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ABSTRACT

Background & Aim: Insects are one of the most abundant biological components in grassland ecosystems, playing a
critical role in the structure and function of the grassland food web. A systematic summary is lacking of the response
patterns and regulatory mechanisms of insect communities due to the increasing severity of global nitrogen deposition.

Review results: This paper summarizes relevant research in recent years and finds that nitrogen deposition can exert
positive, negative, or neutral effects on insect abundance and diversity. The direction of its impact mainly depends on
the duration and intensity of nitrogen deposition, different insect taxa, and types of grasslands. Nitrogen deposition can
affect the quantity and quality of food resources, abiotic conditions, and biotic interaction of insect communities
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through various pathways such as changing plant diversity, plant biomass, plant nutrition, community composition and

structure, microclimate, and breeding habitat.

Suggestions & Perspectives: In the future, research should strengthen the understanding of (1) the multi-trophic
interactions of grassland insects; (2) the interaction between nitrogen deposition and other global change factors; (3) the
examination on a larger temporal and spatial scale; and (4) the role of key functional traits of insects to explain and
predict the response to nitrogen deposition. A benefit from this study is to understand the impact of nitrogen deposition
on grassland insect communities and provide theoretical support for the protection of grassland insect diversity due to

global changes.

K ey wor ds: nutrient enrichment; nitrogen addition; global change; arthropods; insect community; food web

RMEEMAER RGP HENMERTFEM
AR —, W A FEREASMARE T, S
B2 AN E 72 (van Klink et al, 2020). EHUAN
RIS REZ AR E Tt K=
F/EH (Belovsky & Slade, 2000), HA] ARt — £
IR AR ThRe(nsztr 3 RBhE. Ym o
fi#%%) (Losey & Vaughan, 2006; Stevens et al, 2018;
David et al, 2019). #RTM, BT RZML. AFE3)
DL BEH B AN G BRI, B BE A 2 R
1ETE S T % (van Klink et al, 2020; Wagner, 2020;
Wagner et al, 2021), H 2T FFIHE @ EY)
5HMEEY)(Thomas et al, 2004). FEIRATHLIX, T
40% 11 B AP OE T I K 48 )X (Basset & Lamarre,
2019). B UM RFHCE N 2 REVE 0 38 2 7 B UM 24
M A 24, BRI GHE 7 ATz k0.

Tk g Lk, Bl AR R E AR A
MVAG IR T2 Tt ), Bk 2 1R 1 A HE TR R
A B R YRR IR B BR SR T, AT T B A ER
90 Bl A DT R e B SO BN TG i, o A R AL
FHMMAES REREMETAE T IR Z
(Galloway et al, 1995; Goulding et al, 1998). HHIIL
IR BT 3 T B AR X ez —, [
R B = AT 75 111.5 kg Nekm 2-year ' (Liu et al,
2013; Ackerman et al, 2019). ARG AR
AR B K Bl AR 2 R Ge, i 1 2024% 1 HBK i
MR (AR AR AT RE =, 2017). BUTkE S RE M
B AS R RIS FITNRE . 9, ST RE T AR
e PR B U ) R M, AR T AR 7 T (Borer &
Stevens, 2022); [RIIZUITIE T DASE i 2 45 AR R FL4E
TS5 BE, e It 0 s AR ) % A 77 5 TR YR I
4, FRAKHE Y £ FF 1% (Stevens et al, 2004;
Silvertown et al, 2006; Simkin et al, 2016). FIRAA]
KT BT B HU Y B B e A 1 R %) B

i, (T B HUREVE 32 2R 52 00 A A R AL 17 A B
i, SRZ RGMEINN AL G CAMRBE, X
T R i 5 B O VR (10 1 P 3R B L
AT HREL RS, A BT AT B AR RDTRE T R T
i B VAR AL R, D9 TRy B ) 2 AR AN
YEFF FHAE S R G RS R AR A

1 FinkE
ESES

FE PR L B A R B b AR 35 R 40 1) B B A AR
gy, TE R T A L1295 A0 TARAR I 9 1R i 4 5% &R
(EAER], 2004) 0 HFRGTFE AT DUSHE V)RR 7 A8 0
FUgzm, PR T DA TR) B o6 B TR B R R
P AR PRI B (Nijssen et al, 2017; $)h %%, 2017).
—UERF TR W], RUTRE AT DLl i AR R R A,
emEYEFREE, SLERRBEMNEYEEEIR
=i (Richardson et al, 2002; de Sassi et al, 2012; de
Sassi & Tylianakis, 2012; Grinath, 2021). {E S H 5
R, BUTRE R DU PSR S O, B
VIR S RSCRI 254, 4] B UM 4R (Chen et al,
2010; Cease et al, 2012; Asmus et al, 2018; Roth et al,
2021). BICFEL51E R RBR AR A2, X
LEEE 2 = 2 G Rt o1 o [ N i [ L SR G D AL NS 2 €
Fimon, EMERIKER, BAYMEEER
T B (Haddad et al, 2000; Asmus et al, 2018).
Nessel 55 (2021) 31 # Fimeta 73 #TR B, &0 E & 1
S 2 AR FRAIK 17 33.8%. AR A BT AL BoR, &
VOB A 2 A8 B L £ B M (Cuevas-Reyes et al,
2011). 51, Meza-Lopez=5(2018)HF 78 K B, &I
BRI T RIE B2 R, EASX B RyihE:
B .

