercrop with sorghum treatment as well as in 
mixtures with Phacelia + Sinapis treatment. The individu-
al testing plot size of 1.25 × 4m was measured with 1m 
within plots and between replicates. Planting took place 
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on 23rd June, 2024. At 4 weeks after planting (at flower-
ing stage) data were collected.

Vegetative growth parameters
In each plot, a total of ten plants from two middle 

rows per plot were randomly tagged for data collection. 
The parameters measured were: 

Plant height (cm) was taken with a measuring tape 
from the soil surface to the apex of the crop where the 
youngest leaf branches. 

Number of leaves per plant and number of branches 
per plant were visually counted. 

Total leaf area per plant (cm2) was measured from 
leaves at the middle canopy (fifth fully expanded leaf) 
using Petiole Pro plant leaf area meter app (Breskinaa 
& Chuyana, 2021) and the value was multiplied by total 
number of leaves/plant.

Stem diameter (cm) was obtained using a digital ver-
nier caliper (at 2 cm) above the ground level. 

Biomass yield (t/ha) was determined by harvest-
ing the whole plant at 2 cm above the ground level and 
weighed. The forage yield was calculated using the formu-
la described by Nwajei et al. (2019), as stated below:

Forage yield (t/ha ) =
	 Fresh weight (g)	

x
	 10000 (m2)	 1

	Harvested plot area (m²)		  1000	 1000

The dry matter weight of the harvested ten plants per 
plot was determined by oven–drying the plants at 70oC 
to a constant weight according to Saifullah et al. (2011) 
and the values were calculated to t/ha using the same for-
mula as used for forage yield.

The dry matter % was calculated using the formula 
described by Saifullah et al. (2011) as shown below:  

% Dry Matter =
	 dry weight	

x
	 100

	 fresh weight		  1

Statistical analysis
All data obtained were analyzed using analysis of Vari-

ance (ANOVA) with GenStat 12th edition software program 
(GenStat, 2009). Means were compared using Duncan’s 
Multiple Range Test (DMRT) at 5% level of probability. 

RESULTS

Plant height 
The tallest plants were recorded by the buckwheat 

grown with straw residues while the sole buckwheat plants 
were the shortest (Table 1). Zoe variety was taller than 
Harpe. However, the variety  as well as the different crop 
management systems did not significantly influence the 
plant height of buckwheat. The variety and crop manage-
ment system interaction affected the height of buckwheat 
significantly. Plants of Zoe variety mulched with straw 
had the highest plant height (49.24cm), while the plants 
of sole Harpe variety had the lowest height (32.85cm).

Number of leaves
The mean number of leaves per plant varied from 

8.17–8.60 in Zoe and 7.17 to 8.57 in Harpe variety (Ta-
ble 1). Zoe mulched with straw had the highest number 
of leaves per plant (8.60), while Harpe in monoculture 
had the lowest (7.17). The varieties sowed and their in-
teraction with the crop management system significantly 
affected the number of leaves per plant of buckwheat. 
Although Zoe had generally a higher number of leaves/
plants than Harpe, both varieties had similar values, 
approximately 8 leaves per plant. Similarly the plants 
inrcroped with Phacelia + Sinapis, which had the highest 
number of leaves/plant, showed valuees close to 8 leaves, 
compareble to other treatments. 

Number of branches
The number of branches per plant of two common 

buckwheat varieties was significantly influenced by the 
varieties, crop management systems and variety × crop 
management system interaction (Table 1). The number 
of branches per plant ranged from 4.23 – 4.87 and 2.93 – 
4.40 in Zoe and Harpe. Overall, Zoe + sorghum intercrop 
had the highest number of branches/plant (4.87) while 
sole Harpe had the lowest (2.93). Generally, the plants in-
tercropped with sorghum, which had the highest values, 
produced a similar number of branches per plant, ap-
proximately 5, to those grown in the mixture with Phace-
lia + Sinapis. Zoe had the higher (4.51) average number of 
branches/plant than Harpe (3.71).
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Total leaf area
The crop management system, variety, and their in-

teraction significantly affected the total leaf area pro-
duced by the buckwheat (Table 1). The total leaf area 
varied from 5649.83–8455.62 cm2 in Zoe and 4518.09 
–7536.16 cm2 in Harpe. In total, the highest leaf area of 
buckwheat was recorded in Zoe grown with straw resi-
dues (8455.62 cm2), while the lowest was observed in the 
Harpe +   mixture (4518.09 cm2). Plants mulched with 
straw and those in mixture with Phacelia + Sinapis showed 
the highest and lowest total leaf area/plant. Zoe had a 
higher total leaf area than Harpe.

