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Changes in carbohydrate content in mixtures
of field pea and spring triticale determining
the quality of green fodder

Zmiany zawartosci weglowodanow w mieszankach grochu siewnego
z pszenzytem jarym decydujace o jakosci zielonki

Summary. Green fodder obtained from mixtures of legume and cereals can be a good quality for
direct feeding. Obtaining good quality fodder from mixtures cultivated on arable land is possible
on the condition of proper share of components, harvest time and plant selection. The aim of this
study was to evaluate the effect of the share of components in the mixture of pea with spring
triticale and the harvest date on carbohydrates content in green matter. A field experiments were
conducted from 2016 to 2018 and two factors were studied: I. Share of components in the mixture:
field pea - clean sowing, spring triticale — clean sowing, field pea 75% + spring triticale 25%, field
pea 50% + spring triticale 50%, field pea 25% + spring triticale 75%. Il. Harvest date: flowering
stage of field pea, flat green pod stage of field pea. The highest content of total carbohydrates and
water-soluble carbohydrates, among the mixtures, was found in the mixture with 75% share of pea
and 25% share of spring triticale. The harvest date had no effect on the concentration of total
carbohydrates, while delaying the harvest date caused a decrease in the water-soluble
carbohydrates content in the green matter of the mixtures.
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INTRODUCTION

On farms focused on intensive cattle production, special attention should be paid to
the quality of roughage, which is largely the main nutrient in ruminant nutrition [Bilik
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and Strzetelski 2014]. According to Aufrere et al. [2008], the factor that determines the
usefulness of forage in cattle feeding, besides the highest possible yield, is also its nutri-
tive value. The use of feeds with a low nutritive value results in a longer finishing time
and thus a higher consumption of roughage and concentrate feeds to supplement the
nutrients present in deficiency [Litwinczuk et al. 2013]. As a result, this causes a signifi-
cant increase in the cost of raising ruminants and thus a reduction in agricultural income.
High quality roughage can be obtained from the cultivation of legume — cereal mixtures
in the case of optimal selection of mixture components, harvesting date as well as appro-
priate selection of plants for the conditions in which they are grown. According to Oba
[2010], feeding carbohydrates-rich forages to dairy cows increases overall dry matter
intake as well as milk fat yield. According to Ondarza et al. [2020], increasing the
amount of carbohydrates in ruminant diets decreases the amount of ammonia in the ru-
men, concluding that rapidly digested carbohydrates assist rumen microorganisms in
nitrogen uptake and utilization. The authors also suggest that, additional carbohydrates
in cattle feed increase fiber digestion, microbial protein synthesis and rumen pH. Also
Klevenhusen and Zebeli [2020] reported that feeding water-soluble carbohydrates
(WSC) rich feeds to cattle has a positive effect on rumen pH. Thus, feeding WSC rich
feeds does not increase the risk of rumen acidosis [Taweel et al. 2005, Bertilsson et al.
2017] which can lead to other metabolic disorders [Humer et al. 2018]. This type of feed
provides high milk yield, high yielding cows may however require temporary addition of
concentrate feed in early lactation to be able to overcome the negative energy balance
after parturition [Klevenhusen and Zebeli 2020]. The objective of this study was to de-
termine the effect of component proportion in the mixture and harvest date on total car-
bohydrates (TC) and water-soluble carbohydrates in mixtures of pea and spring triticale.

MATERIAL AND METHODS

The field experiment was conducted in 2016-2018 at the Agricultural Experimental
Station in Zawady belonging to the University of Natural Sciences and Humanities
in Siedlce. The field was flat, water erosion did not occur. The experimental soil was
Stagnic Luvisol, of very good rye complex, of valuation class of Vb soil. The content of
available mineral elements in the soil was: P 81.0 mg kg™, K 122.0 mg kg, Mg
52.0 mg kg=*. The humus content was 13.9 g kg™. The experiment was set up in split —
block design in three replications. The original plot size was 20 m? (5 m x 4 m) and the
harvested plot area was 16 m? (4 m x 4 m). Two factors were studied in the experiment:

I. share of components in the mixture: field pea — pure sowing, spring triticale — pure
sowing, field pea 75% + spring triticale 25%, field pea 50% + spring triticale 50%, field
pea 25% + spring triticale 75%;

