
INTRODUCTION

Maize (Zea mays L.) as a forage crop has been known in
Latvia since the late 19th century, but its growing was noted
more widely only after the First World War. A very exten-
sive growing of maize, and, simultaneously, broad research
into different aspects of maize production, started in the
1950s, which was enforced by the leader of the former So-
viet Union N. Khrushchev (the area sown with maize
reached more than 100 thousand ha in certain years, e.g.
1955, 1962, and 1963). Very thorough research on different
aspects of maize growing, ensiling and feeding was carried
out until the 1970s–1980s (Gaile, 2009). After 1990, the
area sown with maize decreased sharply due to several rea-
sons, including low demand for forage due to decrease in
the number of cattle, and land reform. Lack of knowledge
and equipment was noted in new farms, and shortage of
seeds of suitable hybrids occurred for several years. The
lowest point was 1995, when only 600 ha were sown with
maize. The area with maize (mostly for forage production)
started to increase markedly from 2006, particularly after
2008, when many farmers began to grow it for biogas pro-
duction (20.6 and 20.4 thousand ha in 2012 and 2013, re-
spectively) (Central Statistical Bureau of Latvia:

http://www.csb.gov.lv/en/dati/statistics-database-30501.html).
Currently, in Latvia, 29 biogas stations utilise substrates (in-
cluding maize) produced in agriculture. Statistical yield of
maize, available as fresh maize yield, is typically low
(weighted mean 19.0 t ha-1 during the period 1955–2013).
The highest fresh maize yields, close to 30 t ha-1, were har-
vested in nine years (including 2013) of 58 surveyed. Fresh
maize yields are difficult to compare when dry matter (DM)
content is not known. Nowadays, more suitable hybrids
with a higher DM content at harvest are grown. Especially
important is the development of the so-called early-matur-
ing hybrids that can be grown with good success (achieving
an adequate DM yield and quality in changing meteorologi-
cal conditions). Improvements in maize yield and quality
have been made by breeding maize in traditional growing
areas, e.g. in Corn Belt in USA (Lauer et al., 2001), as well
as in short-season areas (Baron et al., 2008). Also, discus-
sion on the characteristics differentiating silage maize from
grain maize indicates that the best grain-maize hybrids are
not always the most suitable for silage (Barriere et al.,
1997; Coors and Lauer, 2000).

As maize is a crop of southern origin, in Latvia, located in
northern latitudes (55°40�–58°05�N), temperature is one of
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Latvia is recognised as a marginal area for growing of maize (Zea mays L.), as years of high
yielding can be broken by years with failures. The aim of this paper is to describe maize yield, dry
matter (DM) content in fresh yield, and some other quality indicators in silage maize field trials at
the Research and Study Farm “Vecauce” of the Latvia University of Agriculture (56° N), in relation
to temperature and moisture conditions. The study was carried out for 15 years (1999–2013). In
total, 217 maize hybrids, belonging mainly to the early-maturity group (FAO up to 220), were in-
vestigated. Meteorological conditions considerably differed, and, according to heat conditions,
only 10 years were suitable for maize production. The mean fresh maize yield varied from 43.01
t ha-1 to 63.39 t ha-1 during the study period, which is 1.8 to 2.9 times higher than the average
statistical yield in Latvian farms in the respective years. The DM yield ranged between 8.77 t ha-1

(in 2004) and 20.05 t ha-1 (in 2013) and was significantly correlated with temperature in May and
June. The study suggested that cold tolerance of hybrids during early development stages should
be investigated in future. Fresh and DM yield of maize were significantly (p < 0.001) affected by
hybrid and year as factors, as well as by their interaction. DM content in fresh yield was correlated
with active temperature sum. Low precipitation was a yield-limiting factor during some years. Ear
proportion in yield decreased when moisture stress occurred before and during silking.
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the most limiting factors affecting maize DM yield, DM
content in fresh yield, and other important quality parame-
ters (e.g. concentration of neutral detergent fibre (NDF),
acid detergent fibre (ADF), starch, and protein). Studies
have shown that breeding of maize for stress tolerance at
suboptimal temperatures in regions of cool temperate cli-
mates, including northern Europe, is one of the key factors
for successful growing of the crop (Greaves, 1996;
Tollenaar and Wu, 1999).

Many studies have shown that global climate change can
extend the thermal growing season in northern Europe,
which might be beneficial for maize growing (Olesen, 2005;
Peltonen-Sainio et al., 2009; Olesen et al., 2011). Climate
change can also bring unpredictable extremes, e.g. periods
with very high temperatures, drought, and excess periodical
precipitation. Therefore, growers need to consider yield
limitation of maize caused by water deficit.

Maize silage is a high-quality feed for livestock and a sub-
strate for biogas reactors, not only during winter but
throughout the year. There is also interest in maize silage in
marginal growing areas (Mussadiq et al., 2012), including
Latvia. Since new improved hybrids are offered by breeders
each year and changes in the seed market are frequent, one
of the never-ending targets is evaluation of hybrids in field
conditions to help producers choose the most suitable in the
regional conditions. Long-term maize research using mod-
ern early-maturing hybrids is needed to determine the effect
of meteorological conditions on crop yield and quality.

