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Effects of Thinning Retention Density on Litter and Soil Water
Retention Characteristics of Cunninghamia lanceolata Plantation

Lu Dehao, Feng Mingchun, Qiu Zhanpeng, Huang Huangiang, Chen Shiqing, Lin Na
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou Guangdong 510642, China)

Abstract: Taking Cunninghamia lanceolata plantation with 11-year thinning retention density of 1200, 1800
and 2500 trees/hm? in northern Guangdong as the research object, the differences of litter and soil water retention
characteristics of different C. lanceolata plantation after thinning for 2 years and the influencing factors were ana-
lyzed, and the water retention performance of stands with different thinning retention density was explored. The
results show that higher retention density was conducive to litter accumulation, and the litter inventory and thick-
ness of 2500 trees/hm® C. lanceolata forest increased by 7.96%—30.87% and 4.90%—24.92% compared with the
other 2 density stands. The soil maximum water holding capacity and effective storage capacity of
1800 trees/hm’ stands were the largest in different retention densities of C. lanceolata forests, and were signific-
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antly greater than 1200 trees/hm” stands. The soil saturation water holding capacity and capillary water holding
capacity of 1800 trees/hm?* stands were the largest in the 3 kinds of preserved density C. lanceolata forests, which
increased by 6.5% to 24.95% compared with the other 2 kinds of preserved density stands. The soil non-capillary
water capacity increased with the increase of retention density, which was 2 500 trees/hm?(45.50 t/hm?) > 1 800 trees
/hm?*(32.21 t/hm?) > 1200 trees/hm?(23.76 t/hm?). The results of correlation analysis showed that litter water capa-
city was significantly correlated with litter thickness and existing stock, soil pH value, organic carbon content,
non-capillary porosity, and non-capillary water capacity. The soil moisture content was significantly correlated
with total porosity, capillary porosity, and non-capillary porosity, soil bulk density, soil organic matter content,
canopy density and leaf area index. The results of coordinate comprehensive evaluation showed that the compre-
hensive water holding capacity of litter and soil was 1800 trees/hm” > 2500 trees/hm” > 1200 trees/hm’ in the
stands with different retention densities. In conclusion, 1800 trees/hm?” stands had the best litter and soil water re-

tention capacity among the 3 different retention density stands.
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PR K 1631.4 ~2149.3 mm, ABFFELEIGIE T
LRI (112°57' ~113°01'E, 24°08' ~24°13'N ),
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pedata ) BN ( Pteris fauriei ) N+, HEAR
)2 FEAH HIEEH (Ficus hirta ). U ( Psycho-
tria rubra ) . WA ( Schefflera octophylla ) . il
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Table 1 Basic overview of sample plots

YR (] FRAR BR 5% B/ (Fk-hm ™) I P 2 M AFEEY (em®om™) FHHAE/em SFER S /m
i 1200 0.60 £ 0.01 1.24 +0.01 15.81 +0.09 12.28 +0.11
TRz 1800 0.69 £ 0.01 1.48+0.01 14.41 +0.08 11.64 + 0.05
R 2500 0.74 £ 0.01 1.61+0.02 12.01 + 0.04 10.64 + 0.04

T oA FIME = AR (n=3),
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TR (vhm?); RAFED HRFKE (%);
M, R IIEYIE R (thm®); Ruw N %Y R

FKE (% )5 My HITEYIRARSFKE (Yhm?);
Mg, 121 48 h 5 PATE YRR (g)5 Rina N4
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Sty pH R AL (1K 1:2.5) M.
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W, = 10 000X Py X I ap
X POYHIEEALBEE (%); POy HIERE
FLEREE (%); POy HHEAEBAESLERE (%) bl
TZEE (m).
1.5 AEWFN L KR IR 88 1 1EM
K AR BR LR VT 1% IR T ) R - 33 7K U5 Tk
FERE N IATLEA T . 1) XPEM R bR EA T 0 2 40
fRAb B, F i shEdER, iIC s, HhidkaAs
[FAbBE, jRAAFEEIR. 2) WA (12) %
si 5 B FEAR T B S AR my; LEAL, B R R 5 A
XA (dy) BIEEREAR AR A (13) 115
S iFP A PRBNBRAE S EE RS ( Py ). 3) AR
(14) SRIBAAFER bR UE I A M, $2 M
AINEIRHET, SR AR/ N R E R

dxj:Sij/mij (12)
Py = +J(1-dy) (13)
M=>" Py (14)

