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Hydrological Effects of Litter after Conversion of Pure Cunninghamia lanceolata forests to
Cunninghamia lanceolata-Phoebe bournei Complex Forests

Abstract: [Objective] To investigate the hydrological effects of litter after the conversion of pure Cunninghamia lanceolata forests
to Cunninghamia lanceolata- Phoebe bournei complex forests, and to provide a theoretical basis for elucidating the ecological
functions of Cunninghamia lanceolata complex forests and the near-natural management of Cunninghamia lanceolata. [ Method]

Four kinds of Cunninghamia lanceolata pure forests in Shunchang County with different intercrop retention densities were selected to
set seeding of Phoebe bournei to be converted into Cunninghamia lanceolata- Phoebe complex forests, and the Cunninghamia
lanceolata pure forests were used as the control. Litter were investigated and collected on the forest floor, and hydrological
characteristics such as litter layer litter accumulation, water holding rate, storage capacity, water holding capacity, and so on, were
determined to analyze the water effects of litter in Cunninghamia lanceolata- Phoebe complex complex forests with different
Cunninghamia lanceolata retention densities. [Result] The results showed that (1) the total volume of litter was D65 >D55>CK>
D35> D23. Under the same density of heather, the cedar retention density had a significant effect on the volume of litter in
Cunninghamia lanceolata- Phoebe dipterocarp forests, and with the increase of cedar retention density, the volume of litter in
dipterocarp forests increased, and the ratio of the volume of litter in the semi-decomposed layer to the total volume was higher than
that of the non-decomposed layer; (2) Under different soaking times, the water holding capacity of apomictic litter in the semi-

decomposed layer was D65 >D55> Ck > D35> D23, and that in the undecomposed layer was D65 > D55 > Ck > D35 > D23.
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Apomictic litter in the understorey of compound-storey forests with different retention densities of cedar trees had the fastest rate of
water absorption from 0 to 4h, and the maximal water holding capacity and the maximal rate of water holding were greater in the semi-
decomposed than the undecomposed layer, which increased with increasing Cunninghamia lanceolata densities. The maximum water
holding capacity and maximum water holding rate were greater in the semi-decomposed layer than in the undecomposed layer, and
both increased with the increase of Cunninghamia lanceolata density; (3) The maximum retention rate varied from 188.12% to
233.54%, and the effective retention amount ranged from 24.39 t-hm™ to 48.54 t-hm, all of which were the highest in the compound
forest with the highest density of cedar trees. The litterr storage volume in the density of 55 cedar trees/mu and 65 cedar trees/mu was
1.37 and 1.38 times higher than that of the Cunninghamia lanceolata in the pure forest, respectively. The increase in litter water holding
capacity, the maximum storage capacity and effective storage capacity were significantly higher, indicating that the litter layer of
Cunninghamia lanceolata- Phoebe complex forests has a stronger capacity to store precipitation compared with Cunninghamia
lanceolata pure forests. [ Conclusion] There were some differences in the initial hydrological effects after the conversion of
Cunninghamia lanceolata pure forest to Cunninghamia lanceolata- Phoebe complex complex forest, and the hydrological function of
cedar-heath complex forest with high Cunninghamia lanceolata retention density was better than that of Cunninghamia lanceolata
pure forest. Compared with the Cunninghamia lanceolata forest, the volume of apomictic storage was 1.37 and 1.38 times higher than
that of the Cunninghamia lanceolata forest in D55 and D65 densities, respectively, and the water holding rate of apomictic storage
increased, and the maximum storage capacity and effective storage capacity were significantly higher, indicating that the apomictic
layer of mixed coniferous and broadleaf forests had a stronger ability to store precipitation compared with the pure Cunninghamia
lanceolata forest. The volume of apomictic storage, the water holding capacity and the water holding ability of D65 densities were the
most advantageous ones among the five densities. The storage capacity, water holding performance and water holding capacity of D65
density were the most favorable among the five densities. In future afforestation management, it is recommended to realize the
enhancement of ecohydrological function by creating suitable density of mixed forests and cooperating with corresponding forest
management measures. Meanwhile, in future management of plantation forests, we should try to avoid the creation of pure forests, and
consider the benefits brought by the planting of multi-species trees.