RUTFERT B B V& 176 F 7 00 32 2 A A R R
IR, 60 35 AS DL 0T e A B K - 1 22 S (R B
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FRELI R AISRE ) ANE) () B R R (PR B R A I
RERF) LLACHIE FE ) FE 1 SRR (B 53¢ 1) o
11 RRBERFEAT R FI3R

TS I 208 B HAN AR M e (L ST AN A A7)
AR S R, RN B R PR BV KT IR R e
NA FR(Williams & Cronin, 2004; Huberty & Denno,
2006). BEHERAS I ERAR, RCUCREXT B dURE
IR 22 3Z B 6 50 . Murphy5(2012)%f b 7 A A
FUUS IS TRD S0 B2 SRRV 25 0 IR 5 ), R B B 2
IR £ 1 T ) B LA o vt 2RI () 32 A 5
I, ZE W HORE I Our 0 IR e B R R 7 A
A A R . TR, KR UIREE 104E) /]
DL B HUFE v 110 2H R RN &5 ) 7= A B 5 2 1Y) 52 e
(Haddad et al, 2000; Asmus et al, 2018). R HFH
SR W, AN oot B ERUPRY 52 e AN B I TR) AR 3R 4
Lo . Metady By (45 SRR B, ZT Rt b b o
B AESH P HCE I AU e AR A (< 0.5 N R
T A I (3-104F ) Jiti %0 AL B (Nessel et al,
2021). BEAN, AS[E] B H T A8 R X it 80T 8] B o
FEA—F . Cuesta?s(2008) kI, M EHAMWEETT
it 3 H A5 H 5 ¥ 8 25 58 i 4
BEMAINHEEM, FEBRISMHEET
Rk .

b Tt R B AR, TR B R AR 2 A
P [R50 23 N5 . Haddad%5(2000) (¥IF 782 B,
Bt it R BE I N(S g N-m-year ' 1530 ¢
N'm >year '), B dtBEVEY M F 5 B 24T M4,
1M R H AR R . SR R B O AR I )
Wi J87 FFAS 4 2 A AR 20, A IS A e Ll =0
(Westoby, 1978; Poyry et al, 2006). & 7% F-H7{E i
(nutrient balance hypothesis)ih Ay, B HXT&YIE I
BAREMIRE TR, &I s s KA = AR
& & ¥ (Raubenheimer & Simpson, 1993) .
Raubenheimer#1Simpson (2004)#g H « J1{a] A 22 2
1 (geometric framework), #8H B H I E KR E
B Z S M. B, 9N 7% g (Oedaleus
asiaticus) fii % ik Kb & ¥ & B & (IREO) K B Y)
(Cease et al, 2012), TiHH# H(Heliothis zea)ikt £ &
FT & &= (R 2O I B ) (Perner et al, 2005). RIMEE
2Ok F AL Y B R A] R B AN [F] ) 7R R R
(Braswell et al, 2019). Zhu%5(2023a)HIFF LR H, A

1 7 Ny [ L RS S i I A £
(Euchorthippus cheui F1E. unicolor) ™44 BE A fh
e EM R R . B, RS IR R BEEX
WTH YR ERRE B MRl A A EIRES, i
SIS [F] 240 1) 4

12 BRHE

ANE) B R E A A B A S, BARAS RN
AR BRFNAR A FARRAE, DRI T R e )97 B A I
Zr. AR, BUTFE X H (Gratton &
Denno, 2003) /% #5438 H (Altfeld & Stiling, 2009)K4)
FUAEAE IE 120, 1 X553 H (Roth et al, 2021)F1H
W H (Cease et al, 2012){IWIFRhAEAE U RI FEmA . X T
VitE R, BTN H R e A 2K
KHE, Pl I e B () B ) TR EN IR AR ),
T T A 250 AN = B 7 A AT T (Pootts - et
al, 2010). Roth%5(2021)iH i 415 383 /b £ 1
AR S BT O i A B, P R O L R R
Y fE A5 BT 2R3 W O e, R AR DT K
o 3 D R R ) R 2 R . ANFRR R
T IR B O 2 e e AN (], o 8 B e (v
L REN M. i HOAE BT RE R S R, XYHEY
TP E IR B A T O RBURK, DR it 2 mT BAKT A
PRVEBE AN AP 7 A T SR I 52 (Prestidge, 1982;
Huberty & Denno, 2006; Cuesta et al, 2008; Altfeld &
Stiling, 2009).