Stem diameter
The crop management system had a significant effect 

on the stem diameter of both common buckwheat varie-
ties (Table 1). The effect of variety on the stem diameter 

was not significant. There was also a significant (P≤ 0.05) 
interaction between variety and crop management sys-
tem. 

The highest stem diameter was recorded in the Har-
pe + sorghum treatment (0.68 cm), while the lowest was 
observed in sole Harpe (0.52 cm) (Table 1). On average, 
Zoe had a larger stem diameter than Harpe. Across the 
different crop management systems, the stem diameter 
of the plants was approximately 1 cm.

Yield 
Plants harvested from the mixtures with Phacelia + 

Sinapis produced the highest forage yield of buckwheat, 
while those mulched with straw had the lowest. It was 
also observed that Zoe produced a higher forage yield 
(4.42 t/ha) than Harpe (4.20 t/ha). The highest (5.52 t/
ha) was obtained from Harpe intercropped with Phace-

Treatment
Plant  
height  
(cm)

Number of 
leaves/
plant

Number of 
branches/
plant

Total leaf 
area
(cm2)

Stem 
diameter
(cm)

Variety (V)
ZOE 45.86 8.32a 4.51a 7490.70a 0.61
HARPE 37.64 7.83b 3.71b 6141.99b 0.58
Crop management system (CMS)
Sole 39.53 7.75 3.58b 7175.91a 0.54b
Intercrop with Sorghum 42.14 8.03 4.63a 7496.81a 0.64a
Mulched with straws 43.57 8.15 3.75b 7508.69a 0.56b
Mixture with Phacelia + Sinapis 41.77 8.37 4.47a 5083.96b 0.64a
Interaction (V x CMS)
Sole Zoe 46.20ab 8.33a 4.23a 8399.87a 0.56c
Zoe + Sorghum 43.87ac 8.17ab 4.87a 7457.47ab 0.60ac
Zoe + Straw 49.24a 8.60a 4.23a 8455.62a 0.57bc
Zoe + Phacelia + Sinapis 44.13ac 8.17ab 4.70a 5649.83bc 0.60ac
Sole Harpe 32.85d 7.17b 2.93b 5951.95bc 0.52c
Harpe + Sorghum 40.42bc 7.90ab 4.40a 7536.16ab 0.68a
Harpe + Straw 37.90cd 7.70ab 3.27b 6561.77ab 0.56c
Harpe + Phacelia + Sinapis 39.41bd 8.57a 4.23a 4518.09 c 0.67ab
SL
V 1.52ns 0.23* 0.44* 426.95* 0.05ns
CMS 2.16ns 0.32ns 0.62* 603.60* 0.07*
V x CMS 3.05* 0.46* 0.87* 853.90* 0.09*

Table 1. Effect of crop management system on the growth of two varieties of common buckwheat

Values with same letter(s) in columns for: V. Variety, CMS. Crop management system and V×CMS. Interaction, are not significantly 
different using Duncans’ multiple range test at 5% level of probability. SL: Significant level; ns: not significant.
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lia + Sinapis, while the lowest (2.75 t/ha) was recorded in 
sole-cropped Harpe.

The total dry matter yield varied significantly from 
0.86 to1.05 t/ha in Zoe and 0.79–1.13 t/ha in Harpe. 
However, Zoe had a slightly higher (0.97 t/ha) average 
dry matter yield compared to Harpe (0.94 t/ha).  The 
highest and lowest dry matter yields were recorded in 
Harpe intercropped with Phacelia + Sinapis (1.13 t/ha) 
and in the sole-cropped Harpe control (0.71 t/ha), re-
spectively.

The results also showed that crops mulched with 
straw had a significantly higher dry matter percentage, 
while those intercropped with Phacelia + Sinapis had the 
lowest. The dry matter percentage ranged from 20.38% 
to 25.58% in Zoe and from 20.49% to 27.65% in Harpe. 
Although Harpe had a higher dry matter percentage over-
all, the difference between the two varieties was not sta-
tistically significant. The highest dry matter percentage 
(27.65%) was observed in sole-cropped Harpe, while the 

lowest (20.38%) was recorded in Zoe intercropped with 
Phacelia + Sinapis.

