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Response of C, N and P release dynamics of plant litter to grazing and enclosure

management in semiarid grassland ecosystem
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Abstract: In semi-arid grassland, plant litter decomposition and its interaction with litter arthropods under grazing and
enclosure management play implications on material cycling and ecological restoration process. The litter from Leymus
secalinus , Lespedeza potaninii, and their mixture were selected as samples, and they were set in situ in Ningxia semi-arid
grasslands under enclosure and grazing management. This study probed into the distribution of litter arthropod and its

relation to the release of C, N and P contents by using two sizes (30-mesh and 250-mesh) litterbag to quantify the role of
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small and medium litter arthropod collected in September of 2017, May and September of 2018, as well as May and
September of 2019. The results showed that: (1) In the enclosed grassland, there was no significant difference in the final
remaining rate of litter C in between L. potaninii, L. secalinus, and mixture; however, there was significantly greater final
remaining rate of litter N and P in the 250-mesh, and that of litter N in the 30-mesh in L. potaninii than in L. secalinus and
mixture ; there was significantly greater final remaining rate of litter P in L. potanini and mixture than in L. secalinus. In the
grazed grassland, there was significantly greater final remaining rate of litter C and P in the 250-mesh, and that of litter N
and P in the 30-mesh in L. potaninii than in mixture, with intermediate values in L. secalinus. Regarding the final remaining
rate of N, there were significantly higher values in L. potaninii than in L. secalinus and mixture, whereas there was no
significant difference between L. secalinus and mixture. (2) There was little effect of litter arthropods on the final remaining
rate of C, N and P in the three plant treatments. However, there was significantly lower final remaining rate of N in mixture
from both 30- and 250 mesh in grazed grassland than in enclosed grassland. There was significantly higher remaining rate of
P in L. secalinus in grazed grassland than in enclosed grassland. (3) The Mantel test and principal components analysis
indicated a considerable effect of litter arthropods and soil physicochemical properties on the decomposition of litter C, N
and P content. It was suggested that litter C, N and P contents were affected by soil properties and plant chemical properties
in semi-arid grassland. The effect of grazing management on litter arthropod distribution induced the differences in C, N and
P nutrient release between various species of plant litter. The grazing disturbance could weaken the linkage between litter
decomposition, arthropod and soil, while in feedback grazing could promote the litter decomposition of N and P content in

mixture.

Key Words: grazing management; desert steppe; litter arthropod ; nutrient release
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281.7 mm,7—9 H F#KE b BFK R 60% , AFILPRAEHL 2136 mm, AFIAEZE AL 1120 mm, 20 7l P 4
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R FERL BPRLI RPN B E R S TR M T 3 pH  F SRR D R IRk S R RN B E R
FUR T e (P<0.05)

F1 FEXEBEYHZYVERVBESE
Table 1 The initial quality of different types of plant litter

W& & Initial content

Yyl

Species ik 2 P KIH S

Total carbon/% Total nitrogen/% Total phosphorus/% Lignin/% Cellulose/ %
B L. secalinus 46.29+0.53a 2.00+0.05a 0.30+0.04a 8.56+0.21c 8.56+0.21¢
1T L. potaninii 45.50x1.15a 1.2720.05¢ 0.13£0.01b 19.30+0.58a 19.30+1.43a
RAY Mixture 47.40+0.33a 1.76+0.03b 0.24+0.03a 13.10+0.35b 13.10+0.86b

AR ING TR IR AN R T A 7 W 2 ) 22 57 3 (P<0.05) 5 P TP Bl P g (L e A 132

K2 HEWMHHEBEEWET TRELER

Table 2 The physiochemical properties of soil under litter bags in enclosure and grazing grassland