ST BT B HLU 2 e I8 A T B U IR )
8. NEEFRFRZRESHL TR S ENRA
BYHI R & & A A % 7 (Sterner & Elser, 2003;
Gonzélez et al, 2018), BARFIFRSFHR, FHit
XTI B A A R B o IS TR B 2 252
Wi 1] B bL s e TR L T s A . N, Asmus®E
(2018) K I, EL HUBE & 52 2 F T B 1A 52 ) 32 2244 30
EACE R R B E Mo b, X TR H T
B IR B A Y E RS E AR IR . AR
TREFRR RS, HEHEMTEESHEHR AR
TEERBOR, FIHXTYERF B & NS S A
FFER . AW FURI, B IO & & Ao 1)
B A B AR ARG ), H R X B A A

B (Haddad et al, 2000).
1.3 EihAA
RUTREXT B dORE v 4 FH 2 52 30 B 3 S 7Y
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RIRENE o AN [F R R BAA A R IR A7 77 HE
VIRE T A RS DA S 5% 3 B30 % (Bowman et al, 2008;
LA, 2021), Rt —D R RO T R
TRV A F O R RDSRE AN [R) 2K 78 LA R [ 1)
T A PRI RERE LA, X ST R o B EL A 22
Fo B, G N4 N 3 B N E KV HE (Betula
nana) FrIAfe 35 B T B AR R AR (IR AR, 5 FERL
I F B (Asmus et al, 2018). RTINS T & HUR 3,
BLAAE ) LR 1038 M T i, B AR PR T A IE
A BESRAE, DR BRI AR N R R8T
ARG = R A T 7, B2 FF A b B R EE
SHCERIEYIE (Asmus et al, 2018). 171 7E HiL 70 5
AERAR P EITET T, A — Mm i S
A DA R R ) IE VPSR B N B R B 2 A )
£ (Haddad et al, 2000; Huberty & Denno, 2006). £
PR S, ZOAN I AT DA i 789 B b A ) 3 7 2 R 3
1P T 58 () Co M 5 45 (Isbell et al, 2013), XfF#
— YK B & (Spartina) R 5 (5 AR 51 L H R 40k
Ui, BRI 2 RV RE V& 4R, H ] Dl i £
AL A R B RS R R E 1 PR HE R R AR R S R
(Murphy et al, 2012). Prather:(2021)7E ]t 3¢ #i 7 &
JE I FEAE R BN I 42 2 2 U R B
A BEMARHM KRR &&=, MR
R T AR

10 N [ 2 T 1N B B L = e N iR o =
B R TF] RS A A8 (Il B R % 7K ) B 20T R 7 S 1
SRS BB R 45 A5 WallisDe Vries
HVan Swaay (2006) ] — 35 5T+ KR i1 1 5 3%
B, ERTRE A S I B S A == LRI, s
20 55 A 1) 3k PR 3 7 S e R A ) % R A 5 2R
2 AEAFESRFA N, BUTEEE A RS
R AEA) RN B RV - B — T AR W, 7R
MR IX, DT PT LA FE m A A= P i B
IEGIRFE, 5l iRl =E s B B AR =gk
M X, G R 3 T I B IR A P e T R R e
SR 2 5 B (Roth et al, 2021).

2 FUnkE

BT RE AT UK B HU AR R R A 2 B a A E A,
X1 AR R AR A K AR BB D9 1 ) A
HH(Camargo & Alonso, 2006). &UTFE 5 KETS

FLEMAYIUWINH, . NO, + NO5 25) 38 iy LAk B
dupe A AR E AR ] (Nijssen et al, 2017). ZUTFE
2 A 3 pHAE, 5 - 33 19 R Ak 248 (Throop
& Lerdau, 2004; Camargo & Alonso, 2006; [z %%,
2021). BRALZLN &M+ H . AFIMnZ: 8140
FIRFEHGIN, FEMESG SR, M B LR B AR 3
R iLFE(Roem & Berendse, 2000; Horswill et al,
2008; Tian et al, 2020). #illn, L3RR HEL R d&
RN ES TR . IR AR (Leuven & Oyen,
1987), FAAR B HL AL SR K2 e D26, i) B
IR EAT 9, B K # % (Okland, 1992).

