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Water-holding characteristics of soil-litter at forest
gap of low-efficiency Chinese fir forest

Xiao Bin'*, Yao Jiabao'*, Xu Keqin'?, Yuan Yuan'?, Ding Ying'’®, Cai Zongming'"*
(1.Subtropical Forestry Experimental Center , Chinese Academy of Forestry, Fenyi, Jiangxi 336600, China ;

2.Jiangxi Key Laboratory of Biodiversity Conservation and Resource Utilization s Fenyi, Jiangxi 336600, China)

Abstract: [ Objective] The water holding characteristics of soil and litter in low-efficiency of Chinese fir trees
with different gap sizes and ages were investigated to provide a theoretical basis for improving the tree quality
in low-efficiency Chinese fir forests. [ Methods] Gap ages of 4, 15, 30, and 50 years were selected based on
the results of the space-time substitution method, and the climax community was used as the control. Four
treatments were set for each gap age: small (<50 m?), medium (50—100 m*®), and large (=100 m?*) gaps,
as well as a non-gap control. The water holding characteristics of soil and litter were determined using the
cutting-ring method, oven drying method, and litter soaking methods, respectively. [ Results] O Only the
gap age had a significant effect on the water-holding characteristics of soil and litter, whereas the gap size and
the interaction between gap age and size had no significant effect. @ The best soil water holding capacity was
observed in the 4-year-forest gap, and the best standing crop, maximum water-holding capacity, maximum
water-holding rate, natural water holding capacity, and effective storage capacity of semi-decomposed litter
was observed in the 15-year-forest gap. @ The water holding rate of litter in different gap ages changed with

soaking time; the middle and large gaps performed the best, and the water-holding capacity of the semi-
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decomposed layer was stronger than that of the undecomposed layer. @ The natural water-holding capacity of

semi-decomposed litter was significantly positively correlated with soil capillary porosity, field water-holding

capacity, and capillary water-holding capacity. [ Conclusion ] The water-holding capacity of soil and litter was

good in the 4 and 15-year-forest gaps. Based on our results, the artificial opening of a medium-sized forest

gap could be used as an important technical means to improve the quality of low-efficiency Chinese fir forest.

Keywords: Chinese fir; forest gap; low-efficiency forest; soil-litter; water holding characteristics
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Table 1 Two-way analysis of variance ( F-value)

B MEeER fekh PR e pmser paokn TS
BD 1.909 0.053 0.966 H o G 4.538"" 1.957 1.112
G, 2.481 0.356 0.639 H o B 18.737° 7" 1.212 1.103
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Table 2 Soil physical properties of different forest gap ages and sizes

WEFEWE/a MREZE AEBD) /(g cm ®) BILBRIE G,/ % EBELREG,) /% EBELRE G, /%
YNz 1.2540.10M 51.712.90™ 44.7546.78M 6.97 44,117
hbk g 1.2040.06™ 53.64+2.00" 48.51+2.34 5.14 40,3848
! KIE 1.214+0.02% 53.45+1.21% 44.694-0.60" 8.76+1.81"
PO 1.3140.08 50.4242.78% 44.38+2.58" 6.05+£3.58"%
IR 1.3240.04% 50.441.89% 44.9540.97 5.454+1.14%
e N7 1.2840.06M% 50,361,774 45.4540.76"% 4,9142.06
b PN 1.3240.16 48.5944.87 45.004-4.36" 3.59+0.71%
PO 1.2540.05" 51.3842.21% 46.1141.87" 5.27+0.355%
AN N 1.3040.02% 50.50+1.16% 46.08+1.46" 4.434+0.62
bR 1.264+0.05™ 51.1141.82" 47.984-2.44M 3.1340.64™
30 PN 1.280.06" 50.57 44.03" 46.784-3.17" 3.7941.12"
PO 1.3140.038 50.3240.12% 47.1540.62% 3.17+£0.70"
AN N 1.2440.21% 46.96+3.51" 39.4244.027 7.5347.19"
N7 1.37£0.04 46.534+2.89™ 40.854-3.81™ 5.6841.16"
o0 NN 1.354+0.19% 46.94+9.12% 40.69+3.56 6.25+5.59"
PO 1.2340.148% 51.00+3.63% 38.94+2.65% 12.0644.66"
To A V% Xt 1 1.13£0.11° 53.8843.99" 41.1241.75" 12.77+£4.15"
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Table 3  Soil water holding characteristics of different forest gap ages and sizes