[A & Factors $£}H Enclosure 4% Grazing || % Factors #H Enclosure 4% Grazing
TR ¥ Temperature/C 16.67£0.35b  17.35+0.45a || +3E4Hk Total carbon/% 1.01+0.10a 0.41+0.04b
1S K& Moisture/ % 5.42+0.69a 2.61+0.50b || +3EFHKE Clay/% 40.43+3.76a 25.01x1.71b
+3% pH 8.09+0.04b 8.21+0.06a | HHEHHL Silv/ % 42.39+1.29h 53.15£2.20a
iﬁi%ﬁmimy/( bs/em) 129.83+1.46b  141.95+8.81a || +IERPHE Sand/ % 17.18+3.32b 21.85+2.89a
+ 4425 Total nitrogen/% 0.06+0.01a 0.03+0.01b

ANl INE SRR AN R Tl A 7 ) 22 11 22 57 .3 (P<0.05) 5 [ P B AP (B e A e

3.2 BH AU ARG TE ) I S R VE A R S A

R 3 AT AR RIASE TR RIF YA P SIS B B3 25 5 3 R b BRI A TR 1 3R I
BRI RS SR A TR, HEE RN AR A 14 2R, U SR R L
FRERHG A JSBE 00 5.6 A1 3 2 PRS0 5 g R iR o R R RE, DL R B
PR IRBS IR R A 17 A2, P RS h WL AR A JSRE A 3k 3,10 F1 4 28 DR ISHE NI
PP P I Y06 T R TR R | LA R M S R TR S A VR W i 17 2R O RS LR
FRG A ZERES IR 3,12 A2 28 ARSI e Y il AR R, DL RO Bk 1 R R

HUBCERET AR AYE D o 12 A2 O AR 3AERE i ISR 240 iy 3 4 0 5 28 L3
FERE B P 1% T i H 6 S RN ) | DA R B M i SR R 5 o A 1 NSRS LAY e Lk
FERNFRAT ZEBE 00 2.6 Il 3 28 A 3 i 1 Ik i) o I HE g AU T I B, TR A VR A 10 - 2R38¢
Hrh LA B WS A ZERE 200 3.3 F1 4 28 PUASERE N B VA 3 i TP 5 J Azl Rl | LA S
B B R R
3.3 BT AL MRS B B TR M TP A TS ) 3R 00 T R S AR

WS Z R T 225001 (3R 4) , B F FCHCA: 56 s B b AR B ST R R B 8 (Fy = 6.212,P=0.037; F, =
10.612,P=0.012) DL AF A TR V& W BT R AR B R (F, = 5.582, P =0.041) RGP AT R 5k B %
(F\y=24.178,P<0.001) j= A4 B350, 3 s O 2R B FAiVE P R ikoc R AR B R (Fy =13.651, P =0.006)
PR S R - B W A AR B AL 3 28 BLAE RO A R TR VR R RN R T R AR R R (F = 13.547 ,P=
0.006; F=5.605,P=0.045) = i 500

HE AR A T SIS SRR PRk TR B R R AN (L 1) o (B PR AL AR R Y
TRA AP R T 5R BRI R B H W 5 TR b i R T AR B R RO B E S T E
e, HAT/NYHIESY S 508 BT R R R A TR T R R R RO B E S THE
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R3 HHEANHTERETARMEEY LET RS

Table 3 Individual of litter arthropod of different species litter under grazing and enclosure management