The aim of this paper was to determine maize yield, DM
content in fresh yield and some other maize quality indica-

tors, in relation to meteorological factors, in silage maize
field trials conducted at a northern latitude (56°N) over a
period of 15 years (1999–2013).

MATERIALS AND METHODS

Field trials were conducted to evaluate maize performance
using a total of 217 different maize hybrids at the Research
and Study farm “Vecauce” (latitude: 56°28�N; longitude:
22°53�E) of the Latvia University of Agriculture from 1999
until 2013 (Table 1). In this comparison, 40 hybrids were
included for 3–8 years, and 177 hybrids for 1–2 years. Orig-
inal seed was always used. The hybrids were obtained from
European (including Ukraine) and American maize breed-
ing companies. Most of them belonged to the early-maturity
maize group (FAO number < 220 for the hybrids of Euro-
pean origin; relative maturity < 70–85 days for American
hybrids). Starting in 2002, some later-maturity hybrids
(FAO number < 350) were included (during 2002–2004 —
hybrids of Ukrainian origin; and during 2005–2013 — hy-
brids from the EU breeding companies). The hybrids were
arranged in four times replicated randomised blocks; plot
size was 4.2 m2 in 1999, and 16.8 m2 in all other years (four
rows, each 70 cm apart). An exception with 10 hybrids oc-
curred in 2002, when they were arranged in three times rep-
licated randomised blocks with the same plot size as for
other hybrids. For thirteen years soil in the plots was
Calcaric Luvic Epigleyic Phazeozem, fine sandy loam with
pH KCl 7.1, available P concentration 252 mg kg-1, avail-
able K — 198 mg kg-1, and humus concentration — 25
g kg-1. In 2009, the soil was Calcaric Luvic Endostagnic

69Proc. Latvian Acad. Sci., Section B, Vol. 69 (2015), No. 1/2

T a b l e 1

NUMBER OF MAIZE HYBRIDS* INCLUDED IN THE TRIAL, SOWING AND HARVESTING DATES, AND HERBICIDES USED FOR WEED CON-
TROL, DEPENDING ON TRIAL YEAR

Trial year Number
of hybrids

Sowing date Harvesting date Herbicides for weed control

1999 19 May 3 Sept. 23 Only mechanical weed control was done

2000 6 May 9 Sept. 29

Metil-primisulfuron (75%) 0.04 kg ha-1 +
Dikamba (480 g l-1) 0.1 l ha-1

2001 9 May 8 Sept. 25

2002 20 May 7 Sept. 17

2003 19 May 15 Sept. 19

2004 21 May 12 Oct. 4

2005 19 May 5 Sept. 20-21 Nicosulfuron (40 g l-1) 1.0 l ha-1 +
Dicamba (480 g l-1) 0.3 l ha-1

2006 24 May 5 Sept. 20-21

2007 31 May 4 Sept. 20-21
Tritosulfuron (250 g kg-1) + Dicamba (500 g kg-1) 0.2 kg ha-1 +
Rimsulfuron (250 g l-1) 0.03 kg ha-12008 29 May 5 Sept. 25

2009 32 May 5 Oct. 8-10

2010 32 May 3 Sept. 24-25
Foramsulfuron (30 g l-1) + Sodium methyl-iodosulfuron (1 g l-1) 1.5 l ha-1 +
2.4 – D (600 g l-1) 0.5 l ha-12011 44 May 6 Oct. 2

2012 39 May 10 Oct. 8

2013 41 May 10 Oct. 2-3 Florasulam (16.7 g l-1) + Mesotrione 267 (g l-1) 0.3
l ha-1 + Rimsulfuron (250 g kg-1) 0.05 kg ha-1

* – 40 hybrids were included in the trial for 3–8 successive years, but 177 hybrids – for 1–2 years.



Phazeozem (Anthric), sandy loam with pH KCl 6.6, avail-
able P concentration — 129 mg kg-1, available K — 143
mg kg-1, and humus concentration — 21 g kg-1. In 2012,
the soil in plots was Endocalcaric Stagnic Phaeozem, clay
loam with pH KCl 7.4, available P concentration — 121 mg
kg-1, available K — 146 mg kg-1, and humus concentration
— 34 g kg-1. Pre-crops were cereals for grain in nine years,
potato (Solanum tuberosum L.) in 2000, annual ryegrass
(Lolium multiflorum L.) in 2006, 2007 and 2008, maize in
2011, and sunflower (Helianthus annuus L.) in 2013. Soil
tillage was traditional, which included mould-board plough-
ing in previous autumn along with cultivation and rototil-
ling before sowing in spring. Maize was sown mainly in the
first ten-day period of May, which was considered the best
sowing time (Gaile, 2012); however, in some years, a devia-
tion from this time (Table 1) occurred due to unsuitable me-
teorological conditions. The sowing rate was from 71 000
(in 1999–2002) to 83 000 (in 2004–2013) seeds per ha, and
only original seed was used. A special hand-operated
planter was used for sowing. Weeds were controlled by
herbicides at maize 3–6 leaf stage (except in 1999, when
only weeding was done), and some weeding was done later
in the season. Fertilisers applied before sowing were: 18 kg
ha-1 N, 34 kg ha-1 P, and 75 kg ha-1 K.