BRI e )ﬁi{ﬁﬂiﬁ% )/ E’éjtz‘%kl;i(lc)wm)/ %%(f%‘vkki(lc)‘m )/ Eﬂl‘Fﬂ(%ﬂ;i(gl )/
g ke g kg g ke g kg
IR 260.96+ 37,54 419.58453.03" 364.74+80.76 329.30+70.99™
A LRF Nz 296.40 733,204 454.77430.95% 410.67 4 33.57 370.13£24.81%
KA 262.35430.98" 453.22+15.27M 376.3943.51" 334.53+6.62"
xf R 259.5246.47™ 388.47448.64% 341.624-30.69% 307.23421.82%
NN 276.18£19.01 384.26+25.26M 342.12417.08" 315.3614.96
15 GRK N 258.97 4 28.294% 397.21428.124% 357.14419.06" 330.14 422,23
PN 232.784-46.14" 378.05478.73M 349.564-70.78" 317.68478.96
xf T 273.4428.697 412.92431.98% 370.67427.42% 343.62427.48
IR 295.4347.05% 370.62413.14 352.0013.77% 332.82412.42"
30 LRy N ) 312.334-30.06" 407.194:29.70 382.264-33.697 368.30434.98
PN N 303.25432.87* 399.57456.66" 368.85446.83 347.44437.44%
PO 296.02415.77" 386.0047.78% 361.534+11.58" 345.4849.17%
N 259.034-20.54% 391.704105.83" 320.5930.63 220.32+13.89
50 kA 253.18E25.46™ 341.70+30.89™ 299.50+36.63™ 196.46438.78™
PN 261.64441.75M 358.36123.57™ 307.44+72.26™ 204.78+59.25™
PO 261.7447.26™ 425.241+86.41" 320.63432.98" 202.47423.43%
o025 7 V% PO 255.09+18.51" 468.07480.37" 358.21435.20" 231.41+14.41°
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Table 4 Litter standing crop, interception and water holding capacity of different forest gap ages and sizes

Wi Mm BERAFEOD/Gobm D) RAHAR(H /b ?)

BRFKER ) [

ARFKRH) /(e hm™") AHEERQ,)/(thm™?)

