
Janusz PODLEŚNY, Anna PODLEŚNA, Michał NĘDZI „Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(3) 70

Janusz PODLEŚNY1, Anna PODLEŚNA1, Michał NĘDZI 2 
1 Institute of Soil Science and Plant Cultivation – State Research Institute (IUNG-PIB) 
Czartoryskich 8, 24-100 Puławy, Poland 
2 Agricultural Experimental Station IUNG-PIB in Grabów, 26-704 Przyłęk, Poland 
e-mail: jp@iung.pulawy.pl 

Received: 2018-07-10 ; Accepted: 2018-09-10 
 

FORECROP VALUE OF BLUE AND YELLOW LUPINE FOR WINTER  WHEAT 
 

Summary 
 

Besides a very good protein fodder legumes can also leave a good stand for the forecrop. In effect of legumes symbiosis 
with bacteria they are able to fixed N2. Thanks to that their cultivation does not require high doses of nitrogen fertilizers, 
and fixed nitrogen is also available in the soil for the successive crop. The aim of researches was to recognize the impact of 
blue and yellow lupine forecrops on yielding of winter wheat and compare these effects with the impact of spring barley. 
The studies were led at Agricultural Experimental Station in Grabów which belongs to the Institute of Soil Science and 
Plant Cultivation – State Research Institute in Puławy. Winter wheat var. Arkadia was sown after blue lupine var. Zeus, yel-
low lupine var. Dukat and after spring barley var. Johan. Winter wheat density amounted to 5 m plants per ha, and area of 
plots to harvest – 24 m2. During the flowering of wheat following measurements were performed: plant height, leaf area 
(AM 300; ADC BioScientific Ltd. UK) and SPAD values (SPAD -502; Minolta Japan), whereas before the harvest, at full 
maturity were determined: number of shoots, number of ears and grains in the ear, the mass of straw, ears and grain, as 
well as weight of 1000 grains. These measurements were performed on the 10 plants randomly selected from each plots. Af-
ter the harvest there were determined the grain yield and its moisture as well as nitrogen content in the grain (Kjeldahl 
method). It was found beneficial effect of a forecrop on wheat yielding and its elements structure (i.e. number of ears, num-
ber of grains per plant and weight of 1000 grains). The influence of a forecrop on yielding level of winter wheat was in the 
great degree dependent on course of weather condition in the years of research and the lupine species. In the unfavorable 
years to wheat cultivation the difference between yields of winter wheat cultivated after good and weak forecrop was 
greater than in years with favorable weather course. 
Key words: winter wheat, blue lupine, yellow lupine, barley, residual effect, yielding, yield structure, content and yield of 
protein 
 

WARTO ŚĆ PRZEDPLONOWA ŁUBINU W ĄSKOLISTNEGO I ŻÓŁTEGO  
DLA PSZENICY OZIMEJ 

 