Nitrogen top-dressing (ammonium nitrate, 34%) was done
twice at total rate of N 130–140 kg ha-1 divided among two
times: (1) when herbicide effect on weeds was noticeable
(70 kg ha-1 N), and (2) when maize reached height 50–60
cm tall (60–70 kg ha-1 N). Also foliar fertilisers were used
in four trial years, when conditions visibly hindered maize
development. On 8 July 1999, the microelement fertilizer
Tenso Cocktail was sprayed at a rate of 1 kg ha-1, when
maize showed a lack of Zn and Mg due to drought. On 11
July 2006, Folicare N-P-K 18-18-18 + microelements 5 kg
ha-1 were sprayed, also due to drought. In 2007, when many
unidentified insects including aphids were observed feeding
on maize, an insecticide (5 June: Thiamethoxam (250 g
kg-1) 60 g ha-1) and a foliar fertilizer (13 June: Folicare N-
P-K 18-18-18 + microelements 5 kg ha-1) were used. In
2009, a foliar fertilizer was used due to cool weather in May
and June; however, even more favourable conditions in
early July of that year did no promote growth, and it was
decided to spray Folicare N-P-K 25-5-22 + microelements
7 kg ha-1 twice (6 July and 17 July).

Maize was harvested in the third ten-day period of Septem-
ber or in the first ten-day period of October. Two middle
rows were harvested for fresh maize yield determination,
and samples were taken for analyses. In 1999–2009, plants
were cut 15 cm above the soil surface and weighed, but,
starting with 2010, a harvester HALDRUP M-63 was used,
which also chopped and estimated the harvested yield and
automatically took an mixed sample. Dry matter (DM)
yield (t ha-1) was calculated from the fresh matter yield and
DM content (%), which was determined according to the
ISO 6496:1999 method. In 1999–2008, the proportion of
DM yield of ears (grain + cob) in the whole-plant DM yield
was calculated. The following yield quality indicators were

determined: crude protein (CP) content (%) was measured
using the Kjeldahl method and coefficient 6.25 (LVS EN
ISO 5983-2:2003); neutral detergent fibre (NDF) in DM
(%) was detgermined using the Forage analyses method
2.2.1.1.; acid detergent fibre (ADF) was determined using
the Forage analyses method 4.1.; starch concentration was
determined using the ISO 6493: 2000 method. Some pa-
rameters were calculated using formulas (1) and (2):

net energy for lactation: NEL, MJ kg-1 of
DM = (0.0245 � DDM – 0.12) � 4.184, (1)

where DDM is the digestible dry matter calculated from
ADF:

DDM, g kg-1 DM = 88.9 – (0.779 � ADF). (2)

DM content was always determined for all hybrids, but
other parameters were determined for all hybrids in
1999–2001 and 2005–2008. In other years, analyses were
carried out for a smaller number of hybrids, and in
2002–2004 only for 3–6 hybrids, due to lack of funding.
Analyses of starch concentration were carried out starting
in 2009, when the number of CP analyses decreased to only
some samples.

During the vegetation season, field germination was calcu-
lated as percentage of germinated seedlings from the sown
seeds; phenological phases (emergence and silking) were
defined as the time when 75% of plants entered the phase.
The number of plants before harvesting was counted and re-
calculated on a hectare basis (detailed data of above-men-
tioned parameters are not shown). Plant height (m) was
measured in each plot from the soil level up to the top of
tassel for 30 successive plants in the same row in the period
of 1999–2003, for 20 successive plants in 2004–2008, and
for 15 successive plants in 2009–2013. Measurements were
made in early September each year. All observations were
carried out in the two middle rows.

Meteorological conditions differed between years (Table 2).
Years with sum of active (�10 °C) temperatures (period
from 1 May until 30 September) above 2000 °C were
shown to be the most suitable for maize growing. Heat con-
ditions were very good in eight years, good in two years
(2005 and 2009), average in three years (2001, 2008, and
2012), and very bad in two years with the sum of active
temperatures 1689 °C (2000) and 1874 °C (2004). Heat
conditions were also characterised by mean monthly tem-
perature in the maize vegetative period (Table 2). During
some years, lack of precipitation was a yield-limiting factor
(in six years only short periods occurred without precipita-
tion, while the year 2006 till August was extremely hot and
dry). To characterise moisture conditions, the Selyaninov’s
hydro-thermal coefficient (by formula (3)) was calculated
for each month, for the whole vegetative period, and for the
silking period (starting 10 days before silking (detailed data
are not shown). The meteorological conditions are de-
scribed in more detail in the Results section.
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HTC
R

t
�

� �01.
, (3)

R – sum of precipitation in the period analysed;
�t – sum of mean day–night temperatures in the same pe-
riod.

The General Linear Model (GLM) Univariate procedure
was used for analysis of variance for factorial design using
IBM SPSS 16.0 software. Correlation and regression analy-
ses were also used (MS Excel).

RESULTS

Maize yield. Mean fresh maize yield varied from 43.01
t ha-1 in 1999 up to 63.39 t ha-1 in 2007. DM yield varied
from 8.77 t ha-1 in 2004) up to 20.05 t ha-1 in 2013 (Table
3). Tests of between-subjects effects demonstrated that
fresh and DM yield of maize was significantly (p < 0.001)
affected by hybrid and year as factors as well as by their in-
teraction. An increasing trend of the mean maize DM yield
per trial was observed from 1999 to 2013. Mean fresh and
DM yields were correlated with mean plant height (r =
0.665 and 0.731, respectively; p < 0.01), which also de-
pended on year, hybrid, and interaction of both (p < 0.01).
The lowest plant height was observed in 2006, when
drought occurred in May, June and July, and the highest in
2013 (Table 3). Fresh maize yield in our trials was 1.8 to
2.9 times higher than the average statistical yield in Latvian
farms in the respective years.