Hha R Fo o Ko o Ko R N Yo Ko o
KRB 051036 8.76£0.5750 0,870,614 14.14£0.89%  1.88x0.11  1.90£0.23%  0.05+0.03% 0870062 0.76£0.537 15,141,778
. PHRE 02810035 S.04E145%  0.4620.065  14.22£2.03%  1.8620.084% 1.9640.22¢  0.03£0.01%  0.74£0.245Y  0.41£0.06%  15.56£2.20%
KAE 0,360,235 103120972 0.6420.41%%  18.2624.53%  2.08£0.0975 2.18£0.15% 0,040,032 190,744 0.57£0.36%  21.08£4.574¢
AR 0.8120.43%  TI3ELIE 132E0.617 1259£3.235% 1860182 1.92£0.16%  0.08£0.04% 06520125 115£0.532  13.6243.785CP
ABRE 0.2120.084%  12.1240.58%  0.39£0.144%  25.1941.95%  2.08£0.03%%  2.29£0.18%  0.0240.014"  1.124£0.094  0.35£0.13%> 22,371,824
5 PHRE 03240435 12.68£1.30%  0.59£0.70%  25.26+3.63  311E1.44M 3174020 0,050,042 1.40£0.1645 055506050 22.38+3.24M
KAE 0.1920.08% 121422492 0.3720.09A%  225716.12%  2.35£0.74A%  2.3620.28%  0.02£0.014" 12320164 0,330,072 19.98£5.494¢
AR 09020404 1161E151%  146£0.554 225911584 1.88£0.13%%  2.22£0.18%  0.1040.04%%  1.374£0.36%  1.29£0.48%  20.23£1.504¢
MRE 11820794 348£1.08% 2,36 L74A% §19£2.42%  211£0.132 3.25£0.394%  0.08£0.054¢  0.92£0.284 2071534 8.23+2.38¢
, PHRE 04810245 52241199 10120494 11.78£2.55%  2.274£0.0748 3.05£0.19  0.04£0.0245 1.2720.42%  0.89£0.4348 11.56+2.695
30 23 an-ln 44 ABa 29Ba or L Aa b 94 Ba 9 4 ABb ¥ 11 Aa Aa 9L Aa 1 cAa L 7cBa
KAE 0.70£0.4448 £,11£0.32 1.3520.86%  9.63+0.34 2.0020,08° 3.4940.41 0.04£0.03%  1.3240.15 1.18£0.75%  10.16£0.75
A L50L1.044 3810845 2591624 8.59£2.05%  193E0.12A%  3.04£0.07A% 01310134 0.98£0.225  2.27£1.43%  §.51£2,02°P0
MERE L2620.76%  419£1.21%  L79EL12A 8.85£2.63%  LA9E0.16%  2.26£0.09%  0.08£0.05%¢  0.28£0.07% 15420974 7.76+2.30¢
. PHRE 13120448 4.3550.89% 18610434 10331875 15720154 2.56£0.07%  0.10£0.054 0,300,065 1.60£0.374 9,104 1.64<
’ KME  L14£0574 2.61£116%  1.52£0.69A* 5752725 L44£0.11%  2.38£0.18%  0.0740.04%¢ 02320165 13120594 51142478
SR L05ET0.34% 3561090 LISE0.73M 8.04£2.12%  136£0.03%  2.43£0.02% 0,060,014 0.2620.04" 09820072 7.09£1.85
TgEE MR 1050342 7.50£2.478 14020437 17.1525.43%8  143£0.04%  2.47£0.22%  0.07£0.03%  052£0.19¢  1.20£0.37 15,114,804
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Fig.2 Correlation analysis of water holding characteristics between soil and litters

AT A T B 25 B ARk 5 AN A2 AR MK B AT
BOOE LR P 8 R VR W KRR L R MK AT 1
Xt A IR V5 0 00 RE 7K R S i AT B S R, X T g
T2 B A AT AT 1% 1 15 L BN B R S B A T R
i%Mi%zﬂ%Eﬁﬁﬁﬁ%%ﬁﬁ%ﬁmﬁﬁ
S35, Hok AT BE R B 5 IX S N N SR A T 25 5L g
[ S R R 7/ G (N - K. R Y N - N NS
AR RN K R s W 0 e KRR T T B RS e, R
IRT RS LW A NN R IR D TR 2 N 1= N (TN
/N 3X 556 R B I BIE 5 45 ROR TR, TT R R
AR I AL(100~1 600 m?) 22 5 K, RN A8 35 5 B ik
T L 3 BN - HEE KRR T B e B R G
32 AEAMEEFR . EBRXIMMEARKLER AR