Streszczenie 
 

Oprócz bardzo dobrej paszy białkowej rośliny strączkowe mogą pozostawiać także dobre stanowisko dla rośliny następczej. 
Jest to efektem współżycia roślin strączkowych z bakteriami symbiotycznymi (N2) dzięki czemu w ich uprawie stosuje się 
mniejsze dawki nawozów azotowych, a związany azot jest dostępny w glebie także dla roślin następczych. Celem badań było 
rozpoznanie wpływu następczego przedplonów łubinu wąskolistnego i żółtego na plonowanie pszenicy ozimej i porównaniu 
tego efektu do działania jęczmienia jarego. Badania prowadzono w Rolniczym Zakładzie Doświadczalnym w Grabowie na-
leżącym do IUNG-PIB w Puławach. Pszenicę ozimą odmiany Arkadia wysiewano po łubinie wąskolistnym odmiany Zeus, 
łubinie żółtym odmiany Dukat i jęczmieniu odm. Johan. Obsada pszenicy ozimej wynosiła 5 mln roślin/ha, a powierzchnia 
poletek do zbioru – 24 m2. W okresie kwitnienia pszenicy wykonano pomiary wysokości roślin, powierzchni liści (AM-300; 
ADC BioScientific Ltd., UK) oraz wartość wskaźnika SPAD (SPAD-502; Minolta Co., Ltd Japan), natomiast przed zbiorem 
w fazie dojrzałości pełnej na 10 roślinach losowo wybranych z każdego poletka określono liczbę pędów, liczbę kłosów i zia-
ren w kłosie, masę słomy, kłosów i ziarna, a także masę 1000 ziaren. Po zbiorze określono plon ziarna i jego wilgotność 
oraz zawartość azotu w ziarnie (metodą Kjeldahla). Stwierdzono korzystny wpływ przedplonu na plonowanie i elementy 
struktury plonu pszenicy ozimej (tj. liczbę kłosów, liczbę ziaren z rośliny i masę 1000 ziaren). Oddziaływanie przedplonu na 
poziom plonowania pszenicy ozimej było w dużym stopniu zależne od przebiegu warunków pogodowych w latach badań 
oraz gatunku łubinu. W latach niesprzyjających uprawie pszenicy różnica między plonami pszenicy ozimej uprawianej po 
dobrych i słabych przedplonach była większa niż w latach z korzystnym przebiegiem pogody. 
Słowa kluczowe: pszenica ozima, łubin wąskolistny, łubin żółty, wpływ następczy, plonowanie, struktura plonu, zawartość  
i plon białka 
 
1. Introduction 
 
 At present lupines cover the greatest area of cultivation 
among all species of legumes cultivated in our country [15]. 
These species are cultivated mainly for seeds which are an 
important plant raw material to production of high protein 
fodder [9, 14]. Thanks to symbiosis with bacteria lupines 
fix great amount of nitrogen [7], therefore nitrogen fertiliza-
tion is not used at their cultivation [11, 12, 13]. Legumes 
use only part of fixed nitrogen for their needs and after their 
cultivation 40-90 kg N/ha remain in the soil, as it results 

from research of Szukała [18]. Besides, the crop residues 
left in the soil enrich it by humus, phosphorus and potas-
sium [5]. Additionally thanks to deep root system legumes 
restrict the soil degradation by drainage and structure-
action. Therefore besides very valuable protein fodder lu-
pines remain also very good stand for a successive crop. 
This issue fits very well for the rules of ecological agricul-
ture, in which the use of mineral nitrogen is forbidden, so 
nitrogen fixed symbiotically is of particular importance [6]. 
A great progress made in the breeding of blue and yellow 
lupine concerns among others obtaining of the new varie-
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ties with increased resistance of pods to cracking and 
greater yielding possibilities [16]. The new lupine species 
have changed the morphological structure, plants are con-
siderably lower, produce lower vegetative mass if com-
pared to cultivated, older ones. These differences concern 
also separate species and even varieties of lupines. It can be 
then supposed that the stand after varieties of blue and yel-
low lupine cultivated at present could have different fore-
crop value for successive plants than older varieties and ce-
real plant.  
 The aim of studies was to recognize successive impact 
of blue and yellow lupine on winter wheat yielding in com-
parison to the effect of spring barley as a forecrop. 
 