DM yield was significantly correlated with seasonal sum of
active temperatures (r = 0.599; p < 0.05), mean seasonal

temperature (r = 0.533; p < 0.05), and mean temperature in
the May–June period (r = 0.785; p < 0.01; Fig. 1a).

Although temperature is the main limiting factor for maize
yield in Latvia, our observations demonstrated that lack of

T a b l e 2

MEAN MONTHLY AIR TEMPERATURE AND SUM OF PRECIPITATION CHARACTERISING VEGETATIVE SEASONS OF THE TRIAL YEARS*

Year Temperature, °C Precipitation, mm

May June July Aug Sept Aver. May June July Aug Sept Sum

1999 11.2 17.7 18.6 16.0 13.6 15.4 30 44 39 65 30 208

2000 11.5 13.7 15.2 14.5 9.3 12.8 62 33 78 46 69 288

2001 11.0 12.6 19.1 16.3 11.7 14.2 37 170 124 75 108 514

2002 14.5 15.8 18.8 19.5 12.2 16.1 16 100 174 0 35 325

2003 12.0 14.3 19.7 16.1 11.9 14.9 16 49 44 115 36 260

2004 10.2 13.3 15.8 17.3 12.3 13.8 43 118 116 69 82 428

2005 11.2 14.3 18.3 16.1 13.3 14.7 43 49 65 106 36 298

2006 11.6 16.2 20.1 17.5 13.9 15.9 28 24 13 150 46 261

2007 12.3 16.6 16.3 17.9 11.9 15.0 52 49 102 60 76 339

2008 11.3 14.6 17.1 16.4 10.6 14.0 24 44 57 90 15 230

2009 11.5 13.7 17.1 15.8 12.9 14.2 18 95 136 39 40 328

2010 11.9 14.6 20.8 18.2 10.8 15.2 73 38 132 133 78 454

2011 11.3 16.8 18.8 16.1 12.5 15.1 48 40 150 151 32 421

2012 11.7 13.8 17.3 15.2 12.2 14.1 38 58 133 96 26 351

2013 14.2 17.2 17.2 16.6 11.3 15.3 111 28 81 62 91 373

Norm 11.2 15.2 16.6 16.0 11.5 14.1 43 51 75 75 59 303

* – data of temperature and precipitation were recorded directly on the research field by an automatic meteorological station, but long-term average data
(norm) were taken from Dobele Hydrometeorological Station.

Fig. 1. DM yield depending on the mean air temperature in the period of
May–June (a), and DM content in fresh maize yield depending on sum of
active temperatures in the vegetative season (b) (p < 0.001).

a

b
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moisture can also affect yield. For example, HTC was 0.9
calcultated for the growing season of 1999, but during the
silking period (including the previous 10 days when tassel-
ing occurs), which is critical for maize yield formation,
HTC was 0.3 in 1999, 0.1 in 2003, and 0.8 in 2008 and
2009. In 2006, HTC was 1.1, which means “sufficiently
wet”, but May, June and July (HTC — 0.8, 0.5, and 0.2, re-
spectively) were extremely dry and maize could not take ad-
vantage of the favourable temperatures. The best average
maize DM yields were obtained in 2007 and 2013 (18.95
and 20.05 t ha-1, respectively), when favourable tempera-
tures (sum of active temperatures 2136 and 2256 oC, re-
spectively) over the whole season were combined with uni-
form distribution of precipitation (HTC — 1.5 and 1.6
during the whole season, respectively) (see Table 2 regard-
ing monthly mean air temperature and sum of precipitation.

Maize quality. DM content in fresh maize yield at harvest
varied from 19.30% (in 2004) to 35.46% (in 2002). DM
content was significantly (p < 0.001) affected by hybrid
(mainly regarding hybrid earliness) and meteorological con-
ditions. The average lowest required DM level (25%) was
not reached in two years of 15 — in 2000 and 2004 (Table
3). In 2000, of the six hybrids investigated, only ‘Husar’
(FAO 180–190) achieved 26.02% DM content. In 2004,
none of the hybrids approached the 25% level of dry matter
in maize fresh yield. DM content slightly lower than 28%
(0.03 to 1.04 percent points) was recorded in 2001, 2003,
and 2005. Although the earliness of investigated hybrids
differed each year, almost all hybrids (with one or two ex-

ceptions depending on the year) reached a DM content
higher than 28% in seven years: 1999, 2002, 2006, 2007,
2010, 2011, and 2013. Mean DM content across all hybrids
in a year was tightly correlated with sum of active tempera-
tures (r = 0.862; p < 0.01, Fig. 1b), mean seasonal air tem-
perature (r = 0.836; p < 0.01), and mean temperature in
May–June (r = 0.782; p < 0.01).