1.6 HiELESHH

H Shapiro—Wilk K5 5 Il Levene K 56 £ 45 2 75
5 fE IEASYE AT RNy 22551k, KA 2 SR 1 4K
AT A, A0 A B ERCE B e 7 22 o BT A

W MHRE R ZEHHT (ANOVA) XEAR[FEIM S
YA R ReAKR A I B . Rk
DL SRR IR 14 22 5 o 3 VAT o i, O R
TZE I (LSD ). i Perason AH 3¢ 14 43 #fr 3 3]
W 8 5 4 R0 R K AR R ) BT A R O
FEr R OC o A v R IEAR DG A bR AR IR )21
SEME A . LA B4 7E IBM SPSS Statistics 25.0
Bopkse i, #:K7E Graph Pad Prism 8.0.2 4 5¢
B, FA S HT R 25 S E b P<0.05,

2 HER55H

21 AEARBEZEMHRBEZARAINREZMEDN
HFFE 7k BE
P E M KA

I8 Y Py BIAF £ RIS PR B 985 R ) 34 K T 1
K, Hodr 1200 #k /hm? K43 LT 2500 £k /hm?
MR B BAF B FIEE R S B 14N T 30.87% Fl1 24.92%
AR B8 % AR I e KRRk B A U2 & &
LN 1800 tR/hm® (4.51, 3.23 thm?) > 2500 ¥/
hm? (422, 2.89t/hm?) >1200 ¥/hm® (3.72, 2.53t/
hm* ). 3 R[] AR B8 25 B AR 1 B KRR KR AN
MPERZMEREE (£2).
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Table 2  Litter characteristics and water retention in C. lanceolata plantation with different retention density

{RERSREE /(b hm™®)  PUAFEE/(thm™) JE ¥ /cm BAREOKE/(thm™)  BEEE/(rhm?) RRKEKEY%  AREEERY%
1200 3.11£041° 321+0.14° 3.72+0.23° 2.53£0.16° 128.84+19.25¢  79.57+5.63
1800 3.77+£045%  3.88+233® 4.51+0.38"° 3.23 +0.24° 187.26 +£13.35*  127.37+11.23"
2500 4.07 £0.35° 401 £ 1.65° 422+031% 2.89+0.18% 160.48 +12.18"  95.88 +8.58"

T B FAE + AR (n=3); ARIMKRE FER2oR R — A BER R Z 8 BA B 25 (P<0.05).

B E M aFKT AR

SRR IE ) 2R K R R K K
B <77 B O(E 1a), 0~2h NS E
YRR KR T, 4~ 24 h &0 55K
SRR BN, 1SR TR ., YR
K AR K B R A T E R (R Y935 3] 0.948
DL b, FEIRIE YK AN e a] 2o & A
Ktk (%£3),

PR V5 1 0 W K TR 55 B R) A7 7 T B
M (FE 1b), ASTRIPR B % B AR5 U8 75 0 1 5
K R i I Y IS (R] (R 3 R B A OE R, A
IF) Ak BB ) W 7K G 3R 5 9 9 B ) A 480 [l U9 3R K
R HI7£ 0.958 L) I,
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22 AERBEEMMRBEAAIHR T ENEN

B R Fk BE
221 EEHKEE

ANFIMOT I E K S . BE KR
Bifi 2R B g i ek b, AR B A K S RE
JZIEEE AR AL TC I A (& 2). 7E 3 RO TA]
BB B REAZ AR, 1800 #k/hm?® ARA3 B M AN 7K
M B REKE R OR, M T 2500 £ /hm® F
1200 #k/hm® #5353 B R T 1,05, 1.25 f5F1 1.02,
125 %, T HIEIEBEROK R E IR B % BN
MR, FI A 2500 #i/hm? (45.50 thm?) >
1800 #k/hm? (32.21 /hm*) > 1200 ¥f/hm* (23.76 t/
hm? ).
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Fig. 1 Changes in litter water retention and water absorption rate with soaking time in C. lanceolata
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Table 3 The fitting equation of litter water retention and soaking time for Chinese fir plantation with different retention densities

