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Table 1. Details of plots under barley and triticale cultivation in Dasht-e- Naz Sari (Mazandaran province)
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Number of plot Fodder crop Area (ha) Cultivar Crop rotation
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Fig 1. Location of Dasht-e-Naz Sari, Mazandaran province
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Table 2. Results of T-test for ecosystem services in plots of barley as affected by cultivar in Dasht-e Naz, Sari
(Mazandaran province)

Service Average + SD T-value P- value
CPRES £ 5 Ikl glas & s
oS

Sl S s Sahra 2.22+0.33 1.41 0.57™
Carbon sequestration in soil (t. ha™) Nanius 1.9920.17
PSR Sahra 14.79+1.87 -1.84 0.21™
0, production (t. ha) Nanius 16.13+1.41
JTeske Before sowing 1.28+0.13 8.46 0.0001"
Organic matter (%) After harvesting 1.13+0.16
o35 el Before sowing 66.48+15.94 18.31 0.0001"
Microbial respiration After harvesting 34.72+10.31
(mg CO; per kg of soil per day)
bS5 s oSk Before sowing 1.91+0.74 19.43 0.0001""
Mean weight diameter (mm) After harvesting 1.48+0.75
b 4T b pnin (Sle Before sowing 3.25+0.39 6.15 0.0001™
Geometric mean particle (mm) After harvesting 2.69+0.38
055 S Sahra 12.32+1.56 -1.80 0.08"
Biomass (t. ha™) Nanius 13.42+1.18
als > Sas Sahra 3.82+0.07 -8.43 0.15™
Grain yield(t.ha™) Nanius 4.44+0.17
Gls s Sahra 14.47+0.38 -0.10 0.18™
Grain protein (%) Nanius 14.50+0.60
S S Sl Sahra 7.60+4.08 0.34 0.88"

Nanius 7.00+£3.97

Earthworm abundance per m”

.u)aéﬁu@JL,:AOJM,JJIJ@m_'sy:sl}‘,l;@mg)\:s\;ﬁ,r.\m.,;;4;.;»:.z--::ejeas ans

ns, * and **: non-significant difference, the significant difference at 5 and 1 % of probability level
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Table 3. Quantification results of ecosystem services in barley agroecosystems of Dasht-e Naz, Sari (Mazandaran province)
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N - N . N N . -1 .
Number  Microbial Microbial Mﬁnnﬁﬂam:o: cals Cals EM&W%% n (mm) (t. ha™) M\ﬁ_ow__m._v Grain MMW% worms
of plot respiration respiration Soil OM Soil OM protein
before after harvest )
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planting mg CO, per) planting harvest
mg CO; per ) kg of soil per ) )
kg of soil per  day) . . . .
day) Wi ek @R, B Rk
Gl s PrRC P S gps s (gpia
CaST S Sl PHRCEE PrNCYPS
MWD Sl ST g s Sl
before — vwp GMD GMD
planting after before after
harvest planting harvest
9 59.64 39.81 1.71 1.41 1.28 15.16 2.82 2.42 3.27 3.09 12.64 4.25 14.00 9
12 52.04 29.49 2.09 1.17 0.98 17.66 1.52 1.05 3.27 2.94 14.58 - - 4
17 42.41 21.66 1.98 1.37 1.26 13.92 1.73 1.38 3.77 3.18 11.61 3.84 14.80 6
18 91.40 54.95 2.67 1.22 1.17 15.68 2.79 2.31 3.70 3.40 13.01 4.60 15.20 13
19 85.36 42.85 2.34 1.44 1.32 13.42 2.69 2.33 3.19 3.08 11.19 3.81 14.22 11
21 65.32 31.63 1.81 1.18 1.00 14.86 0.78 0.31 2.24 2.16 12.39 4.46 14.36 3
Sl 66.02 36.73 2.10 1.29 1.16 15.12 2.05 1.63 3.28 2.97 12.57 4.19 14.42 7

Mean
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Table 4. Insect biodiversity indices in barley plots of Dasht-e Naz, Sari (Mazandaran province)

dabad o)las sily =0l R Bl <AlL Stk
Number of  Shannon- Simpson Uniformity Margalef Menhinick
plot Weiner
9 2.05 0.137 0.89 1.21 2.13
12 2.15 0.120 0.98 1.42 2.17
17 2.12 0.123 0.96 1.22 2.01
18 2.20 0.115 0.95 1.23 2.15
19 2.37 0.118 0.92 1.33 2.23
21 2.14 0.119 0.97 1.24 2.02
Ol 2.17 0.122 0.94 1.27 2.11
Mean
(0553l Slal) (55l 36 Setis 53 o Slalad 43 5,8 OLS (oS 55 (sla el palie .0 s
Table 5. Weed biodiversity indices in barley plots of Dasht-¢ Naz, Sari (Mazandaran province)

ki oo sy ol - e o Seiaia

Number of Shannon- Simpson Uniformity Margalef Menhinick

plot Weiner
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Table 6. Quantification results of ecosystem services in triticale agroecosystems of Dasht-e Naz, Sari