Our results demonstrated that in six years of 10 (1999–
2008), mean ear (grain plus cob) proportion was higher than
50% (Table 3). This trait was significantly (p < 0.001) af-
fected by year, hybrid, and their interaction. An extremely
low ear proportion was obtained in 2003 (38.3%; Table 3)
due to drought during flowering (see HTC above). Another
year with a very low (31.5%) proportion of ears in the
whole-plant DM yield was 2004. That year was character-
ised by conditions unfavourable for maize: poor heat condi-
tions (especially May, June and July), and excessive precip-
itation in June and July (Table 2) together with atypical
cloudy weather (very short sunny hours according to visual
evaluation). Ear proportion of whole plant DM yield
slightly lower than 50% was observed in 2000 and 2005.
The highest ear proportion (54.7%) was observed in 2006,
which was an extremely dry year in the first part of the sea-
son. Due to drought, flowering of maize was delayed until
the last days of July till early August, when moisture condi-
tions were improved by heavy rain and HTC during flower-
ing was 1.0.

Despite the various conditions, some hybrids showed a high
proportion of ears, e.g. ‘Loft’ (mean 55.9% in 1999–2002),

T a b l e 3

MEAN MAIZE YIELD PER TRIAL IN COMPARISON WITH MEAN STATISTICAL YIELD IN LATVIA, MEAN PLANT HEIGHT, AND SOME
YIELD QUALITY PARAMETERS DEPENDING ON A TRIAL YEAR

Year
(year code)

Maize yield, t ha-1 Plant height, m DM content of fresh
maize, %

Ear proportion of DM
yield, %Mean fresh

yield in Latvia*
In trials

Fresh yield DM yield

1999 (a) 23.1 43.01 e,g,i,j,l,m,n,o 13.85 d,f,g,i,k,l,m,o 2.16 b,d,e, f,g,h,i,j,k,l, m,n,o 32.47 b,c,e, f,g, k,n 51.23e,f,h

2000 (b) 19.7 53.89 12.71 d,f,g,i,l,m,o 2.46 a,f,h,o 23.74a,d,e, f,g, h,i,j,k,l,m,o 49.13e,f

2001 (c) 25.3 46.32 g,n,o 12.46 d,e,f,g,h,i,j,l,m,n,o 2.25d,f,g,h,i,l,m,o 26.96a,d,f,h,l, m,o 51.99e,f

2002 (d) 21.5 45.52 g,i,j,m,n,o 15.52a,b,c,e,f,h,i,k,m,n,o 2.55a,c,e,f,h,j,k,n,o 35.46b,c,e,f,g,i,j,k,n 51.11e,f,h

2003 (e) 25.1 49.96 a,g,h,i,k,n,o 13.81c,d,f,g,i,j,k,l,m,o 2.29a,d,f,g,h,i,l,m,o 27.97a,b,d,f,h,l,m, n,o 38.26a,b,c,d,f,g,h, i,j

2004 (f) 18.2 45.93g,i,n,o 8.77a,b,c,d,e,g,h,i,j,k, l,m,n,o 2.04a,b,c,d,e,g,h,i,j,k,l,m,n,o 19.30a,b,c,d,e, g,h,i,j,k,l,m,n,o 31.50a,b,cd,e,g,h, i,j

2005 (g) 19.9 57.40a,c,d,e,f,h,i,j,k,lm,o 15.62a,b,c,e,f,h,i,k,m,n,o 2.47a,c,e,f,h,i,k,m,n,o 27.35a,b,d,f,h,i,j,l, m,n,o 49.50e,f,h

2006 (h) 18.2 43.32e,g,i,j,l,m,n,o 14.24c,d,f,g,i,k,l,m,o 1.89a,b,c,d,e,f,g,i,j,k,l,m,n,o 33.20b,c,e,f,g,i,k,n 54.71a,d,e,f,g,i,j

2007 (i) 23.9 63.39a,c,d,e,f,g,h,j,k, l,m,n 18.95a,b,c,d,e,f,g,h,j,k,l, m,n,o 2.57a,c,e,f,g,h,j,k,l,m ,n,o 30.03b,d,f,g,h,l, m,n,o 51.70e,f,h

2008 (j) 21.3 49.76a,d,g,h,i,k,n,o 14.89c,e,f,i,k,l,m,n,o 2.39a,d,f,h,i,m,o 30.09b,d,f,g,l, m,n,o 51.74e,f,h

2009 (k) 23.0 44.72e,g,i,j,l,m,n,o 12.65a,d,e,f,g,h,i,j,l,m,n,o 2.38a,d,f,g,h,i,m,o 28.66a,b,d,f,h,l, m,n,o Starch content in DM, %

2010 (l) 19.6 49.09a,g,h,i,k,n,o 16.19a,b,c,e,f,h,i,j,k,m,n,o 2.45a,c,e,f,h,i,m,n,o 33.16 b,c,e,f,g,i, j,k,n 31.22k,m,n

2011 (m) 26.0 50.45a,d,g,h,i,k,n,o 17.07a,b,c,d,e,f,g,h,i, j,k, l,n,o 2.65a,c,e,f,g,h,i,j,k,l, n,o 34.14b,c,e,f,g,i,j,k,n 35.25k,l, n,o

2012 (n) 26.8 55.67a,c,d,e,f,h,i,j,k, l,m,o 13.77c,d,f,g,i,j,k,l,m,o 2.35a,d,f,g,h,i,l,m,o 25.04a,d,e,f,g,h,i,j, k,l,m,o 21.16k,l, m,o