WEKEFERBRMENT

AT T v A PR A 1 bR 7 R 6T R ] 3R K
FEMEA B 25,50 a MARE REK R ZE 4 a PARE
. BEEFE R 50 a MRE MY ZHEMFEEES
IBERRE  Fh ] 58 /N 5 4 a PRGT AR W Pl 1] 38 4 K,
FOMR R o eSS R, SR E KRR T, CLC
Kern %570 97 3 B oo T 6 IR0 38 R, AR
AP T N2 FE 1 L R, Dirzo 28580 % 30 B A 48 W) 75 Ak
# W] Shannon-Weaver £ F£ P45 50 W] b T 5. Fifi
A I 1E] 1R HE S A2 AR HRT I ST PR B PN A ) DA, - 358 v i
WL 7K 43 B 22, Z% 19 A FH 5 68 BRI AR 7 A Lt B8 o B
. 52805 — 800 82 KRR T Wk o i BT
IREKEE R E S TR T RE S A 2 45 A e
W22 AL LA 38 8 B, RERE 5 2 K 4. 4 a

F2 AR X I T 5 A 7 YA 9 0 5 A R P 200, R
AR T I 30 A 9 W Ak K R S B AR 7 R A
G AP DRI A R — B BRI VR W O
SRR F A U I W R K RE )2 2 A A
AW AL R 2 L A T B B LT ELAE A DL L
W 53 e R JEE A5 DR R T AR T 5 R WD 08 B AL O K )
RO EFE KM 4F 1 15 a rho AR 6 08 95 9 2 43 i R

Pt BRI A B R K A A AR R K B AT A
&L T Al A A

PR TE W) 1 i AT A e 3 R Y K SRR
AR I I i AR ek S LR
FLBREE CH K BB R K R IE M A e, UL
23 figt UR 95 0 1T ek s A R R A LR L 2R 4 in 4 18
FoKRMEEYEER RS THY KRS X5
X BCAE S S — B A R R I e ), R
FHEZ AR MR N L HE X 7K 43 B it 7 fiE
33 AEMEERKR.E kl]\ﬂ,%%ﬁmifﬁﬁm@

B e 2 4L

FEAKCRIERAE A VE WK e I E Z R A2 —
A 3 V5 9 B T ) A5 A n] LA O 9 B H K g T
MG AR BV MR R AE 1 h MR TR,
M7E 2 h J5 FE/K 68 14 S0 38 K 19 8 %, Shi Rui
SRR T R W R AR A RAZ R PR V5 B R /K 3R 76 0.5 h
Z 10 h WRZK 200 EF- i 12 h JFREKRILTF %
A BRIEESY BESE R B R AAMRFE 0.25 h Y I
TR K R IE IS B b, 1 5 B W TR AR A
ST OB 2 3 i 2 R KR & T ok 2 Rk R



52 K R E

545 &

LT RIRKAERZ A, 5 AR R AP % ) 5
IKRETT RS A RAR S R e i R . BF 5838 K B
50 a ARBT AN [A] /N 9 W 5 K AR A 3 — B, ok
TR R K RS A H T AR5 K o o Ak 4 3
R, e e A

4 5

(D MR W .4 a PRG35 K PR A,
Xk b B 9 ) R O3 i R K PERCHF 015 a rRORRET 2 4y
fifk U8 5 W BRAT i B R K IR B KRR KR L H AR R K
A LT A AL R

(2) F2AR A MR AR % U v 0 Wit 9 96 1 [ A2 4k L Ff
KA LI ARET L IObK BT R B AR B, 28 O3 i )2 1K BE )
TR RIZ

(3) WY A AR KRS I RKBE TS
AT P2 3 o 1 I 38 IR G G AR Rk B L
AHTHED AR,

2 2 3Tk ( References)

(1] BIREAZ, WL SR, 55 A2 AT B RS [F) A4 i o) £ 58
o RN IR T 2 HEE R, 2011,42(4) 1 948-952,
Ge Le, Yu Mukui, Cheng Xiangrong, et al. Preliminary
studies on improvement effect of interplantation different
trees in Chinese-fir forest on soil physical and chemical
properties [ J]. Chinese Journal of Soil Science, 2011,42
(4):948-952.