Wy JHHL Grazing HE Enclosure
Species i i B HEY L LI HEY
L. potaninii L. secalinus Mixture L. potaninii L. secalinus Mixture
T FF R Scutovertex 134(50.57) 206(47.25) 235(58.57) 80(19.95) 120(25.97) 95(24.61)
BREEIEEL Tydeidae 36(13.58) 28(6.42) 74(18.50) 92(22.94) 62(13.42) 27(6.99)
J# 5 5Bl Teneriffidae 6(2.26) 19(4.36) 10(2.50) 30(7.48) 29(6.28) 21(5.44)
PIEEiR} Cheyletidae 20(7.55) 41(9.40) 10(2.50) 23(5.74) 37(8.01) 50(12.95)
[ 5B Macrochelidae 8(1.83) 5(1.25) 21(4.55) 28(7.25)
R} Pygmephoridae 53(20.00) 117(26.83) 62(15.50) 53(13.22) 79(17.10) 49(12.69)
%Rl Cryptognathidea 7(1.61) 5(1.25) 5(1.25) 9(1.95) 16(4.15)
W35 R Bdellidae 2(0.46) 1(0.25) 5(1.25) 5(1.08) 11(2.85)
JE 75 5B} Pachylaelapidae 2(0.75) 1(0.25) 1(0.25) 4(1.04)
S5} Trombidiidae 5(1.89) 6(1.38) 47(11.72) 31(6.71) 25(6.48)
[ Bk} Sminthuridae 1(0.26)
Bk R} Poduridae 2(0.43) 4(1.04)
JHER} Onychiuridae 1(0.25) 50(12.47) 36(7.79) 38(9.84)
ERF LR Hypogastruridae 2(0.75) 1(0.23) 6(1.50) 11(2.38) 7(1.81)
AT PR Isotomidae 3(0.75) 9(1.95) 5(1.30)
1R} Lepidopsocidae 2(0.43)
I WRAL Philodromidae 3(0.65)
WA H 4 #L Diptera larve 1(0.38) 1(0.26)
13 H 4l 1L Hemiptera larve 2(0.75)
13 H %1 1, Lepidoptera larve 1(0.38) 1(0.25) 1(0.22)
#5385 41 1 Cpleoptera larve 3(1.13) 1(0.23) 1(0.25) 5(1.09) 4(1.04)

TEE T REM BR A E TR B A TS stk R (P, ) N 3 PG TE W IRI B0 35 25 5 (% 5) BT
FRECEY P, RT3 = TR AR A AR, 05 P R R 25 5 (P<0.05) T 7E JBUBORE
H BT R BRI P, IR 3 A E P (R ATE 8 3 25 5% (P>0.05) s AT R BRI P, IR 5 i 251K
TR FAIRAHIEY), 5 W& [ T 3 2253 (P<0.05) ; M# o Z B ) P, 2 B A48 7 8 38 i Tt
EANRA R, 05 P ) JC B 2 25 5 (P<0.05) . 3 AT A Al v 4 v, ot A 7 A v 2O 3 RS AR 1Y
P, IR EE W R TR (P<0.05) 11 284 F AR A A 15 9 TP B e BRI P, 8936 0 R 44
FHETHE (P<0.05),

R4 £ TEFUEEYR GBI EREEENNEEEZFEST
Table 4 Multivariate ANOVA testing the effects of habitat ( H) , mesh (M) and their interaction (HxM) on litter C, N and P remaining rate

Wb iSES C N p

Species Factors F P F P F P

WU L. secalinus H 5.214 0.052 6.212 0.037 10.612 0.012
M 0.016 0.904 0.259 0.625 0.143 0.715
HxM 3.503 0.098 2.028 0.192 1.577 0.245

4K F L. potaninii H 2.484 0.154 0.472 0.511 5.852 0.041
M 13.651 0.006 0.286 0.607 0.692 0.430
HxM 13.547 0.006 5.605 0.045 1.708 0.228

IRAY Mixture H 1.106 0.324 24.178 <0.001 0.200 0.667
M 0.840 0.386 2.531 0.150 0.066 0.803
HxM 0.191 0.673 0.047 0.834 0.256 0.627

H.4:35% Habitat ;M P fL Mesh; HXM ;4355 x [} fL. HabitatxMesh
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Fig.1 C, N and P remaining rate of plant litter from different mesh-size litterbags in grasslands under grazing and enclosure management

RN ING FRER IR AN R A S AN R LA 7 0 2 i) 22 S S 35 ( P<0.05)

£S5 HHMHEERET 3 MAEEY D LEDYEER BB TEERHORRKE

Table 5 Contribution rate of litter arthropods to C, N and P release of plant litter under grazing and enclosure managements