2013 (o) 30.0 61.68a,c,d,e,f,g,h,j,k, l,m,n 20.05a,b,c,d,e,f,g,h,i,j,k,l,m,n 2.76a,b,c,d,e,f,g,h,i,j,k,l,m.n 32.85b,c,e,f,g,i,j,k,n 31.87k,m,n

* – data obtained from the Central Statistical Bureau of Latvia: http://www.csb.gov.lv/en/dati/statistics-database-30501.html
Data throughout the same column significantly differ (p < 0.01) among the data mentioned with year codes in superscript (a, b, …, o).
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‘Tango’ (mean 56.0% in 2005–2008), and ’Celux’ (mean
52.3% in 2005–2008). Other hybrids showed high variabil-
ity in relation to temperature and moisture. For example, ear
proportion of whole-plant DM yield for ‘RM-011’ was
59.6% in the warm year 2002, when HTC during flowering
was 1.7, whereas in 2003 when temperature was unfavour-
able and HTC during flowering was only 0.1, the ear pro-
portion was only 37.1%. Although mostly relatively good
temperature conditions were observed in the second part of
the vegetative season of all trial years, the lowest tempera-
ture was noted from the middle of July till 30 September in
2000, i.e. 12.7 °C, which was 1.7 °C lower than the second
lowest temperature (recorded in 2008). In that cold season,
the ear proportion of whole-plant DM yield was only
49.1%.

Crude protein concentration in maize DM was 6.7–8.7%.
Although the range of CP concentration was low, it was sig-
nificantly affected by both year and hybrid (p < 0.001). The
lowest CP was observed in 2007, when the second highest
DM yield (18.95 t ha-1) was achieved and ear proportion
(51.7%) was good, whereas the highest CP content was ob-
served in 2001, when DM yield (12.46 t ha-1) was lower
than the mean per trial period.

The average NDF concentration per year ranged between
41.09% (in 2001) and 53.41% (in 2003), and that of ADF
ranged between 21.37% (in 2008) and 30.77 (in 2004). Both
parameters were significantly (p < 0.01) influenced by hy-
brid and year as factors.

In our trials, energy concentration was measured as NEL.
Mean annual NEL varied from 6.15 (2004) to 6.90 (2008)
MJ kg-1 of DM. There was a significant impact of hybrid
and year on the NEL concentration (p < 0.001). NEL was
also correlated with ear proportion of whole-plant DM yield
(r = 0.741; p < 0.05).

From 2009, also starch concentration in the biomass DM
yield was evaluated. Mean starch concentration in maize
yield varied from 21.16 (2012) to 35.25% (2011) (Table 3)
and the effect of hybrid and year was significant (p <
0.001).

DISCUSSION

Maize yield. The increasing trend of mean maize DM yield
during 15 years can be explained by improved knowledge
for choice of the most appropriate hybrids offered by the
seed companies. At the same time breeding companies pro-
vided maize producers with hybrids better suited for silage
in marginal areas, i.e. hybrids that were more stress (espe-
cially cold-stress) tolerant (Greaves, 1996; Barriere et al.,
1997; Kosova et al., 2005) and more productive. It has been
noted by several authors (e.g. Lauer et al., 2001) that maize
forage yield has gradually increased due to breeding
achievements and improved cultural practices. Barriere et

al. (1997) reported that in France the increase in biomass
yield of hybrids marked with the label “fit for silage” was

0.17 t ha-1 per year during 11 years (late 1980s to early
1990s). Performance of silage maize in the northern lati-
tudes is also affected by hybrid earliness (Crowley, 2005;
Baron et al., 2008; Mussadiq et al., 2012). In the 1990s,
mostly hybrids with a FAO number up to 200 (or even up to
FAO 180) were considered to be suitable for growing in
Latvia. However, more recent research indicated that also
hybrids with a slightly later maturity (FAO up to 220) can
perform well in in south-west of Latvia each year, if the
suitable growing technologies are provided. The highest
DM yield in our study was achieved by the hybrid ‘ES
Marco’ (FAO 220) in 2013 (23.61 t ha-1). The same hybrid
also demonstrated a high mean four-year yield (2010–2013)
— 18.88 t ha-1. During the early part of our study period
(1999–2006), in 2002, when heat conditions were most suit-
able for maize growing (Table 2), the record DM yield
(19.28 t ha-1) was achieved by hybrid ‘Euro 401 CB’ (FAO
350 – hybrid of an overly late maturity for Latvia).

The interaction effect of “hybrid � environmental factors”
on maize yield observed in our research has been recorded
also by other authors for similar latitudes (55–60°N), e.g.
Mussadiq et al. (2012). This can be explained by better per-
formance of earlier hybrids in poor years or conditions, and
superior performance by later-maturity hybrids in suitable
conditions. Delayed sowing of late hybrids in poor years
can also decrease the DM yield (Millner et al. 2005). We
used hybrids with different-maturity in our study, they were
exposed to possible unfavourable conditions in more or less
diverse development stages, causing inconsistent effect on
maize yield. For example, in 2007, when conditions for
maize growing were very suitable and the 2nd highest mean
maize DM yield was obtained (18.95 t ha-1; Table 3), while
the hybrid ‘RM-20’ (FAO 180) had the lowest DM yield
(13.32 t ha-1), compared to its maximum yield 18.51 t ha-1

in 2002 and mean DM yield 15.42 t ha-1 for six years
(2002–2003 and 2005–2008).

