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Effects of species diversity of litter on the ecological functions of Cunninghamia

lanceolata (Lamb. ) Hook. plantation soil
WANG Si-LOHg ’ HUANG Zhi—Quna WANG Qing—Kui ’ YU Xiao—]un (Huitong Experimental Station of Forest Ecology

of Chinese Acacfemy of Science, Shenyang 110016). Acta Ecologica Sinica,2005,25(3) :474~480.

Abstract;: Based on a field study and pot trial, the effects of species diversity of litter on the ecological functions of
Cunninghamia lanceolata plantation forest soil were examined. In the field study, four plantation forest stands with similar site
quality, one C. lanceolata pure stand and three of its mixed stands with Alnus cremastogyne, Kalopanax septemlobus, and
Michelia macclurei, respectively, were investigated. Soil samples taken from each stand were analyzed for enzyme activity,
total N, SOM, and total phenolics. A stand of nearby secondary evergreen broadleaved forest was also investigated and
sampled as a control. A additional 7-mo pot trial was set up by incorporating the litter of several broadleaved tree species as
well as C. lanceolata needle litter into potted soil planted with C. lanceolata saplings to compare the effects of litter species
diversity on soil qualities. There were four different treatments with litter from {four different species, given combinations of
C. lanceolata litter with that of M. macclurei, Castanopsis carlesii ,» K. septemlobus. The soil of each pot was also treated with
200mg of ("°’NH,),SO,-N (with "N abundance of 20. 97% ) to track the fate of labeled **N under the effects of the mixed litter
treatment. The results of the field study showed that the activity of urease and invertase in soil covered by C. lanceolata litter
mixed with a broadleaved species within mixed plantations was significantly higher than the activities in soil covered by only C.
lanceolata litter under its monoculture. The activity of acidic phosphatase in soil also changed in the same pattern among

sampled forest stands. The activities of the three soil enzymes were greatest in the adjacent secondary evergreen broadleaved
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forest. In addition, the concentration of soil organic matter and total nitrogen increased in the mixed-species C. lanceolata

plantation compared with the C. lanceolata monoculture. The results of the pot trial showed that although the concentration of

('®"NH,),S0, in soil at the end of expertment increased, the loss of (?’"NH,),SO, from the soil decreased as the number of species

of litter in the mixture increased. The fresh weight and uptake of '°N by C. lanceolata saplings increased with the increase in

the number of species of litter in the mixture (p<0. 05). It is suggested that as the mixed-species litter was incorporated into

the soil, there were significant improvements not only in the basic indices of soil quality such as soil organic matter and total

nitrogen, but also in other soil quality indices such as the activity of soil enzyme, capacity of preserving soil nutrients and

ensuring the growth of saplings in soil.

Key words :Cunninghamia lanceolata; species diversity of litter; soil ecological functions; monoculture
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Table 1 Different types of stands investigated and their

characteristics

Stand Stand Age DBH  Height Density WHE A

Slope Aspect

type (a) (cm) (m) (trees/hm?)
90S 10 12. 18 11.0 2700 26 SW
90SC 10 12. 98 13.4 2700 23 SW
905Q 10 13. 39 13. 4 2700 - 28 SE
84SN 16 9.7 10.5 2550 30 SE
K 35 22.11 13. 89 1124 39 NE

* 90S 1990 & K Z LA pure Cunninghamia lanceolata
plantation planted in 1990; 90SC 1990 FE&E 2 AR ()Y K| (2)IBAEHK
mixed plantation of 80% of C. lanceolata with 20% of Kalopanax
septemlobus planted in 1990;908Q 1990 EEL A BGIR K (DOEBX
M mixed plantation of 80% of Chinese fir with 20% of Alnus
cremastogyne; 84SN 1984 4 & #2 K (8) kK J1 48 (2) 1R I #K mixed
plantation of 80% of C. lanceolata with 20% of Mechelia macclurei;
K K& & % MM #K Secondary evergreen broad-leaved forest; | [g]