2. Material and Methods 
 

 The field studies were conducted in the years 2009-2011 
at Agricultural Experimental Station in Grabów, which be-
longs to the IUNG-PIB in Puławy. The experiment was es-
tablished on very good rye complex (class IIIa), by the 
method of equivalent blocks (split-plot-split–block), in the 
4 replications. Content of nutrients in the soil amounted 
(mg/kg of soil): Mmin – 0,24; P – 41,4; K – 36,2; Mg – 1,61 
and the pH – 6,5. The following fertilization was applied in 
the experiment: before sowing – 15 kg N/ha, 50 kg P2O5 
and 75 kg K2O in the form of Polifoska 6, whereas in the 
early spring before starting of vegetation – 25,6 kg N/ha 
and in the shooting phase – 14,4 kg N/ha in the form of 
ammonium nitrate. Crop residues were plowed in autumn 
after the harvest of a forecrop.  
 An experimental factor included a field for wheat culti-
vation after: blue lupine var. Zeus, yellow lupine var. Dukat 
and spring barley var. Johan. Winter wheat var. Bomberka, 
in the density 500 plants/m2 was cultivated as a successive 
crop. Seeds of wheat were sown by drill - Amazone D8, 
every year in the end of September or in the beginning of 
October, on the depth 2-3 cm and with the 12 cm row spac-
ing. Certified seed lot which was characterized by 99% pu-
rity of seeds and 94% germinating capacity was used in the 
experiment. As a herbicide was used Komplet 560 SC in 
the dose of 0,5 l/ha.  
 During the wheat flowering measurements of plant 
height, leaves area and the value of SPAD indicator 
(SPAD-502 were performed (Minolta Co., Ltd. Japan), 
which shows the chlorophyll content in the leaves, whereas 
before the harvest (in the full maturity phase) on 10 plants 
randomly selected from each plot were determined: the 
number of shoots, number of ears and grains in the ear, 
mass of all wheat organs, as well as weight of 1000 grains. 
After the harvest were determined: the grain yield and its 
moisture as well as nitrogen content in the grain (Kjeldahl 
method). Protein content in the wheat grain was counted 
from the formula Zb=Nx5,7; where Zb means protein con-
centration, N- nitrogen concentration according to the 
Kjeldahl method and 5,7 – coefficient for protein account-
ing in the cereal grain. Plots area to the harvest amounted to 
24 m2. Grain harvest was performed with the Seedmaster 
harvester in the end of July or in the beginning of August. 
Obtained results, as a means from 4 replications, were 
elaborated with the analysis of variance method, with use of 
half-interval at the significant level α=0,05. 
 The course of weather conditions in the years of re-
search was presented on the Fig. 1. The amount of precipi-
tation in the particular years in the period of April – August 
was similar, but their distribution was not uniform. The 

greatest precipitation deficit occurred in April and May 
2009, and the greatest amount was noted in June and July 
2009, May 2010 and July 2011.  
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Source: own study / Źródło: opracowanie własne 
 

Fig. 1. Weather conditions in the vegetation period  
Rys. 1. Warunki pogodowe w okresie wegetacji  
 
 In 2009 summary amount of precipitation during the 
wheat vegetation amounted to 338 mm and was considera-
bly lower than in 2010 when it was 394 mm, and a slightly 
lower than in 2011 – 353 mm. It can be considered that dif-
ference in amount of precipitation did not occur between 
the research years, whereas their uniformity was strong dif-
ferentiated in the period of winter wheat vegetation. Ther-
mal conditions in analyzed years were also very similar. 
Only the slightly greater differences concerning the values 
of mean daily temperatures were noted in April 2009 and in 
July and August 2010. 
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3. Results and Discussion 
 
 In spite of similar amount of precipitation and approxi-
mate values of daily mean temperatures in the particular 
research years, the short term and intensive weather phe-
nomenons occurred that caused the great changes in the 
plant vegetation course and significantly affected the size of 
grain yield. Drought was weather factor which has a nega-
tive effect on plants vegetation in 2009, especially when 
occurred in April and May and caused wheat plants inhibi-
tion. Moreover, strong winds occurred in the second part of 
April what increased soil drying, and also considerably re-
stricted the efficiency of soil herbicides action. Abundant 
rainfall, small amount of sunny days and substantial cooling 
in June also affected unfavorably growth and development 
of plants. Then, at the beginning of July abundant rainfall 
occurred connected to hail what, in a consequence, caused 
the plant logging. The course of weather conditions in the 
years 2010 and 2011 was more favorable for winter wheat 
cultivation than in 2009. However, no occurring unfavor-
able weather features were noted. Although in July 2010 
the amount of precipitation was lower than in the both re-
maining research years, and in August a slightly higher than 
the average of daily mean temperatures, weather conditions 
in these years were more favorable to wheat cultivation. 
 Plant emergence occurred after 16-19 days from sow-
ing. Wheat seeds were characterized by high germination 
capacity therefore a great uniformity and dynamics of plant 
germination was found . Moreover, obtained plant density 
after the emergence was very close to that presumed in the-
ory. 
 The forecrop has differentiated the mass of vegetative 
and generative wheat organs (Fig. 2). The highest yield of 
these organs of dry matter was produced by wheat plants 
cultivated after yellow lupine, considerably lower after blue 
lupine, and the lowest - cultivated after barley. However, 
significance of differences between yield of lupines and 
barley was proved statistically as regards all analyzed plant 
organs. While, in the case of yellow and blue lupine the 
significance of difference concerned only yield of straw. It 
means that a forecrop had greater effect on mass of vegeta-
tive than generative organs of the successive plant. 
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Fig. 2. Dry matter yield of winter wheat cultivated after 
various forecrops (2009-2011) 
Rys. 2. Plon suchej masy pszenicy ozimej uprawianej po 
różnych przedplonach (2009-2011) 