Better maize yields were obtained in warmer seasons. An
important factor was temperature in the early season (May
and June), which has been reported also by Stewart et al.
(1998). Low temperature in the first part of the growing sea-
son significantly affected yield. Maize cold-stress tolerance
in early growth stages is of particular importance (Greaves
1996, Barriere et al. 1997, Revilla et al. 2000, and Reimer
2010). Our trials suggest that cold tolerance of maize hy-
brids in early vegetative phases should be investigated in
more detail in the conditions of Latvia. Generally, July and
August have suitable temperatures for maize growing in
Latvia, but in May and June, nights are usually cool, mean
temperatures are low, and sometimes spring frosts occur. In
2002 and 2006, which generally were favourable for maize
growing, spring frosts were observed on 20–21 May and on
1 June, respectively, when maize was not visibly affected
but evidently suffered influencing the later formation of
yield.

Many studies emphasise the importance of sufficient mois-
ture availability during maize flowering (tasseling and silk-
ing) as well as in the period just after silking (Cakir, 2004;
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Ramadoss et al., 2004). In Nebraska, USA, hybrids devel-
oped in different years (1970s, early 1990s, and late 1990s)
were observed to respond similarly to the varying water lev-
els on average, but individual hybrids responded differently
(O’Neil et al., 2004). In our study, the hybrid ‘Nancis’
(FAO 120) was markedly affected by drought in 2006,
when its DM yield was only 13.30 t ha-1 (mean value for all
hybrids that year — 14.24 t ha-1 (Table 3); in comparison,
in 2007 this hybrid had a considerably higher DM yield —
19.75 t ha-1, which was above the mean DM value (18.95 t
ha-1) that year. Water stress in maize development can also
lead to decreased plant height (Otegui et al., 1995; Cakir,
2004), as found also in Latvia (e.g. Gaile, 2012).

Although temperature and moisture are limiting factors for
yield, nevertheless, the gap between the higher mean yield
in our trials compared to the mean statistical yield on Lat-
vian farms shows that improvement of growing technolo-
gies is needed. In Latvia, the effect of some maize yield-de-
termining factors considered as important by researchers in
other countries has not been investigated during the last de-
cades, e.g. plant population density at harvest (Stanton et

al., 2007; Baron et al., 2008), effect of seed size on yield
(Sulewska et al., 2014), importance of crop rotation
(Ðeremeðic et al., 2013) growing maize for silage, and pos-
sibility of minimising soil tillage (Aviþienyte et al., 2013).
Such investigations are needed also in Latvia, together with
detailed research on maize fertilization. Our observations in
production fields showed that also the sowing and harvest-
ing schedule and the way of nitrogen top-dressing need to
be improved.

Maize quality. For good quality silage, DM content in
fresh maize yield at harvest is recommended to be higher
than 28%, but the requirement in Latvia is at least 25% of
DM in fresh maize. Some improvement in DM content can
be made by early sowing, and later harvesting (late Septem-
ber or early October) (Gaile, 2012). Also autumn frosts can
desiccate leaves. A strong autumn frost during the 15-year
trial period was observed only in 2005, on 17–18 Septem-
ber, when maize had to be harvested immediately to main-
tain the yield quality. In some other years, frosts were ob-
served only in the first ten-day period of October, which did
not hinder natural maize maturation. Correlation between
DM content with sum of active temperatures, mean seasonal
air temperature, and mean temperature in May–June indi-
cated that temperature is the most important factor for
maize growing in Latvia. Our results also suggest that
global climate change will be beneficial to maize growing
in Latvia during the next years or decades, as predicted by
climate scientists (e.g. Olesen, 2005; Peltonen-Sainio et al.,
2009; Olesen et al., 2011).

Another important characteristics of yield quality is ear pro-
portion of whole-plant DM yield. Low ear proportion of
whole plant DM yield occurred in 2003 due to drought dur-
ing flowering, when maize is particularly sensitive to stress.
Drought can also cause decreased grain number in ears (Set-
ter et al., 2001; O’Neil et al., 2004). The year 2004 was
cool, wet and atypically cloudy during the whole season.

Setter et al. (2001) have found that shade during flowering,
similarly to water deficit, can decrease the number of ker-
nels per ear. In our study, in 2004, mainly hybrids of too
late maturity for Latvia’s conditions were included in the
trial: 11 out of 21 hybrids were characterized with a FAO
number above 220. This trial showed that the coincidence
of several maize yield- and quality-determining factors in
their worst combination can lead to a complete maize-per-
formance failure (Table 3), which growers need to consider.

Maize response to low temperatures during grain filling and
maturation has not been widely investigated like the re-
sponse to low temperatures during early growth stages.
However, Ying et al. (2000) found that maize hybrids dur-
ing grain filling differed essentially in the leaf carbon ex-
change rate response to cold night temperatures. Autumn
frosts can also stop maize development in September, as oc-
curred in 2005, which was one of four years when mean ear
proportion was less than 50% (49.5%).