[2] ZR¥.HREAAARET 4F W T AR A 4 2 FE L -3 B Ak
PR S iR AL Az R AR B 2w (DL a1 k<22 . g )1 A
Ak K2 ,2020.
Li Tianling. Effects of gap age and area of Pinus massoniana
on plant diversity, physical and chemical properties of soil

LD
Yaan, Sichuan:Sichuan Agricultural University, 2020.

(3] RIB RFT, &G4, G U ESRLE 5 L RF
AGA FRAE L) ] AR JE ol K272 4R . 2024, 52(5) £ 28-33.
Yuan Yuan, Xu Keqin, Zeng Pingsheng, et al. Photo-

and stoichiometric characteristics of camphor

synthetic characteristics of five restoration tree species in
subtropical ecosystems [J]. Journal of Northeast Forestry
University, 2024,52(5) :28-33.
(4] ARPREIL K 3 Sk I - AObK B3 X0 48 9 1 V% 587 F ) b &2
FEERISZ R [ D], 1l B TE K%, 2017,
Lin Qingkai. Effects of gaps on the plants regeneration
and species diversity in Tiantong evergreen broad-leaved
forest [D]. Shanghai: East China Normal University, 2017.
[5] B, FF%, R R ME TIN5 HMAFHEST]
VA . 2005,25(5) 1 419-423.
Duan Renyan, Wang Xiaoan, Wu Ganlin. Gap disturb-

ance and forest community succession [ J]. Guihaia,

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

2005,25(5):419-423.

=3 R AABR G R AE S AR A T RE A s (D],
BUM SRR BN R, 2022,

Lan Xue. Gap Characteristics of gap in Pinus massoniana
and its effects on soil ecological function [ D]. Guiyang
Guizhou: Guizhou University, 2022,

X B BB T AR W AR AR X B B AR 2 ) a3 A A K
KA WML ] A AO R 22 4], 2024, 46 (2) : 9-17.
Liu Chang. Lu Qi, Wang Shengcai. et al. Effects of forest
gaps on spatial distribution and growth of Phellodendron
amurense saplings []J]. Journal of Beijing Forestry University,
2024,46(2) :9-17.

XUVEF %, 5 AT 0, WA I&T 55 R o AR B IR B0 B8 R AIE B 40
TR LT, 74 Mol K22 22 4R CH AR BEE L 2022, 42
(5):56-63.

Liu Haiying, Jiang Zhonglong, Yao Rentu, et al. Micro-
environment characteristics and dynamic regeneration of
seedlings in Schima superba forest gaps [J]. Journal of
Southwest Forestry University ( Natural Sciences ),
2022,42(5) :56-63.

Yang X, Long Y. Sarkar B, et al. Influence of soil
microorganisms and physicochemical properties.on plant
diversity in an arid desert of Western Chinal[ ]J]. Journal
of Forestry Research, 2021,32(6) :2645-2659.

Bk SR PR AR ARV B S RS N ARk

(PNANAOEI- 7/ EZ S iR we: $2 KA iR A I IMEN B

Al K224, 2023,41(2) :185-192.

Zeng Hong, Wu Yuru. Zhong Xinyi, et al. Effects of

different gap sizes of Pinus massoniana plantation on

plant diversity and soil physicochemical properties in
the West China rain zone [ ] ]. Journal of Sichuan

Agricultural University, 2023,41(2) :185-192.

R o B N B W s O I N B N

b R KM BR A 52w [ 100 1 5 BRI A 2 4. 2018,

24(5):1171-1178.

Yang Tinghui, Qi Kaibin, Huang Junsheng, et al.
Effects of different sizes of simulated gaps on the soil
water-holding capacity of a Picea asperata plantation
[J]. Chinese Journal of Applied and Environmental
Biology, 2018,24(5):1171-1178.

MR, P, SR B A (R R T R A B )
SRR N e A AR 2o TR I 0 W S N N e =
2017,34(5) :808-815.

