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Effects of the alterations in soil micro-environment with increasing stand age of
Robinia pseudocacia plantation on the litter decomposition in the Loess Hilly
Region
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Abstract: The microenvironment of litter affects its decomposition to a great extent. However, how the microenvironment
alters in Robinia pseudocacia plantations with increasing stand age, which are widely distributed in the Loess Plateau, and
how these alterations affect litter decomposition in plantations remain unclear. To answer these issues, the typical
recalcitrant and labile litters of Pinus tabuliformis (Pt) and Trifolium repens (Tr) were chosen for this study. The tested

litters were fixed on the floor of R. pseudocacia plantations with stand ages of 10, 20, 33 and 43 years for 592-day
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decomposition. The tendency of alterations in litter decomposition and nutrients release, and soil physical (temperature and
moisture ) , chemical ( content of available N and P, and pH) and biological properties ( community composition and
structure of fungi and bacteria, and enzymatic activities) at given decomposition stages with the increasing stand age were
detected. The relations between litter decomposition rates and soil micro-environmental properties were analyzed. The results
indicated that; (1) Pt litter exhibited decrease-increase decomposition rates with the increasing stand age, its C release
rate at all stages of decomposition exhibited decrease-increase with the increasing stand age as well, while its N and P
release rates only exhibited the same pattern at the late decomposition stage. Tr litter exhibited the increasing decomposition
rates with increasing stand age ( P<0.05) , while its C, N and P release rate at all stages of decomposition the same pattern
as well. (2) Generally, the surface temperature of soil in plantations exhibited a decrease-increased tendency. The soil
moisture, available P content and pH decreased with the increasing stand age, while the available N content exhibited an
opposite trend (P<0.05). (3) The increase in stand age significantly altered the soil fungal and bacterial community
structure, especially, it caused significant successions of fungal genus. Comprehensively considering the activity of nine
litter-decomposition associated enzymes, both the total enzymatic activity and lignocellulases activity exhibited a decrease-
increase trend in the 108" day of litter decomposition, while they significantly increased with increasing stand age in the
389" and 592" days (P<0.05). (4) The decomposition rate of Pt litter was positively related with soil total enzymatic
activity, fungal community structure and ammonium N content, while that of Tr was positively related with soil total
enzymatic activity and lignocellulases activity, fungal and bacterial communities structure, temperature and ammonium N
content, and negatively related with soil moisture and pH ( P<0.05). In conclusion, the alterations in the physical,
chemical and biological microenvironment in R. pseudocacia plantation caused by increasing stand age are generally in favor

of the litter decomposition processes.

Key Words: soil physical and chemical properties; soil microbes; enzymatic activity; litter decomposition; stand age

B+ U IR E AR ST RO ME S M X 2 — 20 22 bt DOk, bR 228 1 T KRB N TR, 7
437K MBS 20 A SR 4 0y T R T OCHE Y 2 SR, IR Robinia pseudocacia “FHN AP T
AR THFE T 24 Hh - 187K 43, 5 308 im0 1 M TR L 2230 /K A3 /R 3R A BRI, el R 34
MR INEREAFTE IR HAS IR R U N EZ . BT, 8 15 e 2R L Sbk 4 i 25 A R 2 5 Y
B B K S 5HE ARARUM N R & B AT LA A 4 22 Al 0 A5 B o) N TR e vy o T
FEAMT R IR AR AR R K R E M E R H R T A S i AR b 1)
BHE BOCER A G IR RE R RO IR, B 0GR G ARH - SE J) 4E 4y | IS5 BT Rk 2R
SET L I, TR MR A R S S R R Y A 1 R i e 4 S G TR ML AR A B DA S A9 A R T
N TR E PR AT B8 A Rt m) , X e N TMRAY T etk B 2 BRSNS 7 3L

KAEWFFEAE T TP 00 50 22 0 1 S B R TN Rl 4 B " A BV AT REARAE > DL R
SRR I IERIFE R, FLE b3 PR O X YA P A3 A S BT ORI R, BT AT
D CTERERE AR R N TR Bk 52 3o 8 v+ SO 35 PR 3R 1728 b B X M b ) P 4 -k g s o 017
5 RIRMERHE I FRAR L, N AR T R G AAAEAE AR A — 8 B RP IR TE . B 58, B — BRI 0T - B8 5% 40 1Y
BEPEMENR SORNE R T R BURVE W o i R rh SCHER Ar BE Z sl > 1 ok R A A K R e
I AT R b g 0 P A R 5 RV A A R DG R G B R B SR A O R A
A ATV FOAR T PR 5E 1% 28 1k S (R 9K Bl 1 bR Hl - 558 v B A= W %) B T R 4 R R G T A Dy g ) ek
AR M R IR SRR LTS S RE NS TG R A AR YRR -2 5 PR 00 40 i, LR 0 BR
SO R T A A AR R SRINT A B OR B A A R R R A s HR Rz 2 F
V2 SR A I SRR R R AE I N AR B A 3 R AT R e AN A2 DA D SRR A R

http ; //www.ecologica.cn



74 SREENE A5 8 e DR TR 33 i - SRR S5 A8 A X 1 v 40 2 i 0 5 ) 2933

WG, AR N AR A A I S Sk R v, bt - S P53 1) EL A Bl A G 52 e bt 80 9 40 1) 3 A R AL o8 A R e — 20
WFFEI LA B