FUTFE R B 1 B HURE Vi 1 52 1 3 SR 1 (W] 4%
YEFH (Nijssen et al, 2017). 2T R] DL i AR )
ToF Ve AR5 A AN R A2 WP B8 S A 5 ) B E ) ) B R
AV A B B M, 1 — 0 2038 B UM (R AH ELAE
B B R RS R A 2 R P AR B ()
21 BYEIR
211 1EISHEM

BT R ) M R v 22 AR AR A A R 3R A
) A B b AR 25 R 48 R 8 A7 7E (Stevens et al, 2004;
Silvertown et al, 2006). ZUTRF AT LABFAK -3 57 43 ¥%
PR, BRAFRREIIX G K FIFE 5 B
Gr, AR A7 AEASKERRIE A E] 55 5 (R E A
() E R AR AR sl E AR A bR A, /N 1) 5
P VG IARAFRI 2L KR, S EUE YRR A4
BOR AR, Sl Y 2 R IR B ok R AR,
2022). P Z FEIE KA AR 0 B BRI R AN 2
KM= A B 3 B0 (Wan et al, 2022). Haddad%5(2009)
(R Fe s SRR, HE B B ORI v B e 5=
B S MR E RPN IEA OO R TR
LA MR Ui (resource specialization hypothesis) Tl
T B 1 B L 2 REPE R R ) 2 ARV B o 1S, i
B PR B e 2 BRIk B R A 3 2 R A R T 2
(Keddy, 1984). B, ByikeFEIEY ZFEET
B oo i 5 FR L IRAE AT B B = A sl 2B )
212 HEIMENE

BT R PR M V) &R = A s A R
A DL e mm A BB DL N S
PR BT YR AR, Mg INERZEMEEE. B2
MA i (more individuals hypothesis)i\ A, 7= 7
HE R E R AT DOy R E REEEERNED
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E1
Fig. 1

R E M B B RIR R A0S HESR

BRI, HETSCRR R 2 0 T, REUR R
' EHN(Srivastava & Lawton, 1998). SRTM¥F%
L )P AR AR 2 TR R A o B B (R A7 i L
21, TESAER . M) AAE, BRI
FEE A Y9 B 2R 20 X 28 B e SR
A 7% B g (David et al, 2019). Ockinger®:(2006) &
S A o B 5 T B AR AE SRR G, FR X Fh
KEF e A7 FHEMEER T . WallisDeVriesSs
(2012)F8H, HTREIIERE T HEHF & H R
FHAERE YA = IR R BRIk, SFEUTE R R
B R A RKIBN T R TRt RRyFaEs
BYEYIM EEE ) 52 B IX AR e, RO EATTI)
BYRIF T N ¥ —(Bernaschini et al, 2020). HEIAE
DURE AT DL 5] S 4 B 5 B0 8 R AR 8 A 3t T s i)
W RE, (HELE P 2 A PR SR O SR RS 40k
= (Nijssen et al, 2017).
213 EYIRE

UL R AT DLd o P b 4 O B R ) R
[P BE . — 7 TR BT R4 ] DA B 42 s e AR R AR 1)
I AR TG R 1, 55— 75 T mT DLdE I el

BRI
i Nitrogen deposition i
BB PSR
Food resources Microhabitat
EYEY R TR IR &M
Plant biomass Plant diversity Microenvironment
TR Y WD ZREE | FEIEAEY), conditions

Increasing plant biomass [e{RAE Y et TE AR . TR R EE

Decreasing forbs, flowering plants, Forming gloomy, cold and

and plant diversity moister microenvironment

Y -—>
Plant quality
RINfEYIE S &, YRR FRaESE
WA AR Plant community structure Reproductive habitat

Improving plant nutrient o SN S i e ) 12 e, J /B

content and changing Higher and more Encroaching bare land and
stoichiometry homogeneous community structure reducing reproduction habitat

B WM EHEAEA
Interactions between insect species
T | EMMIELR, RORKENERELE
Chemical stress Altering interspecific relationship, food chain length and relationships
between different trophic level
THLES BN
Increasing inorganic
I G BHEGURAEEH  ZEAEWE WA BB
SRRSO Community Abundance ZREME Insect
Soil acidification composition and and biomass Species richness community
—> structure and biodiversity

Conceptual framework for the impact pathways of nitrogen deposition on grassland insect communities