 The course of weather conditions in the research years 
had the significant effect on wheat grain yield. The greatest 
grain yield of wheat was obtained in 2010, and the least – in 
2009 (Fig. 3). It is worth noting that at the less favorable 
weather conditions the differences between wheat yield ob-
tained after good forecrop (lupine) and weak (barley) was 
greater than in the case of wheat cultivation in the more fa-
vorable weather conditions. In 2009 which was considered 
as the unfavorable for wheat cultivation the yield increase 
caused by good forecrop amounted to 24,8%, and in 2010, 
in which weather conditions were the best for the wheat 
cultivation the yield increased only by 6,2%. It must be 
recognized that obtained yield increase of wheat cultivated 
after lupine in the pure sowing was not too great. From the 
Piekarczyk [10] studies results that winter wheat cultivated 
after the blue lupine can yielding even about 50% better 
than after the barley. The increase in cereal yield cultivated 
after the legumes is the most frequently a consequence of 
nitrogen excess left in the post-harvest residues [19], re-
striction of diseases development [17], weed infestation of 
stand [2] and the improving of soil structure [1]. 
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Fig. 3. Grain yield of winter wheat cultivated after various 
forecrops 
Rys. 3. Plon ziarna pszenicy ozimej uprawianej po różnych 
przedplonach 
 
 It should be also underlined that the stand after the both 
species of lupine was much better than after the cultivation of 
barley, while after the yellow lupine considerably better than 
after the blue lupine. It was found especially in 2009, when 
weather conditions did not favor the wheat cultivation. It can 
be supposed that better stand to wheat cultivation after yellow 
than blue lupine results from the fact that yellow lupine leaves 
greater amount of after-harvest residues [4] and fixes greater 
amount of nitrogen than the blue lupine [7]. The confirmation 
of this supposition can be found in the studies conducted by 
Kozak and Kotecki [8], in which it was shown that winter 
wheat yielded the best when most after-harvest residues were 
in the soil and the greater density of legume -pea was applied 
in the cultivation. 
 For all research years the average yield increase of 
wheat cultivated after blue and yellow lupine in relation to 
barley as a forecrop amounted: to 10,8 and 16,1%. 
 The attention should be paid to considerable differentia-
tion of wheat yielding in the research years. The indicator 
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of wheat yielding stability in the years reached mean for all 
forecrops and amounted to 87,4%, while for cultivation af-
ter blue lupine, yellow lupine and barley, respectively: 88,2; 
91,3 and 78,4%. It means that after the good forecrops win-
ter wheat yielding is more stable and less sensitive to unfa-
vorable weather conditions than after weak forecrops i.e. 
after cereals. 
 A forecrop modified also some features of wheat yield 
structure (Table 1). Wheat cultivated after the good fore-
crops produced more ears per plant and grains per plant 
compared to cultivation after the weak forecrop which was 
barley while the number of grains per ear and weight of 
1000 grains did not change significantly. However, it re-
sults from the researches of another authors that this struc-
ture elements can be also modified in dependence on a 
forecrop [1, 3, 10].  
 
