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Avrticle Info ABSTRACT
Article type: Background and Objectives: With the warming of the earth,
Research Full Paper drought conditions and reduction of water resources, it is necessary

to use plants such as quinoa in animal feed, which are low water-
absorbing, compatible with soil salinity conditions (pH between 6
and 5.8) and unusual weather conditions. This research was carried
out with the aim of the effect of harvest time (budding and flowering
stages) and different amounts of nitrogen fertilizer (150, 200 and
250 kg/ha) on chemical composition, fermentation parameters and
methane gas production of whole quinoa plant (Sjama variety).

Materials and Methods: Quinoa plant was cultivated in the field
with three levels of nitrogen fertilizer (150, 200 and 250 kg/ha). For
Article history: each treatment, Six pI(_)ts were considered as _replicqtes. The
Received: 07/13/2024 experimental treatments included alfalfa, 150 budding quinoa, 200
Revised: 08/18/2024 budding quinoa, 250 budding quinoa, 150 flowering quinoa, 200
Accepted: 08/20/2024 flowering quinoa and 250 flowering quinoa. After drying, the
samples were ground using mill and to determine the chemical
compounds and fermentation parameters were used. The obtained
data were tested and analyzed using SAS software and the averages
obtained were statistically compared using Duncan's multi-range
test.

Results: The amounts of dry matter (DM, 161.23-177.50 g/kg fresh
weight) and ADF (173.00-303.00 g/kg DM) of quinoa forage at
different stages of harvest were lower than the amount of DM of
alfalfa (337.50 g/kg fresh weight and 333.67 g/kg DM) and this

Eﬁ%}’:«ls :eg;ge amount increased with the age of the plant (P<0.0001). Crude ash
CH4 gas (211.30-247.80 g/kg DM), CP (165.37-200.83 g/kg DM), and EE
Digestibility (22.27-28.72 g/kg DM) contents of quinoa forage were higher than
in vitro fermentation alfalfa forage (97.67, 144.50 and 16.10 g/kg DM respectively), and
Quinoa forage these values decreased with increasing age of the plant. With the

increase in the level of nitrogen fertilizer, the amounts of CP and EE
in budding stage and flowering stage in quinoa forage increased.
The effect of harvesting stage and fertilization amount on,
asymptotic gas production, ADS and GP,, were different compared
to alfalfa forage. The amounts of IVOMD and ME in alfalfa forage
were lower than that of quinoa forage at budding stage, and but was
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almost equal to quinoa forage at flowering stage. The PF,, (2.59-
2.87) and MP (95.85-147.20) in quinoa forage increased com-pared
to alfalfa forage (2.41 and 54.75) and also with increasing
fertilization in quinoa forage (P<0.0001). Only the amount of VFAs
of the quinoa forage harvested at the budding stage and the amount
of 150 and 200 kg of nitrogen fertilizer were higher than alfalfa
forage (80.72 and 80.39 compared to 78.93 mmol/l). The amount of
acetate, the ratio of acetate to propionate, NH;-N, CO, and CH, in
quinoa forages, were lower than alfalfa forage, but the amount of
propionate in quinoa forages were lower than that of alfalfa forage
(P<0.0001). The total population of protozoa (5.93-6.19 and 6.28)
and the subfamilies Entodiniinae (5.83-5.93 and 5.97),
Diplodiniinae (4.70-5.42 and 5.45) and Ophrioscolecinae (4.80-5.33
and 5.36) in quinoa forages decreased compared to alfalfa forage
(P<0.0001).

Conclusions: Based on the results of this research, quinoa forages
in both harvest stages (especially fodder harvested in budding stage
with amounts of 150 and 200 kg of nitrogen fertilizer) in terms of
chemical composition, especially CP and improvement of
parameters fermentation (reduction of NH;-N and CH, production)
was superior to alfalfa forage. Considering the issue of water crisis
in the country and less water consumption for the growth of quinoa
plant due to its inherent characteristics, this plant has the potential to
be used in livestock feed, but it is necessary to conduct in vivo
research.

Cite this article: Abarghuei, M.J., Karimi, A.H., Agah, M.J. (2025). The effect of harvesting stage and
different levels of nitrogen fertilizer on chemical compounds, in vitro fermentation parameters
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Figure 1- Gas production at different times of fermentation (ml/DM) of alfalfa and quinoa forages
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Al: harvested alfalfa at the flowering stage, B150: quinoa forage harvested at the time of budding and the
amount of 150 kg/ha of nitrogen fertilizer used, B200: quinoa forage harvested at the time of budding and
the amount 200 kg/ha of nitrogen fertilizer used, B250: quinoa forage harvested at the time of budding
and the amount of 250 kg/ha of nitrogen fertilizer used, F150: quinoa forage harvested at the time of
flowering and the amount of 150 kg/ha nitrogen fertilizer used, F200: quinoa forage harvested at the time
of flowering and the amount of 200 kg/ha of nitrogen fertilizer used, F250: quinoa forage harvested at the
time of flowering and the amount of 250 kg/ha of nitrogen fertilizer used.
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Table 6- In vitro protozoa population of alfalfa and quinoa forages

Protozoa I,; 5 ,
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Quinoa flowering 200
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4.90% 5.00° 5.87% 4.80% 3.23% 6.03¢ _ _° P 1
Quinoa flowering 250
la Sl 3,bisl Bl il
0.060 0.024 0.008 0.595 0.854 0.016 S
SEM
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Alfalfa: harvested at the flowering stage, quinoa budding 150: quinoa forage harvested at the time of budding and the
amount of 150 kg/ha of nitrogen fertilizer used, quinoa budding 200: quinoa forage harvested at the time of budding
and the amount 200 kg/ha of nitrogen fertilizer used, budding quinoa 250: quinoa forage harvested at the time of
budding and the amount of 250 kg/ha of nitrogen fertilizer used, quinoa flowering 150: quinoa forage harvested at the
time of flowering and the amount of 150 kg/ha nitrogen fertilizer used, quinoa flowering 200: quinoa forage
harvested at the time of flowering and the amount of 200 kg/ha of nitrogen fertilizer used, quinoa flowering 250:
quinoa forage harvested at the time of flowering and the amount of 250 kg/ha of nitrogen fertilizer used, non-similar
latin letters in each column represents a significant difference between treatments (P<0.05).
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