7 R ) A VR A R B A8 R e A T KT R A R &
(Nijssen et al, 2017). & & BRI AR RIEED R E
i Efabr, BUTRE T LU EEMA SRR S &, *t
B2 I A e R A B A 7 AR AR ARG ) (Throop &
Lerdau, 2004) . % FR il 1% ¥ (nitrogen limitation
hypothesis)I\ N, VMR R A HFEEGRKER
(FEYD: 2%—4%; BH: 8%—14%), KRR LL
FI % B AL BRI, A R T B A A A
(Mattson, 1980). (HA B FEIN N, BHEXHEYE S
BHARERIRETR R, AoEA L BUd R #R21%
K& A (Zhu et al, 2019). 40, P95 JE T
ME /N %48 (Oedaleus asiaticus) 5 i 1] T £ £ K &
IREESE Y, Mo ] AV B A 2
H(Cease etal, 2012). Br T IemEME 7S &, JMNE
A& B AEARR Y Can A= P A 2
HE RS ) I &, X B HU™ AR A7 T 520 (Mattson
1980; Li et al, 2016; David et al, 2019). Z&ITFFE
Mo R AN B A AT E L (R PR AR, 2022). BAA
EHERHEVWAEARIEIGMNAZEITTEANRS
(stoichiometric homeostasis), {5 Z4E£F N 2245 i) [F] B
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2 X0 o3 A P I A TR 200 o F 5% T 2T x
AN R b it 850 R FE UL R = o A PR
HIF 55 2% B S0 00 B T s 5 b DA GBI il 2 ) 2 R £
{H X P AR o B e B U 1) 5 IS AN 4 - AL 27
THE G F I A FE R DT TR X B U & 1R 52 e Ay
WY -RAREAERREME T Hrm. 251,
G B a8 e A R ) o B X B ER A R S e B 7
FIEVRECE RSB DifEK JoE ) r s
W, 52 2 B B8 5 R0 E 2 (Persson et al,
2010).
214 tEYREESN

TP K &5 1) PT RAE R D BV (1) ~F- 35 v 2
SAH A = E 1R 57 7 1 (heterogeneity of plant height)
(Joern & Laws, 2013). TEYIHFI& 45142 520 B AL )
AR B BEIE AN AR . AR LR,
S22 AR YD T V& 25 R v] DL S B v 1Y) B A
& EFEE (Jerrentrup et al, 2014; van Klink et al,
2015) 0 PIAAN ] w1 FE R v] LU e AN 7] B B 2R
PRGOS AR B (BT BRSSPk 3 R ) 75
3R (Lawton, 1983; Treweek et al, 1997). & ZHItEHY)
T V& S5 f o n] DAGZ ph Hh SRR I S 28k, R
78 M Sy A B P % 1R R 52 4R AR AE A
(Nijssen et al, 2017). ArandaflGraciolli (2015)7EE
V8 R A R R R R U R B, R R VR S5 A IR Eh T
JEH B BRI AR A . LE T AR G AL I () B TR
B, FEW R A S M R R R S R ) ]
F(Zhu et al, 2012). —fKIfi =, mAKHERIEY
FEE SR AT LA B SR sE 2 i AR . BRI RT
Foe m DL a3 A ARL D e B S IO 1 0o B R 7 AR
Ui AR
22 WHEE
221 WEIMEFEH

B A /NS TR B)), 7R AR T A fv
AT IR, DRl B HON A R R . W O
W& A4k 44 U (Jerrentrup et al, 2014). RIS
IR B A R HE M ERRE . &
BAAIAEAE (Nijssen et al, 2017). ZITRE AT LLIS INAEA
g, FEUMERYSCE B RE R, ks
TR HR G LA R () 2 S AERE, TERCE MBIV
T EEAEE, XT B H = A AR 52 (Klop et al, 2015,
Nijssen et al, 2017) . fEfif 2% [ 2 & Hb (chalk

grasslands) (B 784 B, 00T B 3000000 A i Rk 2
KB ZE AR 7 MO SEE R, WH U]
(Temnothorax albipennis) ] % 5ig A1 Ff # % & (van
Noordwijk et al, 2012). 7EHFKEREEMRMAIFZLT,
%54 E 1 (Gynaephora alpherakjj) /™ A 14 g & 3%
B&(Yang et al, 2017) . T 030 B2 A2 Ak 23 520 B L
SR LR K o~ A7, ke g sl ) B i AR
REHERCHE RN, 2008). FITn, BARAIFREIAGT
TR 458/ 52 B i A 7K T (Hermetia illucens) (1 AL,
R AP, FFEKH R B I A] (Holmes et al,
2012). B HUR B BAT AN B A 52 B I 2R O
SR SR KR ZU S (Shi et al, 2017). 5
OB RREK AR LG, KOBRETT DU 2 5 S e s S
(Frankliniella occidentalis) ¥ 5 & 17 4 Al 77 bp £ &
(Whittaker & Kirk, 2004). Ak, BT FEHMIA
B2 S5 AT B AN 22 %) B AR BRIV e A B R
Wi, 9 23l i 25 AR ) iR R A X B A T
YEF, BT X 43 SR 55828 A 0T B2 Eh 1) 2 R [ 42
TER MANTERE
222 HIEHEER

BUTFE MR 2 fm B R ) Bl AR B . R UTRE
Sl R D A ) B G I KA ) BN, A AR A
BRIl B, n] DO T 1RO e R ik A 5 R U
FHHORE . KB, ZTHC 7 90 FI A A2 7= A 25
M (de Sassi et al, 2012; Streitberger et al, 2014). 2T
ol R EHE AR RPN RIRZ RRBET
R ) 3 B JE Kl (Nijssen et al, 2017; Sanchez-Bayo &
Wyckhuys, 2019),
23 RHFEMREEER