DISCUSSION 

Effect of crop management system on the plant 
height of two varieties of common buckwheat

Plant height is an important component of vegeta-
tive parameter which serves as a key indicator of a plant’s 
growth status, health, and genetic potential.  It is a cru-
cial parameter in agriculture for predicting crop yield, bi-
omass, and susceptibility to lodging.  In this study, crop 
management systems as mulching promoted the growth 
of taller plants in both common buckwheat varieties 
compared to monoculture. This may be due the fact that 
crop management system influence buckwheat growth 
through effect on resource availability by improving wa-
ter and nutrient accessibility. Virili et al. (2024) report-

Treatment Forage yield 
(t/ha)

Dry matter yield 
(t/ha)

Dry matter 
%

Variety (V)
ZOE 4.42 0.97 22.69
HARPE 4.20 0.94 23.72
Crop management system (CMS)
Sole 3.85bc 0.83c 24.46ab
Intercrop with Sorghum 4.73ab 0.88bc 22.14ab
Mulched with straws 3.29c 1.02ab 25.78a
Mixture with Phacelia + Sinapis 5.37a 1.09a 20.43b
Interaction (V x CMS)
Sole Zoe 4.96ab 1.05ab 21.27ab
Zoe + Sorghum 4.05ac 0.92ac 23.52ab
Zoe + Straw 3.46bc 0.86bc 25.58ab
Zoe + Phacelia + Sinapis 5.22a 1.05ab 20.38b
Sole Harpe 2.75c 0.71c 27.65a
Harpe + Sorghum 5.40a 1.12a 20.77b
Harpe + Straw 3.12c 0.79c 25.99ab
Harpe + Phacelia + Sinapis 5.52a 1.13a 20.49b
SL
V 0.37ns 0.05ns 1.43ns
CMS 0.53* 0.07* 2.02*
V x CMS 0.74* 0.11* 2.86*

Table 2. Effect of crop management system on the forage and dry matter yield of two varieties of buckwheat

Values with same letter(s) in columns for: V. Variety, CMS. Crop management system and V x CMS. Interaction, are not significantly 
different using Duncans’ multiple range test at 5% level of probability. SL: Significant level; ns: not significant
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ed that buckwheat in mixtures produced highest plant 
heights and differed significantly from those in monocul-
tures which agreed with the result of the present study.

Effect of crop management system on the number 
of leaves/plant of common buckwheat

The number of fully expanded leaves produce by a 
single plant reflects the plant’s developmental stage and 
their ability to capture light for photosynthesis and pro-
duction of assimilates. In this study, crop management 
systems interacted significantly with the varieties. How-
ever, the mixture of Harpe with Phacelia + Sinapis encour-
aged more leaves per plant than other treatments. This 
may be due to unterspecific competition within the mix-
ture, which could have stimulated leaf development as a 
response to shading. Similarly, Heuermann et al. (2019); 
Groß et al. (2024) reported that crop mixtures interac-
tions among species can promote plant growth.

Effect of crop management system on the number 
of branches/plant of common buckwheat

Branches are stem-like structures that grow from the 
main stem of a plant and contribute to canopy expan-
sion and biomass production. Intercropping systems ap-
peared to promote branching in buckwheat, potentially as 
a strategy to fill canopy gaps and compensate for shading, 
especially under taller intercrop partners like sorghum. 
Overall, intercropping buckwheat with sorghum or with 
Phacelia + Sinapis promoted a higher number of branches 
per plant compared to monoculture. This suggests that 
intercropping may stimulate lateral growth in response 
to light competition. Wortman et al. (2012); Couëdel et 
al. (2018) reported similar findings, suggesting that com-
petitive species in intercrops may benefit from comple-
mentary interactions. Gao et al. (2024) also observed in-
creased vegetative branching in buckwheat intercropped 
with alfalfa compared to monoculture.

Effect of crop management system on the total leaf 
area/plant of common buckwheat

Total leaf area is a critical determinant of photo-
synthetic capacity and biomass accumulation (Chen et 
al., 2019; Nwajei et al., 2019). In this study, buckwheat 
mulched with straw had the highest total leaf area, like-
ly due to enhanced soil moisture retention, temperature 

regulation, and nutrient availability. These findings are 
consistent with those of Qu and Feng (2022), who re-
ported that straw mulching increased leaf area in cereals 
and pseudocereals by conserving soil moisture and stabi-
lizing soil temperature.

Effect of crop management system on the stem di-
ameter of common buckwheat

Stem diameter is a measure of stem thickness which 
indicate plants strength mechanism, ability to absorb 
water and nutrients and allocation of assimilate to their 
structural tissues. Buckwheat plants intercropped with 
sorghum or with Phacelia + Sinapis developed thicker 
stems compared to those grown in monoculture or un-
der straw mulch. This may be due to the fact, that thicker 
stems are associated with the ability to withstand or re-
sist lodging conditions, higher nutrient uptake and great-
er support for plant development. These results align 
with the findings of Woźniak et al. (2025), who report-
ed increased stem diameter in intercropped buckwheat 
compared to monoculture. Similar results were also ob-
served by Basaran et al. (2020) in alfalfa–intercrop with 
an annual companion crop, supporting the findings of 
the present study.