PRER 2 B /(B -hm ™) JAVE IR K ST R P ADoK R LT R’ P
1200 0=0.1088Inz + 1.0709 0.948 0.001 V=0.7479¢ %72 0.985 0.000
1800 0=0.11591nz + 1.3984 0.987 0.000 V=0.692 8¢ 0456 0.958 0.001
2500 0=0.1237In¢ + 1.0709 0.948 0.001 V=0.7597¢ 849 0.979 0.001

2500 2500
Aa Aa Aa Aa
Aa Aa Aa Aa Aa Aa Aa
7 2000 gy A ~ 2000 | gurk T Aa Aa Aa
ﬁE % ?}b Bb Bad £ % Bab Bb B;Lb
ﬂ@ 1500 J:]TIH 1500
£ %
Z 1000 g 1000
& o
B =
500 500
0 0
0~10 10~20 20~30  “FHE 0~10 10~20  20~30 (A
+J2JEE /om + 2R /em

a. IR A

TR B K/ (hm™?)

]2

B M + bR (n=3); AREIKRE TR AR 2 AN R A B o
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c. HHEEBE Rk R
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BEMRIT B LR R A B 2R (P<0.05),

NG PR R AN LR AR R LR B 8 AR Y B SRR B BT B E R (P<0.05).
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Fig. 2 Difference in soil water retention in C. lanceolata plantation with different retention density
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ARV ARG B LA BB . pH AR AL B B R
EXIBE - Z T mis N, Fe 11 AR AR 1200 R/
hm? AR50 B4 AT AL 5 N T A 3 Fh Ak
gy, B pH AVAEOR T HAD 3 Rlbk oy o A
[F] 70 1) - L Bt RE Rt - J= A 384 i o A L I W

AL, Hp HEAFLEE . BELBEMAEE
A FLBR R Bifi 25 O B % B 348 i 2 Sl 8 5 ek b
FIH 1800 Bh/hm? (45.82%. 45.06%. 0.76% ) >
2500 H/hm? (41.81%. 41.19%. 0.62% ) >1200 ¥/
hm? (36.69%. 40.35%. 0.68%) (% 4),

x4 FARRBEEZARANIRLEELER

Table 4 Soil physicochemical properties of C. lanceolata plantation with different retention densities

{5 B8 25 B /(R -hm ™) +Z/em  HHUER/(gkg ") + AT/ (g-em™) LB % EEFLBE /% EEEILBE /%
1200 0~10 19.08 + 1.555 1.25+0.114° 34.07 + 3.56" 37.78 £2.33% 0.29 +0.05™
10 ~20 16.93 + 1.26* 1.28 +0.08** 37.61 £ 3.65% 37.32+£3.52% 0.30 + 0.02"
20 ~30 15.07 £ 1.01* 1.32 +0.06* 38.39 £ 326 38.10 + 3.63 0.29+0.01%
SEH4E 17.02 + 0.99 1.28 +0.05% 36.69 +2.58™ 36.40 + 3.124 0.29 +0.01*
1800 0~10 27.17£2.11% 1.05+£0.10% 45.37 £ 4.52M 44.62 £ 4.11* 0.75 + 0.074
10~ 20 20.60 £ 1.58" 1.06 + 0.09" 45.99 + 4,12 4521 + 3.85% 0.78 + 0.02%
20 ~ 30 16.48 +1.214° 1.04 + 0.08" 46.10 + 3.83% 4535+ 3.26% 0.75 +0.014
S 22.41 +1.63"° 1.05 +0.15% 45.82 + 3.66™" 45.06 +3.33% 0.76 + 0.054°
2500 0~10 24.44 +2.1248 1.16 + 0.12482 41.55 + 3.828 40.90 +3.214 0.65 + 0.05
10~ 20 20.94 + 1.95% 1.17 £ 01548 4231 +£3.33% 41.70 + 3.5348 0.62 + 0.02%
20 ~ 30 19.74 + 1.88" 1.17 £ 0.16*% 41.57 +3.85°% 40.97 +2.85% 0.60 + 0.01
FIE 21.71 £1.25% 1.17 +£0.08* 41.81 £3.16"5 41.19 +£2.36* 0.62 + 0.03%