the same as below
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Table 2 Foliar litter composition of different treatment
e L 62 B BABEI o o T L8 95 7 CETSCY
Trentments (*NH,).S0,-N Litter of M. macclurei(g) Litter of Litter of Total amount of
applied (mg/pot)  C. lanceolata (g) C. carlesii(g) K. septemlobus(g) litter added (g)
H 200 0 0 0 0O 0
A 200 30 0 0 30
B 200 15 15 0 30
C 200 15 0 15 0 30
D 200 15 0 ¢ 15 30
E 200 10 10 10 0O 30
F 200 10 10 0 10 30
_ G 200 7.5 7.5 7.5 7.5 30
2 BR
2.1 TIEERETEN
ERX FREDWMA RN — T, FiEER LIRSS XA B KA. 0~10cm £ F 1 358 K B 0 73 B8 B 75 1 A7

A 2 HRAEYBENERESHK L ERE HEST
Frif 253X 3 A LB vE M2y DI R B R B R IR £

ARG

10~20cm + 2/ H BB IEEANTABES 0~10cm + EHLLGE 3.
2.2 LTEEIE

B ERIREH AR

34.05g/kg Z 8], LARE 1 MMAZEYEENZARAR L HRMK, 5 S WFRAEYE R IK

2RS4
4),

T 5% 5

TEEUFVHRS TR RAMEUN AR R .

fa] — A~ g B TR R 3 - 3R F LR AR AR X S

(R

%

K % B0H LB 28 W B g A O BR AL BBON

SHAWERRH. MARERNNKSERE 0~10cm + 3 B K

EAHALZAAHN, EK32ZEEZRAEE, M 10~20cm -
B+EABMKESERE 0~10cm T KA ILAE BARLL ., 28T,

0 SR W o A BT B L, T DB ZE R R 0~

10ecm T

R EESBRRMANSEUMNA 1 MRAEYEZNZAR

ANTRESE . MAES 2 HEEYE &89 H B AR SN B AR

e 1Y TR 38 pF
e AR 1B 3 A

S, BB &2 B R, R AR AR
MERKTHIRZNK, R RE R4 L+ H B

62.5%, MAERAEFSKEMT K LFEL P N EZRAHKLIEN

44.8% ,#E 10~20cm T
[F R B E, LU
2.3 1+EEH

2 598 T X 105 A L 2 AR
G SRR A R

aﬁjﬂ

EASE—HANAMERZE, L R2AIERAEFAR

BRI .

TEREO~10cm)2RA T EBEUEZARAKRBI,

KEBSET KRBT, T/ 1.35 F 2.49 g/kg Z 8], £ K
HRM. RBAS AN HEX LT ELEAEMT 5.9%~51.1%

RE1MAEYERENEARARLTE,
CH AR AR B , L

WM EEY T L EEINECEEZENEW. FEMRAERMNKS X P L EFVE
=B 2% W] A

+ S8 BR P % BRI 1 B 22 B I
LRt HRBAEEEZANENE,

A FE 16. 96 Fll

X3 PRAKFLCEARIAIMNINEEENLER

Table 3 Soil enzyme activity in pure and mixed Chinese fir

R E . M AR

plantations

LER LN R e REL TR RS

Depth Soil Urease Invertase Acidic
(ecm) type (mg NH,/kg) (g glucose/kg) phosphfitase

(g phenolics/kg)

0~10 90S 318.17180.88a 9.78+0.37a 2.1810. 14a
90SC 373.54+16.68a 33.63+1.11b 2. 3110, 10a
90SQ 373.54+16.68a 15.834.22a 2.23+0.02a
84SN 491.08+417.47b 43.32+0. 37c 2.361+0. 48a
K 731.50113.88c 117.16+10. 74c 2.4410.12b
10~20 90S 181.20496.03ab 10.96+0. 47a 2.1510. 06a
90SC 290.73+16.03ab 15.088+0. 89a 2.2910. 22a
905Q) 362.8516.94ab 11.6810. 34a 2. 30x0. 05a
 84SN 394. 91-+50. 05ab 32. 5546. 73b 2.3840. 0la
K 438.99+72.13c 60.69+4.52¢ 2.26x0. 26a