Key words: Cunninghamia lanceolata; Undergrowth planting;complex forest;litter; hydrological functions
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Tab.1 Basic characteristics of the three sampling plots
AT M E AT TASTE EI0 5 A2 i 4%

MR Wi NS
MAr2KEAY Forest type Average tree 1% Mean Average tree Mean
Altitude/m Aspect Agela
height/m DBH/cm height/m DBH/cm
CKAZALLI 295.3 K 26 11.7 25.3
D23:23 12K +75 ffiA 247.2 =) 26/5 151 27.6 3.6 3.1
D35:35 2K +75 ffi A 268.7 =) 26/5 17.0 29.0 3.8 2.8
D55:55 12K +75 ffi A 252.7 =) 26/5 16.1 26.5 2.8 17
D65:65 12K +75 ffiA 289.5 =) 26/5 17.6 28.2 35 2.3
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3.1 FRIZERARKALEMINEEMEHES T
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Tab.2 Litter characteristics and accumulation in Cunninghamia lanceolata plantations with different retention densities
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R = RIR I
MERE Half-decomposed layer Un-decomposed layer
o2 _
Total accumulation/ EE EE
Forest type ) 7B A LA ) 7R AR LA
(thm?) Accumulation/ Accumulation/
Ratio/% Ratio/%
(thm=2) (thm=2)

CKAZ A4l R 18.6340.23b 10.4249.03b 55.93 8.2140.23b 44.07
D23:23 }K 475 A 14.1340.15d 7.5540.03d 53.43 6.5840.14c 46.57
D35:35 #ZK 175 ffiA 16.564).11c 8.4030.03c 50.72 8.1620.13b 49.28
D55:55 #ZK 475 fiiA 25.1640.21a 14.0240.15a 55.72 11.1440.29a 44.28
D65:65 #ZK 175 fiiA 25.6740.37a 14.1840.20a 55.24 11.4940.43a 44.76

e FSIAFNG FREORA RN KR R EE (P<0.05) .

Note:Different small letters in the same column meant significant difference at 0.05 level among different stand types.
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Fig.1 Relationship between apoplastic water holding capacity and immersion time in Cunninghamia lanceolata litter with different
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Tab.3 Regression models of deadfall water holding capacity (Y) and immersion time (x) for each forest type

(x) for each forest type
I3 fiR i Bt Decomposition stage 7Y Forest type IR Regression model R=
CK Y=2.15In(X)+14.81 0.9984
D23 Y=1.59In(X)+12.68 0.9964
oy i)z
D35 Y=1.95In(X)+14.98 0.9987
semi-decomposed layer
D55 Y=3.16In(X)+22.70 0.9957
D65 Y=3.13In(X)+24.44 0.9973
CK Y=1.90In(X)+14.03 0.9949
D23 Y=1.43In(X)+9.59 0.9938
D35 Y=1.85In(X)+12.04 0.9932
undecomposed layer
D55 Y=2.55In(X)+17.42 0.9969
D65 Y=2.79In(X)+20.77 0.9962
T T
“c40 —=—CK—e— D23 —A— D35 —x— D55 —*— D65 e 45 —m—CK-—e— D234 D35—x— D55 —*— D65
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= o520 = O
LS S22
&k 615 E'E £
® 2 # 519
@
HEN
© S
25 S gl
% §i§ 2 5 §’<\
=] T E‘ X o — *\i
_? O 1 1 % fIU 0 1 1 hd 1 1 — |
g 0 4 8 12 16 20 24 g 0 4 8 12 16 20 24
= I Time/h = I ] Time/h

2 NEIRBEEZARN IR IIRKER RS RKEE]EX H

Fig. 2 Relationship between water uptake rate and immersion time of Cunninghamia lanceolata litter with different retention

densities
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Tab.4 Regression model of water uptake rate (Y) and water immersion time for each forest type

(X) for each forest type
I3 Bt Decomposition stage A Forest type [A] =457 Regression model R=2

CK Y=14.71X-0.889 0.9999
D23 Y=12.56X-0.883 0.9994

Feoy itk )
D35 Y=14.91X-0.878 0.9999

semi-decomposed layer

D55 Y=22.61X-0.883 0.9999
D65 Y=24.21 X084 0.9991
CK Y=14.02X0.884 0.9999
KRB D23 Y=9.59X-0891 0.9998
undecomposed layer D35 Y=11.99X-0.867 0.9999
D55 Y=17.364X-0863 0.9997
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D65 Y=20.573X-0881 0.9999

3.3 NMREBEZEEMARANLIKEZIFKEE S
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Fig.3 Maximum water holding capacity and maximum water holding rate of litter
AFNG FRER IR A AL &40 JZ7E 0.05 /K F L ZEREE, TE. Different lowercase letters indicate significant differences at the 0.05 level for each

decomposition layer of the different treatments, the same below.
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Fig.4 Maximum retention rate of apoplastic litter in different stand types of fir plantations
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Fig.5 Effective retention of apoplastic litter by decomposition layer in different stand types of fir plantations
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