Maize biomass is not rich in CP. A similar CP concentra-
tion in forage yield to our results (6.7–8.7%) was reported
by Millner et al. (2005) in New Zealand and by Lauer et al.
(2001) in the USA for hybrids developed in different de-
cades of the last century. Lauer et al. (2001) concluded that
CP concentration in maize forage had not changed signifi-
cantly since 1930.

NDF and ADF are inversely related to important forage
quality parameters like intake and digestibility. Lauer et al.
(2001) reported that from 1930 to 1990, owing to progress
in breeding, NDF concentration decreased at the rate of
0.825–0.948 g kg-1 per year and ADF concentration de-
creased at the rate of 0.544–0.698 g kg-1 per year. As matu-
rity of maize at harvest varied because of the differ-
ent-maturity hybrids included in the trial in particular years
and because of the diverse conditions over the 15 trial years,
these differences can be attributed more to the wide range
of hybrids in maize maturity at harvest (reflected in the DM
content) than to the specific qualities of a particular hybrid,
as suggested in another study (Coors and Lauer, 2000).
Similarly, also NEL concentration can be more attributed to
the diverse maize maturities at harvest.

Starch concentration in biomass also highly depends on the
maize maturity stage at harvest. This was the reason why
starch concentration in maize dry matter was the lowest in
2009 and 2012, when temperature conditions were only
moderately appropriate for maize growing and when DM
concentration in fresh yield was low (Table 3). It should
also be taken into account that some hybrids (nine in 2012,
and five in 2009) included in the trial were from the group
having slightly later maturity (FAO above 220), as this may
also have affected the observed starch concentrations. An-
other study (Mussadiq et al., 2012) showed that in similar
latitudes (Kristianstad at 56° N, Sweden) the starch concen-
tration ranged between 23.4 and 31.0%, depending on hy-
brid earliness, while in more northern latitudes (Skara at 58°
N and Vasteras at 59° N, Sweden), a lower starch content
was observed for the same hybrids and in the same years.
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Statistical data analysis showed that maize quality parame-
ters at harvest were significantly affected by the trial year
(temperature and moisture conditions) and the hybrid used.
Nevertheless, the influence of a hybrid can be attributed not
only to genetic differences among the hybrids but also to
the experimental methods used: the diverse-maturity hy-
brids included in the trial each year were harvested on the
same day, when they had reached different maturity stages.
However, the average NDF, ADF, CP, and starch values
were similar to those found by other researchers. In future,
the influence of a hybrid’s genotype on these parameters
and hybrid cold resistance in early development stages un-
der conditions of Latvia should be studied more in detail to-
gether with different growing management aspects.
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METEOROLOÌISKO APSTÂKÏU IETEKME UZ KUKURÛZAS RAÞAS UN KVALITÂTES VEIDOÐANOS LATVIJÂ

Latvija atrodas kukurûzas (Zea mays L.) audzçðanas ziemeïu robeþapgabalâ, kur labas raþas gadi mijas ar neveiksmîgiem. Ðî raksta mçríis
ir analizçt kukurûzas raþu, sausnas saturu tajâ un daþus citus kvalitâti raksturojoðus râdîtâjus 15 gadu laikâ (1999–2013) veiktos lauka
izmçìinâjumos Latvijas Lauksaimniecîbas universitâtes mâcîbu un pçtîjumu saimniecîbâ “Vecauce” (56° N) atkarîbâ no temperatûras un
mitruma nodroðinâjuma. Pçtîjuma gadu laikâ izmçìinâjumos bija iekïauti kopâ 217 daþâdi kukurûzas hibrîdi, kas pieder galvenokârt agrîno
hibrîdu grupai (t.i., raksturojas ar FAO skaitli lîdz 220). Temperatûras un mitruma nodroðinâjums pa gadiem bija ievçrojami atðíirîgs, bet
kopumâ desmit gadi uzskatâmi par piemçrotiem kukurûzas audzçðanai atbilstoði siltuma nodroðinâjumam. Vidçjâ kukurûzas zaïmasas raþa
izmçìinâjumos variçja no 43,01 lîdz 63,39 t ha-1 un bija 1,8 lîdz 2,9 reizes augstâka nekâ atbilstoðâ gada vidçjâ statistiskâ raþa Latvijas
saimniecîbâs. Sausnas raþa variçja no 8,77 t ha-1 (2004) lîdz 20,05 t ha-1 (2013) un bûtiski korelçja ar vidçjo temperatûru maijâ – jûnijâ.
Tâdçjâdi pçtîjumi pierâdîja, ka, vçrtçjot hibrîdu piemçrotîbu Latvijas apstâkïiem, jâpievçrð îpaða uzmanîba to aukstumizturîbai agrînajâs
auga attîstîbas fâzçs. Gan zaïmasas, gan sausnas raþu bûtiski (p < 0.001) ietekmçja gan hibrîds, gan gada apstâkïi un abu faktoru
mijiedarbîba. Sausnas saturs zaïmasâ cieði korelçja ar aktîvo temperatûru summu sezonâ. Nokriðòu trûkums vai nevienmçrîgs sadalîjums
bija raþu limitçjoðs faktors daþos gados. Îpaði nozîmîgi raþu un tâs kvalitâti ietekmçja sausums kukurûzas ziedçðanas fâzç. Apkopojot
rezultâtus, rakstâ izvirzîti turpmâk nepiecieðamie pçtniecîbas virzieni.
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