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WINTER WHEAT PRODUCTIVITY UNDER FAVORABLE AND DROUGHT 
ENVIRONMENTS. II. EFFECT OF PREVIOUS CROP
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Abstract

IVANOVA, A. and N. TSENOV, 2012. Winter wheat productivity under favorable and drought 
environments. II. Effect of previous crop. Bulg. J. Agric. Sci., 18: 29-35

During the growth period of field crops, drought (both short and long lasting) is becoming increasingly frequent. 
Drought is an abiotic stress factor of the environment, which reduces the yield from cereals worldwide. The effect 
of different previous crops on the productivity of common winter wheat genotypes was investigated under favor-
able and drought environments. The investigated cultivars were grown in two successive years – 2006, which was 
very favorable for wheat growth, and 2007 when one of the severest and longest droughts in Bulgaria occurred. 
The genotypes were grown after four previous crops (bean, sunflower, grain maize and fodder maize) at three levels 
of mineral fertilization according to the type of previous crop. Grain yield and the productivity components were 
studied: 1000 kernel weight, test weight, number of productive tillers, plant height, number and weight of grains per 
spike. The correlations of grain yield with the traits related to it were analyzed after different previous crops under 
contrasting conditions of the environment. A marked positive role of bean as previous crop under drought condi-
tions was established. Bean decreased with only about 9% the productivity of the wheat genotypes grown after it. 
The high negative effect of sunflower and grain maize was stronger under drought. The productivity of the wheat 
genotypes grown after these two predecessors dropped down with 22-25%. Fodder maize had an intermediate ef-
fect. The cultivars grown after it decreased their productivity with about 21%, but it was the best predecessor for 
formation of 1000 kernel weight. Regardless of the year conditions, correlations of grain yield with its components 
were inversely proportionate to the “good” predecessors.
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Abreviations: GY – grain yield (t.ha-1); TKW – 1000 kernel weight (g); TestW – test weight (kg); NPT 
– number of productive tillers; HOS – plant height (cm); WGS – weight of grains per spike (g); NGS – 
number of grains per spike
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Introduction

The geographic position of Bulgaria is a pre-
requisite for the development of agricultural pro-
duction under condition of annual hazard due to 
unpredictable changes of the meteorological fac-

tors. It is an undisputable fact that the recent glob-
al warming leads to lower rainfalls in most geo-
graphic regions of Bulgaria and has a negative ef-
fect on the productivity of the crops (Kirkova and 
Petrova, 2011). Short and longer droughts occur 
more frequently during the growth season of the 
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field crops. The response of the plants to drought is 
mainly yield decrease manifested through its vari-
ous components (Gramatikov and Koteva, 2005; 
Stoilova and Berova, 2007; Vulchev, 2007; Kirko-
va and Petrova, 2011). 

Drought is an abiotic stress factor of the envi-
ronment, which affects the growth, and develop-
ment of plants. Wheat occupies annually almost 
1/3 of the arable land in Bulgaria and losses may 
be great even under short drought (Tsenov et al., 
2009).

In years with insufficient rainfalls, the role of 
the previous crop is greater (Zarkov, 2010). The 
development of suitable crop rotation schemes is 
one of the most challenging tasks toward sustain-
able agricultural system. The well-structured crop 
rotation and the observing of the proper agronomy 
practices for cultivation of the crops involved in 
it ensure the better utilization of soil moisture and 
significantly decrease the negative effect of drought 
(Koteva et al., 2010; Zarkov and Koteva, 2010). In 
combination with suitable varieties structure, it can 
partially compensate for eventual losses and secure 
stable grain production by years (Tsenov, 2006). 
Therefore, complex solutions should be sought 
when applying the agronomy practices according 
to the stress factors; these solutions should allow 
more efficiently using the compensatory mecha-
nisms of the crop (Ivanova and Tsenov, 2010).

The aim of this investigation was to: i) find out 
the effect of the different previous crops on the 
productivity of the common wheat genotypes in 
two contrasting years; ii) analyze the correlations 
of grain yield  with the investigated traits after dif-
ferent types of previous crops.

Material and Methods

During two successive years (2006 and 2007), 
the productivity of several common wheat culti-
vars with different biological and economic prop-
erties was investigated. The investigation was car-
ried out in the trial field of Dobrudzha Agricultural 
Institute – General Toshevo. The detailed design of 
the trial, the investigated traits and the used evalu-
ation methods have already been described in a 
previous publication (Ivanova and Tsenov, 2011).