Indicators ss loss rate, Contributions of litter arthropod
30 A 30 mesh 250 H 250 mesh Py
C L Grazing
W L. secalinus 74.25+2.42 74.25£2.06 1.44+1.96a
RAY Mixture 79.42+1.53 78.07£2.36 1.55+4.49a
8 F L. potaninii 74.75+2.57 68.79+1.20 7.87+3.77a
7 Enclosure
W L. secalinus 79.38+2.56 76.14+2.47 4.08+2.90a
TRE Y Mixture 77.69+0.96 76.59+0.20 1.38+1.47a
K F L. potaninii 75.38+2.56 73.82+1.62 1.82+4.14a
N AR Grazing
W L. secalinus 64.26+3.25 68.39+2.82 -6.72+1.57b
RAY Mixture 75.45+1.80 72.13£1.76 4.23+3.18a
HAF L. potaninii 51.58+3.99 48.83+4.78 5.58+2.13a
#HE Enclosure
WA L. secalinus 73.27+2.84 69.36+2.75 5.28+2.13a
RAY Mixture 67.47+1.44 66.16+0.49 1.85+3.21a
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. Fﬁéf})ﬁ%?lﬁﬁi?ﬁ/% igzj]%.jjfﬁk};/%
Indicators inal mass loss rate/% Contributions of litter arthropod
30 A 30 mesh 250 H 250 mesh Py
4 F L. potaninii 53.93+3.12 50.94+0.63 5.04+2.30a
p A Grazing
W L. secalinus 76.93+1.12 73.25£6.34 4.54+2.40b
RAY Mixture 82.73+3.88 78.65+3.69 4.89+1.42b
H4F L. potaninii 62.59+4.35 56.11+2.87 9.78+2.09ab
HHE Enclosure
W L. secalinus 84.16+3.50 86.73+1.79 -3.59+2.57¢
A Mixture 77.73+3.90 79.08+2.83 -2.64+1.09¢
4K T L. potaninii 72.83+3.58 63.34+5.30 12.08+2.24a

ANFING FEER RS F A v ) 2 0] 22 5 8 (P<0.05)

3.4 BT YR B B E R BCRORE b P A VR ) T R S S AR E

Wit Z R R0 (R 6) , MiTE PR SRS A W FL R AP A 95 9 RO (Fy, = 18.395,P<0.001 5 F,q) =
24.181,P<0.001) DL KW T E BT & (Foy=4.267,P=0.04; F,, = 15.353,P<0.001 ) (52024 B2 & F M
AR BE XA 15 5 A V& T B TC K (F =5.157,P=0.031;F, =4.404, P=0.048) 50 B 3
B R B SR TE YRR S 0 28 HAE A TN - S Y S S A TE D R OT R FAURUE Y 2 5 AT
YR C R (50 .3 (F =3.540,P=0.042;F .= 1.670,P=0.020) ,

ARV F AL PR B 7 R AE B T ik RRBE T R AR B R R E 2 R (K 2)  HEFEH T AU
WS SR R B TR iR R RN R W S TR AR AW, 5 W& A 3 22 7 (P<0.05)
TN IS Y S S A TS AT R R R RN AR B S TR AR A Y, e W LR E XS
(P<0.05) , BETCR I B AR BN AR BT FINR & W) 0 3 e TR 5 00 i 7 () G f 35 22 57 (P<0.05) o AR b
AU IS 5 R Y Rt T R iR B R R U AR W S TR AW, s & v (P<0.05) ; AT
R AR R AR T W3 = TR EY, J5 W& 08 2 5 (P<0.05) . Tiif/NE 382 51
M P& P /A TT K 5k B R R IO AR 2 S TR A, M =5 v (P<0.05) .