SRR 8 e BN R i e R Tz A R 2 — 4 2R > bR N AR B ) B0 B B G i 42 o
MRIIFEENE M HAEARRAFLL R A S AT WA IC W E R, A SR RS AR R A S B
TARLL A ( Pinus tabuliformis , M7 (R XE i 08590 ) F L =1 ( Trifolium repens , 5 53 @ 875 X4 1E
HEBR AR I 75 P B8 L K XSRS TR I 25 AT BIFSEUR T 300 03 i R AIE DA B - 3 PR o | -3 6l
AW RETR SRR TR O T U 75 400 53 ik T 0% 375 1k B PR 1) A2 AR , I 03 B - SRR B A8 Ak e 41 7 40 - fik 1)
FTREDLH . WFFTEE R T i — 20 PR N TOMAE B K 52 2ok 2 v vk - S RO B8 A2 A X N AR R G ) B 242
REARZ AR B 38 1L R S 5 B RS B it 1) ) RN S (AL R AR 4l

1 MRS

L1 RS

THF 9 XA T B9 78 A 40 2 7 2 9 IX 4K 85 9 i 48 ( 109°13'—109°16'E, 36°30'—37°19'N) , 4 s 3ty &b # + 5
J Fe B AR X, - S MR 2 1200 my, A 73 28 I8 T 102 il 4 2 1 1 2 5 2 U0 X, 4R 2 B OK
549.1 mm, ST 7—9 J 7&K 1463 mm , 45 P2l 8.8 °C 4F H IREN 4L 2145 h, HIELIS LR BR
BB O MR R AR T, s E A RS A 20 T4 70 AEAUTT IR K RS AR B
IR AR, A T AL 5 AW RIRE S 3 R 32 22 LUIAT 5% Caragana korshinskii V% B Hippophae
rhamnoides . 4 | 1t Sophora davidii VL } 1 & 5 Setaria viridis . ik % BL ¥ K T Lespedeza daurica . H - %
Bothriochloa ischaemum FVERFTE Artemisia gmelinii %555 JBAL Y55 N F0
1.2 JAVEIRE Rl R A AIAL B

AT H R HTI TAERB ARG g B b, Aiabk s B i 1 B B 55 7 R AE 3 00, BT A
WL R Sk L R A D SR - SR R DA R 7 A TR U B I P A A R i
M SR 25 IR AR G — 1k FHAE RS X SN AE7E 3 A5 (AR A1 1 = B PR IE ) S % 42, LA Bl F 5 v
T IR AR XS A ) o s S IR IS IR IR I MES R AN o AR AR B R (R 1) 2l T
AR AL ROMR A3 PR R TR 25 9 BE 1 D3R B2 AS [l A T BT 94 0 3 i 3o 7 P B £ ( DL Sk ) i B
WFFEAL RS2 5 114 T 0 R 56 4 8 i (R asCob ity v 0 X 380 1) BT A 00 37 40 T ok AP i) e v R e AP L
UMD I T 0 8 23 A e R 0.296—0.968 , AR ) 73 BREE T IS A 7 1Y & AT 0.283 T F1 = -8 5 1Y
ke T 1716, R AR ) LA SR X S JR I W R g oy R TR )

x1 HRAAZEVHERRE
Table 1 The substrate quality of the tested litters
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Litter tannins/

(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/e)
ShEn
{HWA o 452.83+44.44  12.65+094  142+0.12"  156.05+4.33" 0564006  049+0.01*  291.00£7.51 " 194.33£14.97* 19.30+2.24 " 41.81+1.84"
Pinus tabuliformis
SR

. 382.26£12.90 34.54+553  2.81x0.12  11951+1.69  0.81+0.05 0.60+0.01 60.63:091 216671532  2.24:041 1.29+0.22
Trifolium repens
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Fig.1 Decomposition and C, N and P release of the litters in R. pseudocacia plantations with different stand age
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Table 2 Decomposition characteristics of the litters in R. pseudocacia plantations with different stand age