RTFBEEESITEEMNPFHEEMNERE, F-EAIRA A
M FE 422 R E 7 B F (p<0.05) The data are the mean value

of enzyme activity and S. D. Different letter in the same column

indicates significance at p<C0. 05
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BAAHAEYFX—TERN T ESLE IS TEARAM,, Table 4 Contents of soil organic matter in dlfferent stands
2.4 FHIEE IS T LR EHH VLA Actwe organic matter
L P42 E . wE & B HLE K
KARMRRERERARABITHREULRGRNEK 7 AR 8, Stand type %f:;;c concentration  H 4}k percent of
RTHEREH SHEEHBEEEN . ARKZYHNLEHE LR (g/kg) total OM (%)
MR T A5 K S X1 B 8 O TR, N T £ R B Rk 90 16962, 030 123750 3z 72.94
. . 90SC 22.31x6.70 19. 04 5. 22 85. 36
HE WMED TRERANLRTHORRE. X LA R 90SQ 20.204+7.29b  14.78+4.76a 73.18
MBI ARYE ERRVMN T AP ARBETHLE B 40N 33.644+1.25c  24. 98 1. 00c 74. 24
Y 2 BRI 3 m BR A A T8 A2 K 4 X BR R AR TR R, K 34.05+4.02d  27.72+42.29d 81.39
e InFEBEETEPHBRYE . * RPBE\EH S NEENFHBMTERE . A —-FRAFER
Al &ENERFEF (»p<<0.05) The results are the mean values of 5
2.5 HIMAEK replicates and S.D. Different letter in the same column indicates
MNEMHKEERETER ARBEABRYHEXNEAKYE  significance at p<C0. 05
AKAREEMGER S, HP 4 HAFEYLE GO HE AR x5 TEHKSTHEEHSE(mg/g) R &G YRR LG
iR E R A, VR 26. 3g/#R, KK 3 M E Yy -3 (E Table 5 Changes of total phenol in the soil of different stands
) EARGRM TN 25.7 g/bk. B EMF LB A B & A LB L (06)
Mo R A Total phenol Percent of SOM
BEREZER BRI 2HBEYNLAEB.CH D), KXY Stand type
R T 21, 4 g/bk s BN 1 R K A 7 I 0 AL 5 om0 Pem o fem 0w
. 90S 10.18+2.84 6.97+2.16 59. 8 47. 3
(A) EARGIHMFIRETE 169 g/Br. BHBERIFLF 445 11.134£0.31 7.5742.23 53. 3 43. 8
REDLE >3 HREDLES2 FREDLTE > M REY 90SQ 8.35+1.16  9.3842.05 37. 4 43. 8
B, 8K EI N34/ EEYABEREBEE 84SN 13.24+£2.16 11.07x2.67 37. 9 41. 0
ﬁﬂ’ﬁ‘ﬁ%l\ZZiBﬁﬁ%%&bﬂzrﬁji@ﬁﬁ%%ﬁh B % T 7 K ) 11.81+0.87 10.37%x1.04 26. 8 r44.6
A TR R RSB L B TR S R R RO D A R 4 *RTRBH S TRENTIHMBAHEME The results are the

B A B 38 e, T IR, 3 A B TE My 48 RE Mk Y 18 o F T A2 A 4 mean values of 5 replicates and S. D.