The previous crops used for growing the in-
vestigated wheat cultivars (bean, sunflower, grain 
maize and fodder maize) were spring crops. There-
fore, Figure 1 presents the meteorological condi-
tions in 2005 and 2006 during the growing sea-
son of these crops compared to the long-term data 
(1953 – 2007). In this Figure 1 are the weather con-
ditions during the vegetation of its predecessors, 
while conditions in the vegetation of the studied 
wheat varieties are discussed in a previous publi-
cation (Ivanova and Tsenov, 2011). The combina-

Fig. 1. Rainfalls and temperature
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tion of rainfalls and mean temperatures determined 
the investigated years favorable for the growth and 
development of spring crops. The variation in the 
temperature sums between the studied years and 
the long-term data was not high. The mean tem-
peratures were close to the norm, and in August 
and September (the harvesting time of the previous 
crops), they were higher. Overall the investigated 
years were a little warmer (especially 2006) than 
the temperature norm. Rainfalls also were a major 
factor for the development of the spring crops. The 
autumn-and-winter moisture reserve in soil (Octo-
ber – March) was decisive; it exceeded the precipi-
tation norm during both years of investigation, the 
autumn-and-winter moisture reserves in 2005 be-
ing significantly higher than the reserves in 2006. 
These were good conditions for sowing of spring 
crops. The sum of vegetation rainfalls (April – 
September) during the investigated years also ex-
ceeded the precipitation norm. Their distribution 
during the growth season of the previous crops in 
the investigated period was uneven. The analysis 
of the index sum of rainfalls during the years of the 
investigation for the entire period (October – Sep-
tember) revealed that the sum of rainfalls in 2005 
was higher. The good moisture reserves in soil in 
2005 enhanced its effect in the following year pro-
viding the good development of the predecessors. 
This meant rich reserves of nitrogen for wheat af-
ter the bean predecessor. On the other hand, the 
strong growth of the other predecessors decreased 
soil moisture and the high amount of rainfalls at 
the end of their growth prolonged their vegetation 
period and postponed their harvesting, which af-
fected unfavorably the wheat sown after them.

Results

In our previous study the general consequenc-
es of the drought in 2007 on the productivity of 
the investigated wheat genotypes were outlined 
(Ivanova and Tsenov, 2011). One of the conclu-

sions in this publication was that the type of prede-
cessor of the wheat was significant under drought. 
Other researchers who investigated the productiv-
ity of barley in Bulgaria (Koteva et al., 2010) have 
determined this relation. It was a serious prereq-
uisite to carry out further researches in this direc-
tion to analyze the variations in wheat productivity 
according to the type of previous crop under con-
trasting years.  

The decrease of the mean values of all inves-
tigated traits in 2007 was 19.5% regardless of the 
type of previous crop (Table 1). The only excep-
tion was observed in the number of productive til-
lers and test weight, which were a little higher un-
der drought. This variation, however, was low and 
insignificant and therefore these two traits were 
not further considered. Averaged for all previous 
crops under drought, grain yield decreased with 
38.2%. This decrease was mainly due to the reduc-
tion of grain weight per spike (about 40%) and the 
number of grains per spike (about 29%). Averaged 
for all previous crops under drought, 1000-kernel 
weight decreased with about 15%, and plant height 
– with about 19%. 

Table 1 
Decreasing (%) of traits in 2007 in comparison to 
2006 according to previous crop

Previous  
crop

Traits
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Bean 17.8 17.9 -3.0 -5.2 4.9 23.0 6.4 8.8

Sunflower 47.6 15.5 -3.5 -3.3 27.3 48.9 39.4 24.6

Grain 
maize 46.2 15.3 -4.3 6.4 27.0 41.4 30.6 23.2

Fodder 
maize 41.0 12.3 -3.9 -4.7 17.4 48.3 40.5 21.6

Average 38.2 15.3 -3.7 -1.7 19.1 40.4 29.2 19.5
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Under drought, the productivity of the wheat 
genotypes grown after bean decreased with 1/3 
less than after the other previous crops. Bean had 
highest negative effect on grain weight per spike 
(23%). The decrease of grain yield and 1000 ker-
nel weight was almost equal (18%) after bean. 
This previous crop had lowest negative effect on 
the plant height of the investigated genotypes (5%) 
and the number of grains per spike (6%). Under 
the same conditions sunflower had high negative 
effect in decreasing to the highest degree the in-
vestigated traits of the wheat genotypes. According 
to the mean values of decrease of the investigated 
traits, the “bad” predecessors can be ranked as fol-
lows: fodder maize (22%) > grain maize (23%) > 
sunflower (25%). This order, however, changes 
when considering the investigated traits separate-
ly by previous crop. The decrease of grain yield, 
1000 kernel weight and plant height was greater 
after sunflower and grain maize, and the number 
and weight of grains per spike was negatively af-
fected to a higher degree by sunflower and fodder 
maize as previous crops.