I1. harvesting date: flowering stage of field pea (BBCH 65), flat green pod stage of
field pea (BBCH 79). The detailed list of mixtures and their sowing rates: field pea
240 kg ha, spring triticale 220 kg ha%, field pea 180 kg ha* + spring triticale 55 kg ha,
field pea 120 kg ha* + spring triticale 110 kg ha%, field pea 60 kg ha* + spring triticale
165 kg ha. In all years of the study, experimental mixtures were preceded by oats. In
autumn phosphorus and potassium fertilizers were applied in doses depending on the soil
chemical composition, i.e. 34.8 kg ha* P in the form of 46% triple superphosphate and
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99.2 kg ha* K in the form of 60% potassium salt. In spring, nitrogen fertilizers in the
form of ammonium nitrate 34% were applied before sowing seeds. On all treatments,
with the exception of pea grown in pure sowing, 30 kg N ha™ was applied. At the stalk
shooting stage, an additional 50 kg N ha'! was applied for spring triticale and 30 kg N ha™*
for mixtures of pea with spring triticale. The seeds of pea (‘Roch”) and spring triticale
(‘Milewo’) were sown in the 1st decade of April according to the first experimental
factor. Sowing was carried out with a Mazur 5 type S052/C grain drill. The plants were
harvested according to the second factor of the experiment: pea flowering stage (3rd
decade of June) and pea flat green pod stage (1st decade of July). While harvesting of
mixtures from each field, the fresh matter of 1 kg was acquired (the sample) for the
chemical analysis. The sample was shredded and dried in the room with free air flow of
ambient temperature. After drying the following estimates were made: total carbohy-
drates (TC) and water-soluble carbohydrates (WSC) the determination method used was
near infrared spectroscopy (NIRS) and the spectrometer was a NIR Flex N-500. The
method is described in detail in the Polish Standard called PN-EN 1SO 12099:2010 and
in the literature [Burns et al. 2010].

Each of the studied characteristics was subjected to analysis of variance according to
the split-block design scheme. In case of significant sources of variability, detailed com-
parison of means was made with the use of Tukey’s Test.

Temperature and precipitation conditions in the years of the study were varied (Tab. 1).

Table 1. Weather conditions during the growing season of field pea/spring triticale mixtures
according to the Zawady Meteorological Station

Month
Years v \Y, \ Vil Means
Temperature (°C)
2016 9.1 151 18.4 19.1 15.4
2017 6.9 13.9 17.8 16.9 13.9
2018 131 17.0 18.3 20.4 17.2
Loggggg‘og‘ga” 8.2 14.2 17.6 19.7 14.9
Precipitation (mm) Total
2016 28.7 54.8 36.9 35.2 155.6
2017 59.6 495 57.9 236 190.6
2018 345 273 3L5 67.1 160.4
et i 37.4 471 48.1 65.5 198.1

The 2016 growing season recorded an average temperature 0.5°C higher than the
multi-year average. During the entire growing season, precipitation was of 42.5 mm
lower compared to the multi-year total. In 2017, the average temperature during the
growing season was 1°C lower than the multi-year average, in turn, the total precipita-
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tion was of 7.5 mm lower than the multi-year total. The average temperature recorded
during the growing season in 2018 was of 2.3°C higher than the multi-year average.
In contrast, total precipitation was of 37.7 mm lower than the multi-year total.

RESULTS

The content of TC in mixtures of pea with spring triticale was significantly modified by
weather conditions, share of components in the mixture and their interaction. The highest
content of TC was revealed in mixtures of pea with spring triticale harvested in 2018, signifi-
cantly lower of 13.9 g kg™ d.m. in 2016 and of 25 g kg™ d.m. in 2017 (Tab. 2).

Table 2. Total carbohydrates content in field pea/spring triticale mixtures according to component
share in the mixture in 2016-2018 (g kg * d.m.)

Composition of mixture (%) Years
Means
field pea spring triticale 2016 2017 2018
100 0 264.8 254.4 286.5 268.6
75 25 194.7 169.5 217.6 193.9
50 50 167.0 158.7 183.6 169.7
25 75 130.3 118.4 1345 127.7
0 100 86.8 87.2 91.0 88.3
Means 168.7 157.6 182.6 —
LSDo.0s
Years (Y) 14.4
Composition of mixture (A) 221
Interaction (Y x A) 38.3

The share of components in the mixture also had a significant effect on the concen-
tration of TC. The highest content of TC was found in pea grown in pure sowing and the
lowest in spring triticale. Among the mixtures, the significantly highest content of TC
was found in the mixture with a component share of 75% pea and 25% spring triticale.
The interaction of weather conditions and the share of components in the mixture was
revealed, which shows that the significantly highest content of TC was characterized by
pea grown in pure sowing in all years of the experiment, at the significantly lowest level
the concentration of TC was found in spring triticale grown in pure sowing during the
entire period of the experiment and in the mixture with a share of components of 25%
pea + 75% spring triticale harvested in 2017.