(Mazandaran province)
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Table7. Quantification results of ecosystem services in triticale agroecosystems of Dasht-e Naz, Sari
(Mazandaran province)
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Table 8. Insect and weed biodiversity indices in triticale plots of Dasht-¢ Naz, Sari
(Mazandaran province)
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Table 9. Valuation results of ecosystem services in barley agroecosystems of Dasht-e Naz, Sari (Mazandaran province)

(Rials/ha)
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Table 10. Valuation results of ecosystem services in triticale agroecosystems of Dasht-e Naz, Sari
(Mazandaran province) (Rials/ha)
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Introduction:

Ecosystem services are defined as services provided by the natural environment.
These services produce outputs or effects that directly and indirectly impact human
well-being, culture, and the global economic system (Feng et al., 2018; Ma et al.,
2020). Quantifying the services of agroecosystems is one of the most important
strategies to increase attention to these services and provide appropriate solutions
to maintain and sustain these services. The development of intensive agriculture
has transformed agricultural landscapes into simple, low-coverage single-product
systems similar to semi-natural habitats. This change has led to a sharp decline in
biodiversity and a reduction in the provision of ecosystem services to agriculture.
It has been confirmed that among ecosystem services, pest, and weed control, and
pollination have significant impacts on global agricultural production. The most
common criteria for evaluating cropping systems are grain and fodder yield and
short-term profitability. In this context, fodder products can be used only if they

do not interfere with cash crop production. Adding forage plants to crop rotations
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offers an opportunity to increase the ecosystem services in agricultural systems. In
this study, all types of provisioning, supporting and regulating services in barley

and triticale fields were evaluated and quantified.

Materials & Methods:

In this study, 8 plots were selected from different plots of autumn crops of barley,
and triticale. In this study, provisioning, supporting, regulating services in the
cultivation of barley and triticale fields of Dasht-e Naz, Sari Agricultural Company
(Mazandaran province) were evaluated and quantified during the cropping season
of 2019-2020. Soil samples were taken from a depth of 0-30 cm before barley and
triticale planting in November 2019 and after harvest in June 2020 to assess rate
of microbial respiration, organic matter and carbon sequestration. Also, oxygen
production was estimated based on net primary production. A sampling of plant
biodiversity and yield of autumn crops were performed based on the W shaped
pattern with 0.5x0.5 m? quadrate. In this study, insects were collected by three

methods: yellow sticky trap, insect nets, and ground trap.

Results & Discussion:

The results showed that the highest amount of oxygen production was obtained
from plots 12 and 16, which yielded about 17.66 and 16.57 tons per hectare of
barley and triticale fodder, respectively. In this research, plot 18 had the highest
amount of carbon sequestration (2.67 tons per hectare), microbial respiration
activity (91.40 mg CO2/kg soil/day before planting and 45.95 mg CO2/kg soil/day
after harvesting), and earthworm abundance (13 per square meter). The biodiversity
status of insects and weeds was evaluated using the Shannon-Weiner diversity
index, which was highest in plots 12 and 16 for both barley and triticale (2.65 and
2.89 for weeds, and 2.37 and 2.49 for insects, respectively). These plots did not
use herbicides, unlike the other plots, which could increase the diversity index.
In contrast, another study reported that the diversity index was lowest in winter
wheat farms (0.14) and highest in triticale farms (1.00) (Sawicka et al., 2020).
Four beneficial insects, namely Syrphus ribesii, Chrysoperla carnea, Coccinella

septempunctata Linnaeus, and Apis mellifera ellifera, were recorded in the barley
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and triticale plots studied.

Conclusion:

The results of this study indicated that crop management and intensive agricultural
systems influenced the provision of various ecosystem services in barley and triticale
fields. These services were affected by different factors, such as cultivar type,
crop rotation, and tillage methods. In general, intensive agriculture is associated
with climate change and biodiversity loss, which can lead to the reduction of
ecosystem services, especially regulating and provisioning services. Therefore,
adopting management practices that are more compatible with natural ecosystems
can help to enhance the ecosystem services in agroecosystems and maintain their

sustainability level.
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