Discussion

To analyze in details the individual effect of 
each predecessor on the productivity of the studied 
genotypes, the decrease of the traits according to 
the type of previous crop was calculated against 
the background of the separate mineral fertiliza-
tion norms (Table 2). The aim of the calculation 
was to check if the effect of each predecessor on 
the investigated remained the same.

Analyzing the effect of the previous crop ac-
cording to the level of mineral fertilization, we 
found out a significant influence of its type on the 
investigated indices. In 2007, a strong positive ef-
fect of bean on the productivity of wheat was ob-
served. This high positive effect has been demon-
strated in numerous publications (Lоpez-Bellido et 
al., 2007; Anderson, 2008; Gerdgikova et al., 2008; 

Dogan and Bilgili, 2010; Yankov, 2010). In this in-
vestigation, the positive role of bean was markedly 
expressed in the control variants (N0P0K0). Under 
conditions without fertilization in combination 
with soil drought, grain yield decreased with only 
1% after this predecessor. Under the same condi-
tions highest decrease was registered for 1000 ker-
nel weight (16%) and weight of grains per spike 
(19%), while plant height and number of grains 
per spike decreased with only 3% (Table 2A). 

Much greater decrease of the values of the in-
vestigated traits was determined under extremely 
unfavorable conditions (drought without fertiliza-
tion) after the other previous crops (Table 2B). The 
obtained data reveal that sunflower was the worst 
predecessor. Under drought without fertilization 
grain weight decreased with about 55%, and num-
ber of grains per spike – with 49% after previous 
crop sunflower. This, on its turn, caused strong 
decrease of grain yield (with 36%) in comparison 
to previous crop bean. Under the same conditions 
(drought without fertilization), grain yield decrease 
after previous crop grain maize was about 29%. It 
resulted from the reduced weight of grain per spike 
(with about 34%) and number of grains per spike 
(with about 26%). In the control variants (N0P0K0), 
the percent of yield decrease after fodder maize 
was about 35%. Under the same conditions height 
of stems decreased with about 20%, grain weight 
– with 26%, and number of grains per spike – with 
21% after this predecessor.

The applied mineral fertilization increased the 
reduction of the mean values of the investigated 
traits. The decrease, however, was much lower 
after bean in comparison to the other previous 
crops. Under fertilization conditions in 2007 grain 
yield decreased with 20-22% after previous crop 
bean, while the decrease of this index was with 48-
49% after sunflower and grain maize. After pre-
vious crop fodder maize, the decrease was a little 
lower (40-41%). Under the same conditions, the 
plant height of the investigated wheat cultivars de-
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creased with 4-7% after bean, with 14-20% after 
fodder maize and with 27-29% after grain maize 
and sunflower. Under conditions of fertilization in 
2007 after sunflower and grain maize, the decrease 
of weight (42-43%) and the number of grains per 
spike (31-33%) was almost the same, and stronger 
after fodder maize (45-48% and 32-39%, respec-
tively). Under the same conditions, the percent of 
decrease of these indices after previous crop bean 
was again lower (27-28% for grain weight per spike 
and 13-14% for number of grains per spike). 

An exception was observed only for 1000 ker-
nel weight; the obtained results showed that fodder 
maize was the best predecessor for its formation.

The results we obtained reveal that previous 
crop bean has compensatory function and to a 
significant degree neutralizes the negative effect 
of fertilization under drought (Halvorson et al., 
2000; Norwood, 2000; Rieger et al., 2008; He et 
al., 2009).

To collect further data on the correlation of 
grain yield with the investigated traits, correlation 

Table 2A 
Decreasing of the mean values of the traits after different predecessors
A. After bean

Fertilization
N0P0K0 N6P6K0 N10P10K0

Mean value Decrease
%

Mean value Decrease
%

Mean value Decrease
%Traits 2006 2007 2006 2007 2006 2007

GY 573 569 0.8 712 571 19.8 740 574 22.4
HOS 85 83 2.6 89 85 4.3 92 86 6.7
TKW 48 40.1 16.5 45.5 37.6 17.4 45.6 37.7 17.3
WGS 1.47 1.19 18.7 1.46 1.06 27.3 1.5 1.08 28.3
NGS 31 30 3.1 32 28 12.7 33 29 13.7