TE: Bl v E + fRifEiR (

5 ANFIRE F-RER R AR 12 AR 1 8 4 BE AR ) LB PE U AT B 225 (P <0.05), AR/
BN AR LZ AR R %V%%E’Jiliﬂlﬁﬁhﬁﬁﬁﬁiﬁﬁﬁ (P<0.05).

2.3 FEI L EEKEE NS SRS
231 AHE WA LIER KL A 5T

LEPS e g L
BRI E . AREEEE
FIEMR, 544 pH, APLER
BE | ARBAE R KR R UG

i) v 1 VR R R BRLAT 5 O
Ff RAF7K R
. ARBE L
7% Wy P JEE

R RRE /K A i S5 A B M AR R B W A

Ko HHEWAFKE . BERKEMIEBERIK
w5 AL . BAE LB AR B fLIE
B R EIEMX, 5 AT SN E A,
WA, HEEEROKEL S HIEAVEEERER

ARG, SR P R AT AR S AR S R G
(£5)

x5 ARREBFELANIWEZDLERKENHOZMESER

Table 5 Influencing factors of litter and soil water retention in C. lanceolata plantation with different retention densities
Fahn WEYEIAE AEDERPKE ARDASEE R BERRKE BREEETkE REEERERKE
PRIE YR 0.70" 0.57" 0.54" -0.14 -0.48" -0.14
Uﬁ?ﬁ“%?jtﬁ/kﬁ 0.46" 0.79™ 0.85™" 0.70™ -0.38 0.70™
TEARE= &> 0.33 0.56" 0.73" 0.11 -0.26 0.12
2 EpHE -0.52" -0.11 0.08 -0.01 -0.11 -0.01
A B -0.48" -0.53" -0.46" 0.18 0.66™ 0.18
T HEg 0.20 0.25 0.37 -0.76" -0.73" -0.71"
e SEEiNyiy -0.15 -0.14 -0.29 0.84™" 0.93"" 0.84™
TR -0.15 -0.14 -0.29 0.64” 0.73" 0.64™
AR BB -0.57" -0.67" -0.82" 0.78" 0.89™ 0.77"
ABEA g 0.10 0.49" 0.34 -0.06 -0.52" -0.06
L Ip e i 0.09 0.48" 0.31 —0.13 -0.51" -0.13
e B EEIE £ PR (n=3). “HP<0.05, "HP<0.01, "HP<0.001.
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232 AEMAe LB AN 1200 #k/hm* ( 2.57). %K EF&, 1800 Fk/hm* #k

2% 6 IIAL, ASEMO 59 08 V& 9 Fn + 8 4r K
RENfAEES, P ERFMREEEM D, £
ik 1800 Fi/hm* (0.81) >2500 £k/hm? (0.91) >

3 B8 Ve A R SRR K RE D B, 1200 BR/hm? Y
Mo

#z6 ARERBEBEELAANIKNEAZDILEFKEASZEEN
Table 6 Comprehensive evaluation of litter and soil water retention in C. lanceolata plantation with different retention densities
TR/ Ja7EY IEHEYICIN Ty IARL A TIEBE TR EE oih o
(k-hm?) WA i Fk i EER Fik i Fk i Fik i W HEF
1200 0.42 0.32 0.39 0.36 0.36 0.73 2.57 3
1800 0.13 0.07 0.08 0.06 0.06 0.41 0.81 1
2500 0.08 0.12 0.20 0.15 0.15 0.21 0.91 2

3 @RSt

U8 75 W) J2 2 AR B K T2 BE 19 26 2 M PE
2, JERAF MK CIIRERY EE R AR, HARK
PEREZ BT VI IAE I . R . Sk . W
P2l R A 2 R IR RG22, 3 F RRAE AT
RO FN TARA K R G S ZE R B ™,
X FRAACHA IR K IR BE ) A % B W A OGRS
O, I A RO BA 8 B T DL AR O IR AR
fF, R . R i, $npk
KRR IE R EDL, AR, AEY AT =
IS 2 B P B8 4% B Ry 3 i i ok, Hodp 11 4R
1200 ¥k/hm? ARA3H H T 2500 #k/hm? AR5 ) BLAT
TR W AN T 30.87% 1 24.92% (£ 2).
X UL HIAE — & M % B Y, 3w DR B
EARFFREYEGRE, X 5E5 W5
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