) ; oy 28l I3 R
W it ikl i “
. Decomposition R P Decomposition
Litter type Stand age/a 0
model constant k/(a™")
I 10 R=exp(-0.244xt) 0.8963 <0.001 0.245+0.010b
Pinus tabuliformis 20 R=exp(-0.216xt) 0.9345 <0.001 0.216+0.006¢
33 R=exp(—-0.286xt) 0.9043 <0.001 0.286+0.021b
43 R=exp(-0.383xt) 0.9739 <0.001 0.385+0.033a
=0 10 R=exp(—-1.727x¢) 0.8568 <0.001 1.726+0.025¢
Trifolium repens 20 R=exp(-1.791xt) 0.8925 <0.001 1.796+0.040c
33 R=exp(—2.242xt) 0.9447 <0.001 2.242+0.011b
43 R=exp(-2.772xt) 0.9744 <0.001 2.787+0.102a

B R S AR SRR IR | 1R 5 [R) 7 R s AN R M At v o 9 40 o B2 S 2.3, P<0.05
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Table 3 Differences in the physical and chemical properties of soil in R. pseudocacia plantations with different stand age

TRt i ﬂﬁ%/ﬁrﬁ e WEAR A= BERAGE i &Wéﬁi
Sampling time Stand age/a Soil surface . Soil moisture/% NO5-N content/ NH,-N-content/ Available P pH
temperature/C (mg/kg) (mg/kg) content/ (mg/kg)

55108 K 10 30.40+1.24h 10.43+1.47a 19.83+2.20 4.20+0.85b 9.08+5.28a 8.200.01a
20 25.46+0.65¢ 9.13£1.21ab 9.68+1.56h 5.99+1.36h 11.97+4.22a 8.20+0.04a
33 36.74+2.68a 9.80+2.05ab  36.63+6.26a 6.400.13h 16.83+6.04a 8.02+0.02h
43 34.76+0.69a 5.48+0.88h 40.85+2.02a 11.90+0.44a 16.83+5.64a 8.05+0.02h

5389 K 10 26.40+0.93a 12.87+0.41ab  23.41£3.06h 1.14£0.42a 18.97+1.16a 8.1720.03a
20 21.44+0.64h 12.00+0.49h 35.17+7.71ab 2.29+1.11a 17.82+1.53a 8.17+0.08a
33 23.87+0.43a 13.44+0.37a 54.45+10.41a 3.02+0.62a 19.38+1.59a 8.0420.04a
43 23.93+1.27a 9.52+0.41c 45.93+7.68ab 1.14£0.45a 22.76+2.39a 8.05+0.02a

5592 K 10 9.03£0.41h 13.061.01a 37.43£8.95a 1.88+0.24a 13.53+0.59% 8.330.07a
20 7.79+0.17¢ 9.68+0.18h 16.61+2.83a 1.52+0.23a 12.95+0.25a 8.34+0.14a
33 11.820.85a 7.48+0.37b 25.87+8.18a 1.95£0.11a 12.46+0.38a 8.45+0.08a
43 12.08+0.19a 9.83+1.64h 39.70+8.62a 1.52+0.32a 10.73+0.51b 8.37+0.03a

M #E Factors

Ml Stand age (A) 23.98 *** 9.76 ** 18.50 ** 441* 0.71 1.20N

S fstiE] Time (T) 382.20 *** 8.44 %% 3.27% 127.34 *** 5.32M 27.16***

ZHAEH Interactions (AXT) 4.90*** 2.29% 1.74N8 14.91 *** 0.63% 1.84%

Bl P9 e bR IR | ISR ) SRR m A 6 22 57 1035 (B0 ), P<0.05 3 AW 6y 28 4 T4 SR (SRAR T 28043 ) LA F(HLRIN ] 22 53 B 5
7R, NS,P>0.05, % ,P<0.05; %% ,P<0.01; # % ,P<0.001

2.3 b L IERUEWRER IR AE 1L

FIAKF b R EC P T T2 01T Ascomycota $H 18] Basidiomycota FI 85 "] Mortierellomycota A %
T PRI ] Actinobacteria 28 FE 1 | ] Proteobacteria MIFZFFI# |] Acidobacteria & 10—43 a MRHb 4 HEF 1Y
FE[RVOCFATETT (B 2) o Horb FH7 58 T I ARR F BETE 3 265 108 FOMHS 389 T4 AR i 14 i 52 Se 14 5 [ i 3
(P<0.05F1<0.001) , B EE [T BELE Sk 55 389 FRIEARMA I i il 25 R ATK , 1T 6 20k 555 592 R £ S b I 1
#(P<0.05 F1<0.001) (181 2) ; ARG (P 2) BT AT ] BETE M55 108 FANES 389 K FfAREE 1S in i 3%
$E15 (P<0.05) ,ZIE BT TAHXS FE BETE 3R 55 389 R IBEARIR i & Je 3 5 i 35 (P<0.001) , 7E 73R 5 592 K
| SRR (P<0.01) .