Weather conditions significantly differentiated the concentration of TC in mixtures
of pea and spring triticale at the harvest dates studied (Fig. 1).

The highest value was revealed in mixtures harvested at the flowering stage of pea
in 2018. Mixtures harvested in 2016 and 2017 regardless of harvest date and mixtures
harvested in 2018 at the flat green pod stage of pea were characterized by comparable,
significantly lower, TC.
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Figure 1. Total carbohydrates content in field pea/spring triticale mixtures according to harvest
date in the research years 2016-2018

The harvest date did not significantly affect the concentration of TC in mixtures
of pea and spring triticale (Tab. 3).

The mixtures harvested at the flat green pod stage of pea concentrated comparable
values of TC as those harvested at the flowering stage of pea. The interaction of the
proportion of components in the mixture and harvest date showed that the pea crop had
significantly the highest TC content regardless of harvest date. The significantly lowest
content of TC was found in spring triticale grown in pure sowing irrespective of the
harvest date.

Table 3. Total carbohydrates content in field pea/spring triticale mixtures — means across
2016-2018 (g kg d.m.)

Composition of mixture (%) — A Harvest date
field pea spring triticale ﬂ%‘?’?{éﬁ? s;zge flat %rfeﬁglgopde;tage
100 0 268.1 269.0
75 25 200.9 186.9
50 50 175.4 164.0
25 75 143.9 111.6
0 100 94.6 82.0
Means 176.6 162.7
LSDo.os

Harvest date (B) ns*
Interaction (A x B) 29.2

* ns — non-significant

Statistical analysis showed a significant effect of thermal and moisture conditions, the ex-
perimental factors studied and their interaction on the WSC content in mixtures of pea and
spring triticale. The highest WSC content was determined in mixtures harvested in 2018, low-
erof 122 gkg? d.m. in 2016, and significantly lowest of 23.1 g kg™ d.m. in 2017 (Tab. 4).
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Table 4. Water-soluble carbohydrates content in field pea/spring triticale mixtures
according to component share in the mixture in 2016-2018 (g kg™ d.m.)

Composition of mixture (%) Years Means
field pea spring triticale 2016 2017 2018
100 0 164.6 158.5 175.8 166.3
75 25 120.6 106.1 137.6 121.4
50 50 110.6 96.6 121.7 109.6
25 75 88.3 73.6 100.9 87.6
0 100 70.1 64.6 79.1 71.3
Means 110.8 99.9 123.0 -
LSDo.os
Years (Y) 8.7
Composition of mixture (A) 13.3
Interaction (Y x A) 23.0

The proportion of components in the mixture also significantly differentiated the
WSC concentration. The highest WSC content was revealed in pea grown in pure sow-
ing and the lowest in spring triticale. Additionally, it was found that mixtures with the
share of 75% pea + 25% spring triticale and with equal share of both components con-
tained comparable WSC contents. The interaction between weather conditions and the
share of components in the mixture was demonstrated and it resulted that the highest
WSC concentration was characterized by pea in all years of the study.

Growing season conditions also differentiated the WSC concentration in mixtures of pea
and spring triticale at harvest dates analyzed in the experiment (Fig. 2). The highest WSC
content was found in the 2018 mixtures harvested at the flowering stage of pea. Its signifi-
cantly lowest content was of 47.4 g kg* d.m. recorded in 2016 and of 59.4 g kg* d.m.
in 2017 mixtures of field pea and spring triticale harvested at the flat green pod of field pea.

kgt d.m.
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190 | 4383

1179
120
105.3
100 93.3

81.3
80

60
40

20 12.6

0 A

2016 2017 2018 LSD 0,05
B Flowering stage of field pea Flat green pod stage of field pea

Figure 2. Water-soluble carbohydrates content in field pea/spring triticale mixtures
according to harvest date in the research years 20162018
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Table 5. Water-soluble carbohydrates content in field pea/spring triticale mixtures — means across
2016-2018 (g kg d.m.)