F6 LR PHNEEDR ENBTERBEZNNEERTESN
Table 6 Multivariate ANOVA testing the effects of habitat ( H) , species (S) and their interaction ( HxS) on litter C, N and P remaining rate

L % C N P

Mesh Factors F P F P F P

30 H H 0.259 0.620 1.142 0.992 1.347 0.268

30 mesh S 1.174 0.342 18.395 <0.001 4.267 0.040
HxS 2.517 0.122 3.54 0.042 1.387 0.287

250 H H 5.157 0.031 2.315 0.989 4.404 0.048

250 mesh S 5.476 0.168 24.181 <0.001 15.353 <0.001
HxS 1.670 0.020 1.825 0.203 1.261 0.318

H .58 Habitat;S: ¥)Fh Species; HXS: A= 5ExPFf HabitatxSpecies

3.5 KivEWIIR RS RIS A MRS R S AR

i Mantel #2530 BL(1E] 3) , B REML AR AP0 OCZBECR 5 0 pH LS R AL IS Wy AT
TESRASENE , 5 e o i DL s 4 5 BEA7 A S5 A DG s A 7 W) ROC R B i {5 pH A7 A
SEARSCE , 5 e SR AE S A OCHE A R IR C R R S pH | IR S AT AR SR A DG, 5 I S
WL LR R RRLLL RO RLAE AR S AR S . OBORE L, Rl Mo C SRR 5 0 pH SR E DL K
5 Shannon—Wiener $5 KA AESRAHSCNE | 15 1 3B 4= o BEAF AR S5 HH O E s T MG 7% ) RO R B it 5 pH
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Fig.2 C, N and P remaining rate of plant litter under grazing and enclosure management

AN NG FREFR R R W R A 7 ) 2 [ 22 57 .35 ( P<0.05)

oK DA - SRR AR SR AR DG s AR IR L R B 5 pH | 0L LR B B AR AR R AR G

T 3 5 B RN A 0 3R o R IR S 2 MR DL K - A A N Y 14 AR AT
PCA 74T, JF5IBR T ASV<0.05 I4E R, Il 4 &3, MiT Priksk B it 5 1380 Shannon—wiener 15451 5 Hf
BT AR S5 pH R Bk LU P RLTE PCL otk £ (54.3%) . PC2 VK YIRIEE w5 T4
WS S K B R STk B 2 (25.0%) . B EAEHLEY PC1 AT PC2 1553 34 W35 & T U HOR:
( Wilcoxon ARG, P<0.001) ,

4 itig

4.1 FET LA AR 00 CHORN S5 7 4 B AL 7 Wtk | RURN 9 28 R BT 5 T

BT AR WL i AR AL BT FEAL 7 WD B RO 5 IS I S 2, T LA R b /N e sh Wy A o
TRXABREPTHESER . AR, LSRR IR T R LR BRI BN (£ 3) £
FAITE S X S S 0 A P 1 vh o0 3R 0 R 2RO X — 5 VR AT BIR o5 9t DX P R R A
6] [ IR I ZE S R I A 25 R e P A AL B — 7 1) L M S 4 2 B P XA 9 4 T8 3R R 1 A S
RO 20 BRI 5 YIBURE I A T 17T 2B CRAE ALRFIE R L3 ) ZREHE 53 A ¥ Mantel £655F1 PCA
IR B 3518 4) ATk R BT KBS LIRS Y o A AR WA OG . AR IEFE R W], LIS YY)
E B T YA TS TR A R ) R 1) Rk R S (e PP 06 ) A5 ) T DUBCET A VR ) B e T
RIRERC T 3 2) Wit ] LASE A 52 2% ) M G0 D0 I 4 2 e - S 3 0 5 R 0 4 A, 0 T 2 5 TR A
VEVICRBGSRE ™  LRAARRITEAE SRR 2 T R R A A5 R G b M S W A TR P e R 9
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Fig.3 The mantel test with the litter arthropods diversity and environment factors under enclosure and grazing management
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Fig.4 Principal components analysis of litter nutrient release with environment factors under grazing and enclosure management
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