Chu Xin, Pan Ping, Guo Liling, et al. Comparing
water-holding capacity in forest litter and soils for an
aerially seeded Pinus massoniana plantation with different
stand densities [J]. Journal of Zhejiang A &. F University,
2017,34(5) :808-815.

Putuhena W M, Cordery 1. Estimation of interception



5% 2

F A AR RS A MROBR 1 30— U v 0 B R K A 53

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

capacity of the forest floor[ J]. Journal of Hydrology,
1996.,180(1-4) :283-299.

1 12 % LD BLBUAZ AR TR V& B B L 347K g 0 oF
FED ] A5 ALt boll K2 . 2013,

Yang Junling. Study on litter and soil water holding
capacity of several typical Chinese fir plantations [D].
Beijing: Beijing Forestry University, 2013.

XA F¢ R 9, JH [ e, 55 431 Ll 3 b AN ] it B B
FRARYA e 0 (9 45 K 5 0k LT AR B 5%, 2013, 49 (9)
8-15.

Liu Xiaodong, Qiao Yuna, Zhou Guoyi, et al. Water-
holding characteristics of litters in three forests at
different successional stages in Dinghushan [J]. Scientia
Silvae Sinicae, 2013,49(9) .8-15.

{8 A THE 5 5% 58 AR 1 T AL L 45 1) AR RbK 43 24 20 %F 2% b 9
5 ) At 0 e R KT BB B9 52 i [ ] W TR bR O o A
#.2021,38(2) :320-328.

Jian Yongqi, Wu Jiasen, Sheng Weixing, et al. Effects
of thinning and stand types on litter stock and soil
water-holding capacity [J]. Journal of Zhejiang A & F
University, 2021,38(2) :320-328.

R BB 2 2R, A B 3 M A [ A A L U
B 3% Wy R oKk ke M LT 0 1 el R 4 4 4, 2012, 30
(1) :24-29.

Wang Jingyan, Hu Tingxing., Gong Wei, et al. Water-
holding characteristics of soil and litter in several slope
farmlands with different de-farming patterns in Southern
Sichuan Province of China [J]. Journal of Sichuan
Agricultural University, 2012,30(1) :24-29.

TR AR XS SRS AR bR P ) — A S A
FREMSZEM D] L AR 284 I AR Rl K4, 2023.

Su Wei. Effects of forest gaps on the ecological chemo-
metric characteristics of litter-soil in Pinusdensi flora
Sieb. and Robinia pseudoacacia L. forests [D]. Tai” an,
Shandong: Shandong Agricultural University, 2023.
Watt A. Pattern and process in the plant community
[J]. Journal of Ecology, 1947,35:1-22.

Kern C C, D’ Amato A W, Strong T F. Diversifying the
composition and structure of managed, late-successional
forests with harvest gaps: What is the optimal gap size?
[J]. Forest Ecology and Management, 2013, 304:
110-120.

S WY T AE 22 B AR L SRR T X R VR W 4 A o AR o A
IRFIE S A 2 AR P Y 52 [T ] A4 S R BE 2 41, 2015,
24(8):1287-1294.

Zhang Mingjin, Zhang Jian, Ji Tuowei, et al. Influence
of forest gap on bacterial community structure and
diversity during litter decomposition [J]. Ecology and
Environmental Sciences, 2015,24(8):1287-1294.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Prescott C E, Hope G D, Blevins L L. Effect of gap
size on litter decomposition and soil nitrate. concentra-
tions in a high-elevation spruce fir forest [J]. Canadian
Journal of Forest Research, 2003,33(11):2210-2220.

EEEU, TRER T DL 2 A AR 7 W K M S R

Liang Fengna, Zhang Jinxin, Shen Yazhi, et al. Analysis
on the water holding capacity of forest litter and its influ-
encing factors [J]. Tropical Agricultural Engineering,
2019,43(1):101-102.

G TR HE 2 S5 B MROG PR R B H A S AR
(It Al A= 241, 2023, 42(2) - 38-47.

