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Abstract: Apple orchards face the major challenge of ensuring maximal productivity with due consideration for the
environment and natural resource. How to balance its ecosystem services is one of the important issues facing the sustainable
development of apple orchards. The field experiment and the STICS model were used to study the impacts of agricultural
management and climate on the ecosystem services of apple orchards in the Loess Plateau of China. And on this basis, four
apple orchard ecosystem services including soil nitrogen availability, climate regulation, water circulation regulation, and
fruit production were systematically evaluated in the south semi-humid and north semi-arid regions of the Loess Plateau of
China. This model was parameterized by using data collected on two experimental apple orchard sites under irrigating and
mulching management in the Loess Plateau. The results showed that: (1) the STICS models could well simulate the

ecosystem service indicators such as yield, fruit mass, soil water content, and evapotranspiration of the Baishui and Zizhou
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experimental orchards. (2) Except for the synergies between carbon sequestration and yield, fruit mass and fruit-related
indicators, there is a trade-off relationship among other ecosystem services. The contribution of carbon allocaton to fruit in
sequestrated carbon was considerable. Nitrogen absorption, impacted by mulch and irrigation, was a major driver of these
ecosystem service relationships. (3) For the average service standard value of the orchard under various management
measures, straw mulching (0.67) > film mulching (0.52) > clearing cultivation (0.30) , comfort irrigation (0.56) > low
water stress irrigation (0.44) > high water stress irrigation (0.30). The service profile of the orchard with straw mulching
and comfort irrigation were the best. And the service profile of the orchard with film mulching and low water stress irrigation
were similar and the most balanced, showing higher yield, fruit mass and soil water content but lower N,O emission. (4)
The effect of mitigating trade-offs of straw mulching and low water stress irrigation are better than other management
measures, and these two apple orchards are the most ideal orchards. In summary, the STICS model can quantify orchard

ecosystem services profiles well, and agricultural management is a powerful driving factor of orchard ecosystem services.

Key Words: apple orchard; ecosystem service; assess; crop model; STICS model
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Table 1 Main characteristics of six orchard systems parameterized and evaluated by the STICS model for apple orchards
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Fig.1 Daily temperature and total solar radiation during the growth period of apple orchards in each experimental site
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Table 2 The significance and value of main apple orchard STICS model parameters

28 B HuE
Parameters Unit Values
H A A [ =)
| A A I LL A7) . . . Jena L0
Sensescent leaf proportion falling on the soil
(RN e 3 P 0.5
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ettt T 1 2 S
iiﬁyfz@?ﬁﬁﬁﬁk/’ﬁ o ' N% 2.32
Parameter of the critical curve of nitrogen requirements
fi /El: s =] =N
PR RS IR C/d 0.025
Potential number of fruits in per degree day
F IR T 4R 50 ik B /N JEE 5 0.1
Minimal density when interplant competition starts m ’
LAT S KA KO R 2
Maximum rate of LAI m/P/(°C - ) 0.1
ERR ekt 41 05
Extinction coefficient
L A .
. t/hm 1.0
Aboveground dry matter of nitrogen
RIS , “
Maximum fruit weight &
KT AL By AR A A7 14 LL 471 e
. . T 0.1
Maximal proportion of carbon reserve remobilizable daily
SEVERITF AR A K O NI f - ose
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i K Fae/INTR /Y IR
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Table 3 Orchard ecosystem service indicators and units

M5 ECEZ Hfir
Service Indicator Unit
FHER T FIHAEE S Soil nitrogen availability 0—20 cm L HERHS AR Z mg/kg
S A5 Climate regulation N,O HEjk = kg N hm2a”

B kg C hm™2 a”