L OB VR A7 1E 2 Fow X 18] AH BLAE H (a0 58
G HEANE ). A EAEH T UK AEEM RS TR
P ApE], WARFE T AN RS FRH P FhE, a0k
3 i (cascade effect). FHBFE GEEZNEFRK, —
ANE TR PN A 20 HANE RS B EA T
P2 A 4R B2 (Schmitz, 2010; van Klink et al,
2015; AEAE, 2017). BUTFERT LASZM[R]— & IR )
WIRPIRR ARG R, (HBFFT 22091 2 R B A A
P P 5t TR R R (B TR B, RO L
HYIRITES LR (Ma et al, 2022), 1T BTN
AR 77 9% Bt i) 18] 56 4 B0 CH 2 5C &R KB 9T L
BN, BUUEM BRZEREEHA T+ oEZ
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H1

RER%

High trophic level

Resource
specialization
hypothesis

ARG
Nitrogen
limitation
hypothesis

H2

HI AR
Nutrient balance
hypothesis

HEH B

Herbivores

REFR%

Low trophic level

H4 EEAMAARBE

More individuals
hypothesis

REfRUL
Enemies
hypothesis

‘.‘Diversity Quahty Quantity &

i-t7]
Plants

E2 EYATAREFRRRAEXRNSHERRL

FRL BRI E&%‘g#ﬁmﬁ%£#ﬁ%iﬁbﬂﬁﬁﬁm MRELSHMEERES

PRSI S 1 (Keddy, 1984)
Herbivore diversity increases with increasing plant diversity, and predator
diversity increases with increasing herbivore diversity (Keddy, 1984)

HYMERNA S BEAMRKESR, AREHYNASEEF TR
MRS KR LUK %A (Mattson, 1980)

Nitrogen content of plant is quite different from that of insects, therefore
increasing the nitrogen concentration of plants is beneficial to the survival,
development, and reproduction of insects (Mattson, 1980)

B EY i B AR R E B SRR, A B TRl R BOd RAR RAR
[ H3& & & (Raubenheimer & Simpson, 1993, 2004)

Insects have specific nutritional requirements for plant quality, and
excessively high or low plant nutrition levels can reduce insect fitness
(Raubenheimer & Simpson, 1993, 2004)

A ) SR AR R AT U R R AU £ 2 R B, BRI
FE LR E S Kk (Srivastava & Lawton, 1998)

Higher plant productivity provides a greater quantlty of food resources
for insect herbivores, thereby supporting more herbivores natural enemies
(Srivastava & Lawton, 1998)

E‘sﬁﬂﬁgwE%ﬁﬂﬁﬁfﬁﬁﬁﬁg#ﬁ_fuiﬂﬁﬁﬂﬁ%ﬁ%ﬁﬂ%ﬁﬁ%‘
Z 4 (Russell, 1989)

ngh trophic-level predators within insect communities can suppress the

abundance and diversity of low trophic-level herbivores (Russell, 1989)

Fig. 2 Five hypotheses regarding how plants regulate the relationships among insects at different trophic levels

(Nijssen et al, 2017). AR¥EE BT B, BUTFEW] AeiE
i B8 0 B N B S A A E TR OK X B AN [R]
BT AEIE RN, WINEYEEKE, 5—J7,
BUTRF 2 5177 A B kD (R e TFAE )
FRE), PR 2 FEE RIS S5 0 S o i, X R
HOAN[RVE R A AR T e, B R I O AR B AN
DB URIE B PRI R B, AT 4 R
% (Nijssen et al, 2017). i, ZAs i BECEF 3
£ 42 B (Mecinus pascuorum) i, &35 i
1 7 %74 1% (Mesopolobus incultus) i) %k & (Hancock
etal, 2013),

TR AT DO B H B X = AR i B 2 1
Moo ZeIRAN AT LA EAT1E F (bottom-up effect),
B3 o 3 O R A R e B R E IR R
i, el LLRIA N7 1E H (top-down effect), HI
LR IR 2 R KR B T DA A B I PR R AL
B (RHBUER U, Russell, 1989). — Bl A H &4 M
HAE IR BN _EATAE FH & L% (Scherber et al, 2010,
Wmmmgmmoﬁﬁ%ﬂuﬁﬁﬁﬁﬁ%%ﬁﬁ
(TR L EM D). MY EGE R 7T
&@ﬁ)%%i%i@zA%ﬁmemEWH
B IR A A A AR (K2). N, Zhu%(2023b)