Table 1. Elements of wheat yield structure depending on a 
forecrop  
Tab. 1. Elementy struktury plonu pszenicy w zależności od 
przedplonu 
 

Forecrop  
Yield structure  

elements  blue 
lupin 

yellow 
lupin 

barley 
LSD 
(0.05) 

Number of shoots 
with ear per plant 

1.77 1.84 1.58 0.16 

Number of grain  
per plant 

64.6 67.1 59.2 4.16 

Number of grain  
per ear 

41.7 43.0 38.8 1.94 

Weight of 1000 grain 
(g) 

44.9 44.1 45.6 n.s.* 

* n.s. – not significant 
Source: own study / Źródło: opracowanie własne 

 
 A forecrop affected only value of some morphological 
features of wheat (Table 2). It concerned especially the 
number of shoots per plant, because the plant height and 
leaves area did not change significantly.  
 
Table 2. Morphological features of wheat plants 
Tab. 2. Cechy morfologiczne roślin pszenicy 
 

Forecrop  
Features of plants  blue 

lupin 
yellow 
lupin 

barley 
LSD 
(0.05) 

Plant height (cm) 84.1 82.4 80.6 n.s.* 
Number of culms 
per plant 

1.84 1.88 1.64 1.16 

Leaves area (cm2) 77.6 75.8 76.7 n.s.* 
* n.s. – not significant 

Source: own study / Źródło: opracowanie własne 

 
 SPAD value and protein content in the grain of winter 
wheat cultivated after the lupines was not changing signifi-
cantly in dependence on a forecrop (Table 3). The observed 
increasing tendency in relation to these both factors but 
these differences have not been proven statistically. SPAD 
and protein content Admittedly, there was observed an in-
creasing trend in the protein amount in the grain of wheat 
cultivated after lupines, but these differences were not con-
firmed statistically. In literature can be found an informa-
tion that cereals cultivated after the legumes can contain in 
grain more protein, what is explained by their better supply 
with nitrogen [2]. 

Table 3. Wartość SPAD i zawartość białka w ziarnie psze-
nicy ozimej w zależności od przedplonu 
Tab. 3. Value of SPAD and protein content in the grain of 
winter wheat in dependence on a forecrop 
 

Forecrop  
Description blue 

lupin 
yellow 
lupin 

barley 
LSD 
(0.05) 

SPAD 564 578 552 n.s. 
Protein content in the 
grain of winter wheat 
(%) 

13,7 13,7 12,9 n.s. 

*n.s. – not significant 
Source: own study / Źródło: opracowanie własne 

 
 Protein yield, as a product of grain yield and protein 
content, was determined mainly by the size of grain yield. 
Therefore the highest yield of protein was obtained from 
the wheat cultivation after the good forecrops, i.e. after lu-
pines, and the weakest after the spring barley (Fig. 4). 
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Fig. 4. Protein yield of winter wheat cultivated after differ-
ent forecrops 
Rys. 4. Plon białka pszenicy ozimej uprawianej po różnych 
przedplonach 

 
4. Summary 
 
1. It was found the favorable effect of blue and yellow lu-
pine as a forecrop on yielding and features of winter wheat 
yielding structure i.e. number of shoots, number of ears and 
grains per plant as well as number of grain per ear.  
2. The impact of a forecrop on a level of winter wheat 
yielding to a great extent depended on course of weather 
condition during the research years. In the years unfavor-
able to cultivation (small amount of precipitation or not uni-
form distribution during the research years) the difference 
between the yield of wheat cultivated after the good fore-
crops in comparison to weaker forecrops was greater than 
in the years with the favorable weather course. Moreover, a 
good forecrop contributed to decrease the differentiation of 
wheat yielding which was caused by various weather condi-
tions in the research years.  
3. Winter wheat yielded slightly better when was culti-
vated after the yellow lupine than after the blue lupine, but 
the significance of differences were proved only for years 
with unfavorable weather course.  
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4. Content of protein in the grain of winter wheat did not 
change in dependence on a forecrop. There was observed 
an increasing trend in the protein amount in the grain of 
wheat cultivated after lupine, but these differences were not 
confirmed statistically.  
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