BARZJE /K] I PR R Mortierella J2 BT A5 Mt 1358 v 3 [6] 1) D0 3, LA T D0 B AR o 34 A
I R A TE BRI (K 2) , T A P BR AT R ) Y Subgroup6 Al RB41 2B J2: 22 BUMK M - 338 v (1% L[] 1 34
J& (B 2) o Horp Bloffn a5 Jm 00 AH X 32 BEAE 23 55 108 R BEARIE S In i 25 R (P<0.05) , 7R/ 26 592 K&
JekE S aH (P<0.01) s Bk I B8 Fusarium FIRFEIE Gibberella A AE /7 ff55 389 KoM HE , HH = B AR
W3 B 2 AR ( P<0.01) , BRIEH B Mycosphaerella TR & Geastrum , i MR T8 J& Archaeorhizomyces . SZ T {1 J&
Acremonium FIINEAJE 2L/ J& Leohumicola VA X 7 %% K& Knufia £ 458 Russula B EE Clavulina TR
Articulospora 53 SINAE T 5 108 K 389 KN 592 KAWHTEIE , HIUAEREE AR H BA DL i, 40
BT, Subgroup6 AL /M AR A UL E  (BAE /055 389 KA HAHXT 2 L2 42 = #a ¥ (P<0.05) , M TES>
FER 592 RINALAE 33 a At rp B PR3 o ; RBAT ZRIFANAE T 45 389 KANEE 592 K M ALHATEE , 1Lk 5
389 KA HAHXT = B BEARIAHE I 52 Se R S G a3 (P<0.05) 75 592 KA I 2 AH S a3 (P<0.01) .

M o RS BE 3 A, PR - 3 L TR ) R i BE VAL SZ B o3 A I 1] A4 1 2520 (1] 3, P<0.001) , T H: 22
REME I 32 SRR (] 3,P<0.05) AR ] (P<0.001) LK 4 38 HAE I (P<0.001) ) & 5, Horp 3L
Yk = e BE RN Z REPE TR SR 45 108 TR BEAR IS IS Iin i 25 FEAIR ( P<0.05) , HWRh ZHEVETE S 55 389 K5k
HER B H (P<0.05) bR -3 40 57 1) = 5 A Z2 R (1813 ) 12752 3] fifk i6F 1) LA S A 1 01 fige ik 1] 52 B A
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Fig.3 The « diversity indices and community structure difference ( base on NMDS analysis) of soil microbes in R. pseudocacia plantations
with different stand age

NMDS . I £ 2 4k R /0T non-metric multidimensional scaling; NMDS 1 Al NMDS 2 S50 A HE I P e T A ) 1

FHI) 2520 ( P<0.001 37 0.05)  Hor, T EEAHTR PRl =F 5 BEAE T 55 108 KA B MRS 3 hn 52 S J 3
F(P<0.001) , TLES> 2R 389 K i 45 (P<0.05) ; MRl Z AR PETE S35 389 I BE MR I 185 i £ Je
JE AR (P<0.001) , F34h, NMDS 43 #7450 (& 3) , AR FIR AR 25745 X ok s - 398 0 BRTRN 0 B8 (R BV 254
Hyp= A i 50 (P<0.001 , B £ o0 2240H7) o
2.4 M - SRS AR L

AW FE PG K A SRS P 35 52 BMREY SR AR ] K A2 A AR B s e (1B 4,P<0.001) o £ iR
Fit 22 FEAE P 1 32 B2 B B (TS 1 e s AT ) R AT Aot 4 T 8 13 2 BB AR 1 n 2 3 AR A1, AR T 3 Ak
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Fig.4 The activity of soil enzymes in R. pseudocacia plantations with different stand age

Bl R - E AR R (IR2ER ) 7R, ARl TR R AR ] 2 S {25 (AT 800 ) | P<0.05 5 SRAERF ] 26000 K

2.5 JEYOIRS RS H RN LR

DA A HEPRBE A Bl 2 235 58 LA R 5 HRAI 52 Bsf [ X6 17 F) Bk Bsf 43 i S R EA T Pearson M 5G4 (D S) , 25
TR UTMAA PR T5 ) o3 fi s A - S M LRI 4540 (NMIDS T 85, B2 3 A KD 3) Fn - S 8 A &
i IEAHOC (R=0.34—0.38,P<0.05) , 1Ml [ = -8 75 1) 53 ik 138 55 1 S8 S il R K O 47 4 22 g 0 M L A T
(NMDST %l 25 ] 3) FIECEE (NMDS2 Bl B2 50 F K] 3) BEVR 2540 R MBS AL S i 2 W ARG i 5
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Fig.5 The relationships among the instantaneous decomposition rate of litter and soil environmental factors
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Fig.6 Redundancy analysis of the physical and chemical characteristics of soil, relative abundance of dominant microbial genus and

enzymatic activity
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