M FLR I, B EE TR AN F AL 52 0m:
T B 6 LA ot AR A T O BURR, R A £ A
Y2 R AR B BUR, oS B e Y AR
AU TS AT AR T 58 2 B R H A
. BEISRDIEE 5T FATERM TR A
FHh B AR I S AR o R () AR R AT AR 2 — Tl
S E PR . &R 75 2T &YW 1) 7 ¥ (food-web
approaches) R 7t B U b A BLAE G R o

ZE b RTIR, i T R L O I 5
CAR T — & MR A U SE GRS, (B AFTE
ZAE. H—, SNEEA AT LA R R SO R TR
AN @M (CRER & R A= BER LR
PR, RTE S — A BV AR ME 43 B A )
HETEAS [F] R P B BT () R o R SR IR 70 8 78
5375 RS B R R PR T R A [R) ) Fh B T e AT L
HETE R, DLE SR . Y DL A
TR B B O R B A VE R, AR TR
R  R RETE B L . 38—, K2t
n%&?ﬁmhﬁﬁ%%ﬁwﬂm%m (EGSSRe
ViR EE BRI A . FESRHLERRE

/r/\‘ —_
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VIR 0 S AR HL IS 1 55 . £ AR IA R R,
B 28 FR O BAR U AR A% B B L8 AR
IR, JCHE YN ERS R R TE, w%5
R T R B A ) 2 B IR R IR R . B =
U AT DAL Gk AR A 398 A 1 OGS AR 3 AR
(1) B SRR = A e, SR T 2600 T - 438 B U
Wi (R BIF 58 L/ W, o 48 B T S5 4R 22 4 R AR A Ak
BAXR, EEFESREFR I NGEERSNTT
H 2 E AR o A SR B i i S50 ot 338 B e DL
S £ V0 R ) s e KR AL AR AT . S0, T
Re R 7 A Re EARH . AR BT, K
& — R B I H o] DUA R8s AR A BT
X A R VR A R S ), ) T A 5 R U AL AL A
AAHEEEWE S, BT MR et 58 07 %
(trait-based approaches)7Eid & JLFE K R MGE . (HK
T BT I anAe] 52 e B2 HR T e MR AN IS 2, R
SR R N 58 B2 L OB T e PR (R B R /N S )
R S )R BT R I B R AT . B L, RSRIHE AT
N 5 22 2% R8T I A A 28R DA R B R % ) RUBE
AR FH 8URE o ER] R 80T R X6 B HR PR 5 M A7 A 9 i RK
I, JG S e TR G B )R 0T ) e R AT
AE T B 5 K 1 I TR) A BE ST IR o ) A48, 0T R 4 Ak
2 A T A BN R Y, M DL e ST PR X
B OBV B 52 ok B R B EE S N B LIS #2 1)
g BLb 2 B AR R PR Rk AR R R . BN, A
TR FoAth 4 BRAZ AL PR 7 (UNCOLIK FE iy 153
FE KB ENVFIE T A BAEH . B, &k
KA COLM FE 3G 5 (1 0 [ 4F FH mp DU R 47 7 A=
B 11 2 875 4 7K P (70 B 385 220 225 TR 2 AR 1t 47 A
R FE IR AR D), Mo AR & P B AR AR R
SZIA o ST I AR G 5L 9 A2 B AR AT R 2 okt B L
KRE#RE, FHEAMBERENRK. KA KTE
BLURA 75 18 2 Fh 4 3RS A0 IR -0 B Hb B2 BV 1Y
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Appendix 1  Effects of nitrogen deposition on grassland insect community and influence factors

EHAY it U 8] it SRR U R Wi [ 4 S A FH 7 17 S5 3CHR
Grassland types Nitrogen application time Nitrogen application intensity Insect groups Response and effect direction References
T ) 4/~ H 4 months 0,10,17.5g N m2 year?! H#H () ZPE D T RE R Zhu et al, 2019
Meadow steppe TR % (NHaNOs) Orthoptera (grasshopper) Decrease in abundance and performance
14 1year 0,13.3g N m2 year? M H (B E ) Z b Hancock et al, 2013
HHLAE Organic fertilizer Coleoptera (weevil) Decrease in abundance
2 £ 2 years 0, 10, 30, 60, 90, 120 g N - a3 H () Z ERm Prestidge, 1982
m2 year?! Hemiptera (leafhopper) Increase in abundance
TR 5% (NHaNO3)
26 4F 26 years 0,2.5gN m?year? JEH H (RE %) % b Villa-Galaviz et al,
NPK 5 & JIEi(Synthetic Hymenoptera (bumblebee) Decrease in abundance 2021
fertilizer)
17 [ 3/~ 3 months 0, 100, 200 g N m2 year FEH B (L) % By /b Williams & Cronin,

Typical steppe

4 4~H 4 months

14 1year

14 1vyear

il B2 % (NHaNO3)

0, 10 g N m2 year?
JRZ Urea

0,59 N m? year?!