Effect of crop management system on the biomass 
yield of common buckwheat

The forage yield is the weight of the above ground 
plant part taken at a specific stage of growth (Mariotti 
et al., 2016). It also includes water content, structural 
tissues and assimilates which are needed for animal feed-
ing, soil cover, and short-term biomass supply. The dry 
biomass yield on the order hand is the oven dried weight 
of the above ground plant parts representing the struc-
tural tissues and biomass accumulated by crops after wa-
ter have been removed (Omoregie et al., 2020).

In this study, intercropping systems involving sor-
ghum, Phacelia + Sinapis, and straw mulch significantly 
improved forage and dry matter yields compared to mon-
oculture. The mixture of buckwheat with Phacelia + Sinapis 
in particular provided canopy closure, which is beneficial 
for weed suppression and pollinator habitat provision. 
These results are in agreement with those of Virili et al. 
(2024), who reported significantly higher buckwheat bio-
mass yields in crop mixtures compared to monocultures.
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CONCLUSION
Crop management systems had a statistically signifi

cant effect on the number of branches/plant, total leaf 
area, stem diameter, and biomass yield of buckwheat 
with the intercrops and the mixtures being more favour-
able than other treatment and the control. 

The effect of the crop management system—particu-
larly the mixture with Phacelia + Sinapis and intercrop-
ping with sorghum—resulted in higher growth and bio-
mass yield of buckwheat compared to monoculture and 
treatments mulched with wheat straw.

The mixture of Harpe + Phacelia + Sinapis produced 
the highest fresh (5.52 t/ha) and dry matter (1.13 t/ha) 
yields, while the control (monoculture) recorded the low-
est values - 2.75 t/ha and 0.71 t/ha, respectively. Given 
these high biomass yields, intercropping common buck-
wheat with lacy phacelia and white mustard is a prom-

ising option for green manure production. Although the 
buckwheat varieties differed in vegetative traits such as 
number of leaves, total leaf area, and number of branches 
per plant, the variety used did not have a statistically sig-
nificant effect on biomass yield.

Sorghum as a companion crop synergistically im-
proved the overall biomass yield of buckwheat. This 
underscores the value of diversified crop management 
systems—particularly intercropping—for enhancing 
buckwheat’s potential use in organic manuring and cover 
cropping.
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IZVLEČEK

Rast in pridelek biomase navadne ajde (Fagopyrum esculentum (L.) Moench) pri različnih sistemih pridelovanja
Gojenje rastlin kot pokrovnih ali spremljevalnih kultur ter za zeleno gnojenje je osnova trajnostne in ekološke pri-

delave poljščin. Tak način pomaga zmanjševati degradacijo tal in podpira trajnostno upravljanje s tlemi. Namen tega 
poskusa pridelovanja je bil oceniti vpliv sistemov pridelovanja rastlin na rast in pridelek biomase dveh kultivarjev na-
vadne ajde. Testirani sistemi upravljanja s pridelkom so bili: navadna ajda (kultivarja Zoe in Harpe) kot samostojen 
posevek (kontrola), v vmesnem posevku s sirkom (Sorghum bicolor), v vmesnem posevku z mešanico facelije (Phacelia 
tanacetifolia) in bele gorčice (Sinapis alba), ter gojena z ostanki pšenice po žetvi (slama). Poskus je bil zasnovan v popol-
noma randomiziranem bloku s tremi ponovitvami. Podatki so bili zbrani o višini rastlin (cm), številu listov na rastlino, 
številu vej na rastlino, skupni površini listov na rastlino (cm2), premeru stebla (cm) in pridelku biomase (t/ha). Načini 
pridelovanja so imeli pomemben vpliv na število vej na rastlino, premer stebla in skupni pridelek biomase ajde. Najvišji 
pridelek biomase (1,13 t/ha sušine) je bil dosežen pri sorti Harpe, posejani z vmesnim posevkom facelijo in belo gorči-
co, medtem ko je bila najnižja vrednost 0,71 t/ha ugotovljena v kontrolni skupini. Glede na visoke pridelke biomase je 
skupna setev ajde z mešanico facelije in bele gorčice obetavna možnost za pridelavo zelene mase za podor. Čeprav sta 
se sorti ajde razlikovali po številu listov, površini listov in številu vej na rastlini, uporabljeni sorti nista imeli značilnega 
vpliva na pridelek biomase.