Table 2B 
B. After sunflower, grain maize and fodder maize

Fertilization N0P0K0 N10P10K0 N14P14K0

Traits
Mean value Decrease

%
Mean value Decrease

%
Mean value Decrease

%2006 2007 2006 2007 2006 2007
Sunflower

GY 479 306 36.1 751 380 49.5 741 380 48.7
HOS 82 61 26 90 64 28.9 87 63 27.1
TKW 47.3 40.9 13.5 44.2 37.7 14.5 44.3 37.7 15
WGS 1.39 0.62 55.3 1.53 0.89 41.9 1.45 0.83 42.6
NGS 30 15 48.6 35 23 32.8 33 22 32.5

Grain Maize
GY 334 237 29 663 346 47.8 666 337 49.4
HOS 70 56 20.2 87 63 28.1 84 60 28.3
TKW 45.6 40.6 10.9 44.1 36.9 16.2 44.3 37 16.5
WGS 0.86 0.57 33.9 1.26 0.72 42.6 1.2 0.69 42.6
NGS 19 14 26 28 20 31.5 27 19 31.2

Fodder Maize
GY 372 243 34.7 679 410 39.6 678 399 41.2
HOS 69 55 20.1 85 68 20 81 70 13.6
TKW 45.3 41.8 7.6 43.5 38.7 11.1 43.9 38.2 12.9
WGS 0.74 0.55 25.5 1.47 0.88 40.1 1.59 0.83 47.6
NGS 17 13 20.5 34 23 32.5 36 22 39.1
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analysis was performed according to each prede-
cessor during the two contrasting years (Table 3). 
The correlation of yield with the plant height of 
the investigated genotypes and with the number of 
productive tillers was higher during the favorable 
2006, and with the weight and number of grains 
per spike – under drought. The values of the cor-
relation of grain yield with the traits height of stem 
and number of grains per spike increased regard-
less of the year from bean to fodder maize. In the 
other two traits – number of productive tillers and 
1000 kernel weight the tendency was similar but 
only under conditions of drought. In 2006, the 
values of the correlations decreased sharply from 
bean through sunflower towards the two types of 
maize predecessors. The data in Table 3 revealed 
another important regularity: the variation in the 
values of the correlation in the “good” predecessor 
bean, and to some extent of sunflower for the above 
three traits (HOS, NGS, WGS) was significantly 
higher under favorable conditions (2006), while in 
the other investigated predecessors the variations 
between the two years were almost insignificant or 
non-existent. Test weight and 1000 kernel weight 
correlated negatively with yield in the two years of 
the investigation. 

The tendencies observed in the correlations 
partially explain the ostensible strong effect of the 
type of previous crop on the components of pro-

ductivity and grain yield. Regardless of the ob-
served correlations between the traits, the effect of 
the type of predecessor was strong under drought. 
According to this effect the previous crops can be 
ranked as follows: bean > fodder maize > grain 
maize > sunflower.

Conclusions

Under drought, there was a marked positive ef-
fect of previous crop bean. It decreased the pro-
ductivity of the wheat genotypes sown after it with 
only 9%.

The high negative effect of sunflower and grain 
maize was greater under conditions of drought. 
The productivity of the wheat genotypes grown af-
ter these predecessors decreased with 23-25%.

The cultivars grown after fodder maize de-
creased their productivity with about 21%, but this 
crop proved the best predecessor for formation of 
the trait 1000 kernel weight.

The correlation of grain yield with its compo-
nents was higher after the “worse” predecessors 
(sunflower, grain maize and fodder maize), and 
lower after previous crop bean.

References
Anderson, R. L., 2008. Growth and Yield of Winter 

Wheat as Affected by Preceding Crop and Crop 

Table 3
Correlation of grain yield with the components of productivity according to type of previous crop

Traits HOS TestW NPT

Year 1* 2 3 4 1 2 3 4 1 2 3 4

2006 0.43 0.60 0.80 0.83 -0.08 -0.07 -0.25 -0.45 0.66 0.82 0.75 -0.61
2007 -0.19 0.28 0.34 0.79 0.24 -0.18 -0.25 -0.13 -0.01 0.05 0.27 0.28

Year NGS TKW WGS

2006 0.18 0.55 0.84 0.88 -0.56 -0.49 -0.35 -0.28 -0.08 0.29 0.81 0.87
2007 0.25 0.72 0.87 0.86 0.28 -0.28 -0.61 -0.51 0.39 0.66 0.77 0.88

Values in bold are significant at 0.01 level; 
*1-bean; 2-sunflower; 3-grain maize; 4-fodder maize



Winter Wheat Productivity... II. Effect of Previous Crop 35

Management. Agronomy Journal, 100: 977-980.
Dogan, R. and U. Bilgili, 2010. Effects of previous crop 

and N-fertilization on seed yield of winter wheat 
(Triticum aestivum L.) under rainfed Mediterranean 
conditions. Bulg. J. Agric. Sci., 16: 733-739.