Tt 2 4% (NHaNOs)
0,17.5 g N m2 year?!
Tl 2% (NHaNO3)

Hymenoptera (gall wasp)

H#H ()
Orthoptera (grasshopper)
i H (B )
Lepidoptera (caterpillar)
4 B (i 1)
Hemiptera (aphid)

H H (B2
Lepidoptera (caterpillar)
L H (M2 R)
Orthoptera (grasshopper)

Decrease in abundance

EZL 2|

Increase in abundance

ZRE. AYEEm

Increase in abundance and biomass

ZERD . R IR(EAR, KR, KR)
Decrease in abundance and performance (survival

rate, growth rate, body size)

2004

Prather et al, 2021

de Sassi et al, 2012a

Cease et al, 2012
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Grassland types Nitrogen application time Nitrogen application intensity Insect groups Response and effect direction References
2 4 2 years 0,10 g N m2 year! B E (42 h) Z R Loaiza et al, 2011

Tl B i
Desert steppe

e B
Shrub grassland

4 4~H 4 months

14 1year

14 £ 14 years

2 4F 2 years

9 4 9 years

9 4 9 years

9 £ 9 years

B2 % (NHaNO3)

0,3, 6,10, 16, 28,50, 80 g
N m2 year!
142 (NHaNO3)

0,5.6 g N m2 year?!
Tt 2 4% (NHaNOs)

0,1,2,34,54,95,17,27.2¢g
N m2 year?

JRZ Urea

0,7.5gN m? year?!

Tl B2 % (NHaNO3)
0,1,2,5,56gN m?year!
TR 5 (NH4aNO3)

0, 10 g N m2 year?
il f2 % (NHaNO3)

0,0.5g N m? year?
Tt 2 %% (NHaNOs)

Orthoptera (grasshopper)
SRR (i dF )
Hemiptera (mirid bug leafhopper
aphid)

i H (B W)
Lepidoptera (caterpillar)
3 H (i)

Hemiptera (true bug)
B H ()
Coleoptera (leaf beetle)
&M E B Herbivores
& B Detritivores

MR B Parasitoids
it B4 Predators

4l H

Hemiptera

HHIR H ()
Coleoptera (leaf beetle)

FEEE )
Hemiptera (true bug planthopper)

SERHH (F R B )
Hemiptera (aphid mealybug tree
hopper)

Increase in abundance

Z I

Increase in abundance

EZi b

Increase in abundance

EZi b

Increase in abundance

ZEW . FEE D
Decrease in abundance and richness
e2 2 INE S fis
Increase in abundance and richness

EFLEI

Increase in abundance

LI

Increase in abundance

EZER

Increase in abundance

Strauss, 1987

Cuesta et al, 2008

Haddad et al, 2000

Hartley et al, 2003

Taboada et al, 2016

Richardson et al,
2002

Grinath, 2021
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Grassland types Nitrogen application time Nitrogen application intensity Insect groups Response and effect direction References
[EIIES: 14E 1 year 0,59 N m2 year? JEH H (a7 AR ) Z R de Sassi et al, 2012b

Alpine grassland

B2 % (NHaNO3)

Hymenoptera (parasitic wasp)

Increase in abundance

2 £ 2 years 0,59 N m2 year?! fig 9 H (& ) AN de Sassi &
THERE5 4 Calcium Ammonium  Lepidoptera (caterpillar) Increase in biomass Tylianakis, 2012
Nitrate
R FE L) 14 1year 0,2.8g N m?yeart %39 H (B H) Z WD HRERRCE KR FiHE %) Yang et al, 2017
Alpine meadow TH R4 (NH4NO3) Lepidoptera (caterpillar) Decrease in abundance and performance (growth,
and development rate)
8 4F 8 years 0,0.375,15,75¢g %58 B (& H) EZER il Song et al, 2018
N m2 year? Lepidoptera (caterpillar) Increase in abundance
TR %% (NHaNO3)
8 4 8 years 0,25,5,10 g N m2 year? i H (& ) Z ERm Jai R i 4, 2022
JK# Urea Lepidoptera (caterpillar) Increase in abundance
HIH 24 4F 0,10 g N m? year? ESZIEI @) Z L Asmus et al, 2018
Tundra TH B (NHaNO3) Hemiptera (planthopper) Decrease in abundance
AR 3/H 3 months 0,10, 30,60 g N m2 year?! M H (KAL) ZEWIN. HRERE SR, MR KE#ZE)  Huberty & Denno,
Salt marsh THERE (NHaNO3) Hemiptera (planthopper) Increase in abundance and performance (survival 2006
rate, body size, growth rate)
14 1year 0,44.5gN m2 year? P H (I HIE) EZL R Gratton & Denno,
TH R £ (NH4NO3) Hemiptera (planthopper mirid bug) Increase in abundance 2003
SR
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