Composition of mixture (%) — A Harvest date
. . . flowering stage flat green pod stage
field pea spring triticale of field pea of field pea
100 0 198.9 133.6
75 25 139.4 1034
50 50 90.1 129.1
25 75 98.1 77.1
0 100 79.4 63.1
Means 129.0 935
LSDo.0s
Harvest date (B) 7.3
Interaction (A x B) 125

The harvest date significantly modified the concentration of WSC in mixtures of pea
with spring triticale (Tab. 5). The mixtures harvested at the flowering stage of pea were
characterized by a significantly higher of 35.5 g kg™ d.m. WSC content than those har-
vested at a later developmental stage of the legume plant. The interaction between the
proportion of components in the mixture and the harvest date was demonstrated, show-
ing that pea harvested at the flowering stage had the highest WSC content. Among the
mixtures, the highest concentration of WSC was revealed in mixtures with 75% share of
pea and 25% of spring triticale harvested at the flowering stage field pea and a mixture
with equal share of both components harvested at the flat green pod stage of field pea.

DISCUSSION

The content of TC and WSC in the green fodder of mixtures of peas with spring trit-
icale determines the quality of the obtained fodder for cattle feeding. In our study, the
highest content of TC and WSC was recorded in mixtures of peas with spring triticale
harvested in dry 2018, and significantly lower in 2016 and 2017. An analogous relation-
ship was recorded in their study by Carvalho [2005], Gill and Omokanye [2016, 2018]
and Rad et al. [2020]. Also other authors [Nazarli and Faraji 2011, Izanloo et al. 2008,
Carvalho et al. 2004] have shown higher carbohydrates content in legume and cereal
crops as a result of reduced water availability. This is due to the fact that with less rain-
fall during the growing season, the concentration of nutrients, including TC and WSC
content, increases in plants. In the present experiment, analyzing the carbohydrates con-
tent in plants depending on the share of components in the mixture, a higher carbohy-
drates content was recorded in pea than in spring triticale. This is confirmed by the re-
sults of other authors’ studies on the cultivation of different legume/cereal mixtures
[Mustafa and Seguin 2004, Nazarli and Faraji 2011, Konig et al. 2017, Brown et al.
2018, Ferreira et al. 2017, Jilani et al. 2018, Omokanye et al. 2019, Rad et al. 2020]. In
our study, analogously to the studies of Mustafa and Seguin [2004], Nazarli and Faraji
[2011], Brown et al. [2018] and Jilani et al. [2018], the addition of a legume crop to
cereal mixtures increased the carbohydrates content of green fodder. In the present ex-
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periment, the highest content of TC and WSC was recorded in the mixture of pea and
spring triticale with 75 + 25% components. In the study of Salama [2020], the highest
non-fibre carbohydrates content was recorded in the green forage of berseem clover
mixtures with cereals with component shares of 50 + 50% and 75 + 25%. Baghdadi et al.
[2016] also recorded the highest WSC content in corn-soybean mixtures with component
shares of 75 + 25% and 50 + 50%. In our study, analogously to the study of Brown et al.
[2018] and Salama [2020], the mixtures with the lowest share of legume crop were char-
acterized by the lowest carbohydrates content.

In the present experiment, the harvest date of mixtures of pea with spring triticale
significantly differentiated the content of TC and WSC in green fodder. Field pea and
spring triticale mixtures harvested at the field pea flowering stage were characterized by
a higher WSC content than those harvested at the stage of the flat green pea pod. An
analogous relationship in their studies on other legume-cereal mixtures was noted by
other authors [Konig et al. 2017, Maxin et al. 2017, Markovi¢ et al. 2020]. Also Fali-
gowska et al. [2014] in their experiment showed a decrease in the concentration of WSC
in the green matter of white lupin with a delay in the harvest date, which is consistent
with the results obtained in our study.

According to Klevenhusen and Zebeli [2020], providing dairy cattle with a WSC
content of 150-200 g kg™ d.m. allows to reduce the inclusion of supplement concentrates
in diets, while improving rumen health and sustainable milk production. The level of
WSC content obtained in our study in the mixture with 75% of pea and 25% of spring
triticale components harvested at the flowering stage of legume plant is slightly lower, so
one can expect a positive effect of feeding such green forage on dairy cattle.

CONCLUSIONS

The highest carbohydrate and water-soluble carbohydrates concentration in mixtures
of field pea and spring triticale was revealed in the year with the lowest sum of precipita-
tion. Among the mixtures, the highest content of total carbohydrates and water-soluble
carbohydrates was recorded in the mixture of field pea with spring triticale with the
share of components 75 + 25%. Mixtures of field pea and spring triticale harvested at the
flat green pod stage of field pea concentrated a similar content of total carbohydrates as
mixtures harvested at the flowering stage of field pea, but less water-soluble carbohydrates.
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