Jin Peng, Xu Ming, Ran Fuju, et al. Characteristics of
forest light environment and its ecological effects [J].
Journal of Mountain Agriculture and Biology, 2023,42
(2):38-47.

2P k)T A MR S SCROPK B R AR S T 1 B
JELIT A AR A 5T . 2021,34(5) :58-63.

Li Yuling, Zhang Guanggi. Forest gap definition and

St

biid

forest gap characteristics measurement methods [J].
World Forestry Research, 2021,34(5) :58-63.

LA, B ST BR800 B 5 25 34 [ . At SR MOl F Y
2016,29(6):48-53.

Wang Zhuomin, Xue Li. A review on effects of forest
gap [J]. World Forestry Research, 2016,29(6) :48-53.
HLMR B L AR AR O RIS R R AR N TR Y 5
G L L)W IL AR MK 2 4, 2015, 32(3) : 353-360.
Chao Lin, Hong Tao, Li Jian, et al. Intraspecific
competition in a Cunninghamia lanceolata plantation
with different age and diameter classes [J]. Journal of
Zhejiang A & F University, 2015,32(3) :353-360.
Dirzo R, Horvitz C C, Quevedo H, et al. The effects
of gap size and age on the understorey herb community
of a tropical Mexican rain forest [J]. The Journal of
Ecology, 1992,80(4) :809.

TRBE, TR ER R AR R 2 RS IR AR AR RS RN
T K SCRIORE LT MOl B 2 WF 52 L 2021, 34(6)
81-89.

Zhang Ying, Xu Qing, Gao Deqiang, et al. Hydrological
effects of litters in different types of cunninghamia
lanceolata plantations in Huitong of Hunan, China [J].
Forest Research, 2021,34(6):81-89.

TERARL, B VR A T 45 2R AR UE V& W 4 A 52 T PR 3R
g o [T 0. 4675 B 2, 2022(4) . 126-132.

Wang Xingxing, Liao Wenhai, Xu Zuyuan, et al. Re-
search progress of influencing factors affecting forest
litter decomposition [J]. Northern Horticulture, 2022
(4):126-132.

(T#% 63 W)



%2l XS T 2 < A T o A TR S8 N T R A T TR )2 2 K 43 B 2 R 63
2024,43(3) ;68-75. [26] XBA:-U ok KR, BR2E A2 L 55 A [a) A Fol VR 58 bk B JHE 4l pk

(22]

(23]

[24]

[25]

HH o PR B U W RE T R 2 R AR AR 2 AT
[T0.Be P Al Bk, 2024, 70(6) : 58-62.

Dong Yugong. Analysis of species diversity characteristics
of plant communities in Loess Plateau of Northern Shaanxi
[J]. Shaanxi Journal of Agricultural Sciences, 2024 ,70
(6):58-62.

RER, RS IR, S0 T T A A R
R 75 1 1 B BURAE SRR MR RE LT . K AR5 4
2019,39(4) :76-81.

Zhang Baoqi,» Wang Zhongyu, Yang Yanfen. et al.
Accumulation and water-holding capacity of typical
shrub woodland litters in loess hilly region [J]. Bulletin
of Soil and Water Conservation, 2019,39(4):76-81.

5K i L L R R T R LA R AR K 5K R AR
PERFFELD], BRVE 475 « PU LR ARFHL K%, 2006.
Zhang Yiwang. Research on the growth and water eco-
logical characteristics of mountain almond populations in
the semi-arid region of the Loess Plateau [ D]. Yangling.,
Shaanxi: Northwest Agriculture and Forestry University,
2006.

R B BAR . Lk LD A i ORFE K R RS LT ] PG L
Y24, 1996,16(6) : 92-94.

Han Ruilian, Hou Qingchun. Study on water consumption
characteristics of mountain peach and mountain apricot
[J1 Acta
Sinica, 1996,16(6) :92-94.

seedlings Botanica Boreali-Occidentalia

[27]

[28]

[29]

of g FRA A B e B T 5 D 10 AR A 24 4, 1994, 5
(2):126-132.
Deng Shijian, et al.