B, R EOR R R R 9 AL R K S £6 FARAKIHLMEAIRER
FEREBF 1MEKRBAEYHLE Table 6 Soil total N in different stands (g/kg)
3 Wik A il + B & Soil depth
3.1 FEMALRS L RA R Stand type 0~10cm 10~ 20¢m

B 53 640 U 9% 0 1A 5 ISR 4 R 41 AR 4 A O, X 05 L. 35:£0. 052 1. 25:£0. 06a

~ e g Lo 12 AR 90SC 1. 43%0. Oa 1. 4040. 02b

AR K IR AR 10a IS B 877,13 SR KA 2 5050 L. 67-40. 06b L. 6540, 04c
A K1 IR FRETRIZDIMEZ AR K 558 2R 84SN 2. 04+0. Odc 1. 6840. 11c
A CERIBA)10a 7] 8 25 % B4 58 20567kg/hm?, 29352 K 2. 494-0. 08d 1. 5640. 08c
kg/hm? il 24340 kg/hm? #; AN ABYWELEEAR . EFTER *RPPFEN S TEENFHBMIEMRE, W —FAFHAR

Uﬁ%%ﬁﬂﬁi%ﬂa&ﬁ*ﬁ%ém% E#*J%H@ﬁ%ﬁ%ﬁ B HZHRHEFR B FH (p<0.05) The results are the mean values of 5
W R AR EEY . THIEREA K ARG 5)RHAY T, Bk replicates and S. D. Different letter in the same column indicates
Kk IR TR B AR, B A HE A, 2 By Sienificance at 952 level
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Table 7 Balance of (1NH,),80, in soil treated with different litters %%%?ﬁ%%fﬂﬁi SIS R A R T EEAMAEE, X
o b ﬁﬂ;ﬁ; CRREE S E o t’&*kﬁﬁ{%i’éﬁ 10a Bﬁxﬂi{‘ﬁl{ﬁﬂﬂm,m r:é:t’,*‘ﬁﬂbi!n*;
Number Treat- Recovery R]:cove.rl'y total L *ijﬁ(S : 5)¥E3F%(#k|ﬁl BADFMEZER K TR GE: 2)IBA
of species ment by seedling (m”gj‘;) Z:‘g’;’;’; (mg/2r)  MRCEARIBID10 B L & B 42 3% 20567kg/hm?, 29352
(mg/ %) kg/hm?# 24340 kg/hm? &, RUHE Y LB, FEE W
° Ho 1604 90.2 10628 9371 BEmWERAR R ER ARG R B TR B9 R T
; ‘;‘ Z Zi 12; fz 122 ii EZ’ ;z BE SR AT, TAEAZ A K A (5 ¢ 5)IBAAR 2o, 5 4
¥ H XA EY a2 AR, 2 E B e R, E R

C 10. &1 139. 00 149. 81 50.19 ‘

D  11.00 142. 90 153.90  46.10 BN, T AEAZ AR K SIA(8 + 2)IBA ML, BHK 8 Kk H B
b wman eane teems s | AEWGEEN A, BB 0 44 LUS K B K R K%Y
c 1t waase teron amos  MBFBAUI, BAGREA KN RIS T RN R
4 G 12.86 160. 80 173. 66 26. 34 FHNEBEBHENATHHEAR, AMXEBNATHBENRER

* RPBE\EAFLHESHENNESE R, WIEFIE The data

are the results from the analysis of mixed sample of all replicates of

the treatment
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Table 8 Fresh weight of Chinese fir seedlings grown in differently

treated soil

FAEDAHN LB 2 BME W& E M#EE  EHE
Number of Treat- (g) (g) (g) (g)

species ment Total Root Leaf Stem

0 H 21.14+1.3bc 7.0+0.5 9.94+0.4 4.2+0.5

1 A 16.9+1.1la 5.84+0.5 7.8£0.3 3.3+0.4

2 B 19.94+1.3b 7.24+0.6 8.8+0.5 3.940.6

C 22.1+2.0bc 6.74+0.5 11.2x0.5 4.24+0.5

D 22.3+1.9c 7.24+0.8 10.3+0.4 4.840.5

3 E 25.2+1.9d 8 14+0.5 12.240.7 4.94+0.5

F  26.2+1.9d 8.2+0.5 12.940.7 5.14+0.5

4 G 26.3+1.5d 8.24+0.3 12.940.6 5.24+0.6
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