% LT i

IKIGFIHHT Water cycle regulation

0—20 cm +HEFI KR
0—20 cm K=

A A R R R mm
RAA 7 Fruit production Fri t hm™2

P R g/

F4 REESRGIIEIERANA
Table 4 Orchard ecosystem function indicators and units
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Jé§%8 Humification S AR AL 1 kg C hm2a™!
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Z B F% Nitrogen nutrition ﬁ;i*fﬁ(zil—ﬁloﬁi)g R 5 ToEN
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Fig.2 Comparison of simulated and measured values of yield, fruit mass, soil water content, and evapotranspiration in each orchard
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Table 5 Evaluation of simulation effect of STICS model on yield, fruit mass, soil water content, and evapotranspiration
15 Location 645 Indicator MD/ % RRMSE/ % EF
Fk P -2.0 7.3 0.1
R 13.6 13.8 -8.0
TRy 1.0 16.1 -0.6
ET 13.4 27.1 -0.3
Tl e -13.0 13.7 0.2
HURT 9.4 10.8 -5.2
TRy 7.3 13.9 -0.6
ET 7.0 26.5 0.3
MD AHXF 2 2% Mean deviation; RRMSE ; AHXf 175 #1224 Relative root mean sequared error; EF ; fALKEEE Water effciency
&R 6 STICS A RE &SR G AIEREME
Table 6 Value of ecosystem function indicators simulated by the STICS model in apple orchard
T VI LR A e Tﬁgfﬁ e RRREH S
Apple ecosystem N mlnereihzze(i/l il € seqjl: nc7e1/ \ absor;itionfl sequence/ nutrition sufficiecy Fruit number quantity/
(kg Nho=a™) (kg Ch™a™) (kg N7 (kg Clm2a™") index index per tree (kg Chm2a71)
1 125 -1320 62 7050 0.99 0.97 72 4970
2 276 -2454 100 11280 1.00 1.00 80 8100
3 214 -2168 96 10220 1.00 0.99 72 7004
4 312 -2955 46 6980 0.99 1.00 56 4060
5 42 -2292 45 6450 0.99 1.00 49 3870
6 218 -1320 41 5670 0.98 0.98 49 3310
R 7 STICS REREETRERSIERELE
Table 7 Value of ecosystem service indicators simulated by the STICS model in apple orchard
PRELSRY LA o e FEBKE ki A i .
Apple ecosysten Soil nitrate/ oxide/ sequence/ ‘ Mean soil Storage Evapotranspriration/ Ylﬂld; Fruit mase/g
(mg/ke) (ke N hm=2a7") (ke Chm2a”1) water content/ % water/mm mm (t/hm*)
1 12.96 1.49 5730 13.00 35.10 341.62 29.97 167
2 16.67 111 8826 12.95 3497 366.47 37.61 185
3 18.52 1.76 8052 14.07 37.9 346.32 32.68 180
4 13.33 1.52 4025 15.80 31.92 393.06 17.90 215
5 17.14 1.28 4158 13.32 31.97 387.13 17.15 238
6 17.32 1.19 4350 12.57 30.17 379.72 14.64 210

(2) SORIGFAE B IR SS  AEM s S T A RS 14.64 v/hm® (R 7) )77 & 5 RARRK[E 2 F1
B IEAHOC (B 4) 5 B Rk 5 AU E AR G (BT 3) S [ Btk e B e g A ] e 80 6, T SR AR 19 -
25 RSRE BT RN PR R E RO RSB (R 7). RE G RRE A (K 4) , FURE
FraE AL E AR AR (R T) .

(3) S/KPEFHE B AR S5 - 79 7 20V R 1) SR el = 49K o0 v T LA SR el (2 7). K& S N,0 IEAHE
(Fl4), ZZRZEBSRBNRANDE (BRI XR) BES BEm A (B 4) . HRKa R
TER S 2 KR IE A (] 3)

2.3 FREAS RGNS

A A B it R R S el A 2 R G R S5 LS M A A W 3 AN [ K e ) R el A S R G IR 55 1

LR MALK , EBEREAS RN | SR E R K A HE K SRR, N, O HEBCR B . 70 /v A SR Pl IR 55 T
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Fig.3 Relationship between orchard ecosystem functions and ecosystem services
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Fig.4 Orchard ecosystem service synergy and trade—off
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Fig.5 Impact of climate and agricultural management on ecosystem functions that are more relevant to ecosystem services
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Fig.6 The service profile of the orchard ecosystem on the radar chart
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