Chen Chuying,

Effects of mixed forests of different tree species and

Zhang Jiawu,

pure forests on soil physical and chemical properties
[J]. Applied Ecology, 1994,5(2) :126-132.

K B VG Ml XV A SRR AR TR 2 bR 5 A Sl bR G T 3 K
PE K SO BAF 5 [T . P 52 ot Mol 978 £ 5231, 2023, 46
(4):26-28.

Zhang Qiang. Water content and fire test of litter in
Pinus tabulaeformis and Quercus acutissima mixed
forest and Pinus tabulaeformis pure forest in Western
Liaoning Province [ J]. Inner Mongolia Forestry Inves-
tigation and Design, 2023,46(4) :26-28.

fl 7R D A T 0 XK R E R R A L) AR
e 75 ,2013(18) : 12,

He Jiandong. Investigation on the role of sea buckthorn
in soil and water conservation in arid mountainous area
[J]. Xiandai Horticulture, 2013(18):12.

W R R TTH A R X R AR oK U TR R
DIREITM ()] K R FFE 4 . 2021,41(1) :197-205.

Ai Biao, Huang Yun, Zhu Yuanhao, et al. Evaluation
of water conservation capacity of litter and soil layer in
typical forest stands in hilly region of Southern Jiangxi
Province [ J]. Bulletin of Soil and Water Conservation,

2021,41(1):197-205.

[31]

[32]

[33]

(E4#% 53 70
IV XI5 B8 o AA] 55 22 A5 AT L 30 A 4 o AR bk S A
B 7K B TR D RE PE M LT ] K - AR $F B 5T, 2017, 24 (4)
337-341.
Sun Hao, Liu Xiaoyong, He Qifa, et al. Assessments
of four types of forests on soil water conservation func-
tions in the upper reaches of Xiu River [J]. Research of
Soil and Water Conservation,2 017,24(4) :337-341.
226, BRI, 4 B L A5 [ 4 B AN N ARG VE
AR S BRAG A ST A S R [T ] K AR AR A 4, 2022,
36(2):368-377.
Li Peng. Chen Xuan. Yang Zhangqi, et al. Effects of
litter input on soil physical and chemical properties of
Pinus massoniana plantations with different densities
[J]. Journal of Soil and Water Conservation, 2022, 36
(2):368-377.
X, AR T A A TR L R A 2 T
T A L ek SOV LT K R R RIS, 2024, 31 (1)
241-249.
Zhao Min, Dai Quanhou, Yan Youjin, et al. Litter and

soil hydrological effects of typical vegetation types in

[34]

[35]

[36]

Karst Mountains [J]. Research of Soil and Water Con-
servation, 2024,31(1):241-249.

Witk AT, ARG L 4. 5% B T AN [] AR £ B2 A bR U4 7% 0 ik
LA AKREPELT LK R AR5, 2018,25(6) : 146-151.
Chen Jin, Xu Ming, Zou Xiao, et al. Litter layer re-
serve and water holding capacity of Pinus massoniana
in different successional stages in Guiyang [J]. Re-
search of Soil and Water Conservation, 2018,25(6):
146-151.

Shi Rui, Li Biao, Liu Shaoxiong, et al. Water holding
characteristics of litters from different ecological public
welfare forest types [C] // Proceedings of the 2nd
International Conference on Green Materials and Envi-
20-21, 2015,

Atlantis

ronmental Engineering. December

Phuket, Thailand. Paris,
2015:55-59.

ZEIF RS TR TR U 9 0 T2 5 K R O B HG 5 ma R 3R O
FELDL BN BER . 5 K2 . 2021,

Li Kaifeng. Study on the water holding capacity of

France: Press,

different leaf litter layers and its influencing factors

[D]. Guiyang, Guizhou: Guizhou University, 2021.