Gerdgikova, М., М. Videva and S. Eneva, 2008. 
Influence of the species of the leguminous 
predecessor upon the productivity of common 
wheat. Plant Science, 45: 442-446 (Bg).

Gramatikov, B. and V. Koteva, 2005. Estimation of 
the agro meteorological conditions of west-east 
Bulgaria for cultivation of maize, for grain without 
irrigation, Balkan scientific conference “Breeding 
and cultural practices of the crops”, Karnobat, pp. 
374-380 (Bg).

Halvorson, A., D., A. L. Black, J. M. Krupinsky, S. D. 
Merrill, B. J. Wienhold and D. L. Tanaka, 2000. 
Spring Wheat Response to Tillage and Nitrogen 
Fertilization in Rotation with Sunflower and Winter 
Wheat. Agronomy Journal, 92: 136-144.

He, P., S. Li, J. Jin, H. Wang, C. Li, Y. Wang and R. 
Cui, 2009. Performance of an Optimized Nutrient 
Management System for Double-Cropped Wheat-
Maize Rotations in North-Central China. Agronomy 
Journal, 101: 1489-1496.

Ivanova, A. and N. Tsenov, 2010. Effect of some 
agronomy practices on main traits of grain yield in 
winter wheat varieties of different quality. Bulg. J. 
Agric. Sci., 16 (5) :559-564.

Ivanova, A. and N. Tsenov, 2011. Winter wheat 
productivity under favourable and drought 
environments, I. An overall effect. Bulg. J. Agric. 
Sci., 17 (6): 777-782.

Kirkova, Y. and V. Petrova, 2011. Changes in soybean 
and wheat yields under non-irrigated conditions, 
Agrisafe Final Conference “Climate Change: 
Challenges and Opportunities in Agriculture”, pp. 
183-187.

Koteva, V., B. Zarkov, D. Atanasova and V. Maneva, 
2010. Sustainable cultivation of barley in water 
deficit. Field Crop Studies, 6 (1): 67-79 (Bg).

López-Bellido, R. J., L. López-Bellido, J. Benίtez-

Vega and F. J. López-Bellido, 2007. Tillage System, 
Preceeding Crop, and Nitrogen Fertilizar in Wheat 
Crop: I. Water Utilization. Agronomy Journal, 99: 
66-72.

Norwood, Ch., A., 2000. Dry land Winter Wheat as 
Affected by Previous Crops. Agronomy Journal, 92: 
121-127.

Rieger, S., W. Richner, B. Streit, E. Frossard and M. 
Liedgens, 2008. Growth, yield and yield components 
of winter wheat and the effects of tillage intensity, 
preceding crops and N fertilization. European J. 
Agronomy, 28: 405-411.

Stoilova, T. and M. Berova, 2007. A study on 
the drought tolerance of Vigna and dry beans. 
International Scientific Conference “Plant Genetic 
Stoks – The Basis of Agriculture of Today”, 1: 87-
90 (Bg).

Tsenov, N., 2006. Optimal structure of varieties– a 
prerequisite for successful cultivation of wheat under 
stress conditions. National Conference “Improving 
the Competitiveness of Bulgarian Agriculture - 
Research Priorities, Sofia, pp. 66-71 (Bg).

Tsenov, N., T. Petrova and E. Tsenova, 2009. Breeding 
for increasing the stress tolerance of winter common 
wheat in Dobrudzha Agricultural Institute. Field 
Crop Studies, 5 (1): 59-71 (Bg).

Vulchev, D., 2007. Problems, achievements and 
perspectives in barley breeding for drought 
resistance and cold resistance. Field Crop Studies, 
4 (1): 5-19 (Bg).

Yankov, P., 2010. Effect of different types of main 
soil tillage on bean yield under the conditions of 
Dobrudzha region. Bulg. J. Agric. Sci., 16 (2): 196-
202.

Zarkov, B., 2010. Influence of the meteorological 
factors and predecessors on the yield and quality 
of the winter wheat variety Miryana. Field Crop 
Studies, 6 (2): 311-316 (Bg).

Zarkov, B. and V. Koteva, 2010. Investigation the 
impact of cereals as barley predecessors in a scientific 
perennial field research. Field Crop Studies, 6 (1): 
79-84 (Bg).

Received April, 20, 2011; accepted for printing December, 2, 2011.


