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Abstract; This study aimed to understand the changes in spatial and temporal dynamics of water conservation in the process
of stand improvement of Pinus massoniana, in order to improve the forest ecological service function. We analyzed the
changes in stand water holding capacity between the control stand and improved stand using thinning intensities of
approximately 20% , 35% , and 50%, in a 22-year-old P. massoniana forest of the Youxi Forest Farm in Fujian Province.
The results showed that forest water conservation by stand improvement significantly increased with time (P < 0.05), and

forest water conservation increased significantly with the increase in thinning intensity after 10 years. Water holding capacity
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of the soil layer accounted for 95.89%—97.18% of the stand water holding capacity. Water holding capacity of the 0—20cm
and 20—40 cm soil layers was not significantly different between the control stand and improved stand during first five years
of stand improvement (P > 0.05) ; however, after 10 years of stand improvement , water holding capacity of both 0—20 ¢m
and 20—40 cm soil layers of the improved stand was significantly higher than the control stand (P < 0.05). Water holding
capacity of the canopy, vegetation, and litter layers accounted for 2.82% (45.64 t/hm*)—4.11% (76.81 t/hm”) of the
stand water holding capacity. In the canopy layer, water holding capacity of the improved stand was significantly higher than
the control stand when stand improvement was >10 years (P < 0.05) ; water holding capacity decreased with inereasing
thinning intensity. In contrast, in the vegetation layer, water holding capacity of the improved stand was significantly lower
than that of the control stand when stand improvement was >5 years (P < 0.05) ; water holding capacity decreased with
increasing thinning intensity. In the litter layer, water holding capacity of the improved stand was significantly higher than
that of the control stand when stand improvement was >5 years (P < 0.05); water holding capacity increased with
increasing thinning intensity. The water holding ratio of the canopy and litter layers increased significantly with time (P <
0.05) , but the water holding ratio of the vegetation layer decreased significantly with timé in the improved stand (P <
0.05). These results indicate that the stand water holding capacity changed dramatically in the early stage of the improved
stand, and the water holding capacity decreased with increasing thinning intensity. Thus, the improved stand was more

beneficial for water conservation over a longer period of time.

Key Words: Pinus massoniana ;stand improvement ; thinning intensity ; water conservation ;spatial and temporal dynamics
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TR AT TR A LR LR AR U R A b U R B AR B R s LBk LR (117°80"—118°60'E,
25°80'—26°40'N) , J& I AP PE IR 2R KU AR 10RO 19.2°C 4R BK 5o 1620 mm, 080 1 4
NELHE 1K 300—600m , )2 50—70 em, ¢ 28°, IRIGARTY 1973 45 A B it BRI S5 AR AR, W00 2
2400 Fk/hm?® , Al 2a J5 1R 775 B 1800—2000 #/hm?, 1985 4EHEAT—WB eIt &, 15 58 % & 1000—1200
BR/hm?, BCHE ARG B2 RIS AR (8 43 LB A 3—4 AT AR AT ), MRGEE )2 S B B A s M A B 2 h R &
(Ilex chinensis Sims) B4 (llex pubescens Hook) \ILITN.( Symplocos sumuntia) JHEHR ( Eurya hebeclados Ling) |
I5AR ( Syzygium buxifolium Hook) .\ A faf 41 ¥ ( Schima superba ) 55 , 5 A AT 15 H ( Dicranopteris dichotoma) , 178
( Melastoma dodecandrum) . "H4¢ B [ ( Diplopterygium chinense) %5 , 73 48N 5 #5747 ( Pleioblastus amarus ) . NIAT
( Phyllostachys viridis ) ZSFFAT ( Pseudosasa amabilis) S92, F#%)ZE 5 B 80—100 cm, 55 % 80%—90%
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1994 4FFEAT AR | PO B AR 26 8 960 Bk /hm? , I 04% 16.2 em SEXIR S 13.4 m AR JE 0.8—
0.9, BARIFEIN Ry SARFE IR 51 B Rl 2N R ARG MRy T2 25 R RR I 5T B AR BE 43 311 50% |
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Table 1 Growth conditions of stand improvement

] 3% T R e/ om AT T B P
Thinning ~ T1PVhm® /() Canopy density DBH of Pinus massoniana DBH of Altingia gracilipes
intensity Area SPe T loor 1999 2004 2014 1994 1999 2004 2014 19990 2004 2014

0 5.2 27 08 08 09 09 185 193 200 217 - 4 -

20 48 25 06 07 08 09 205 220 237 264 32 . 66 129
35 5.6 28 05 07 08 09 226 246 264 292 . 38 715 134
50 4.6 25 04 06 08 09 246 271 294 [ 326 45 91 150

2 WRFE

2.1 FEHbigE
FEH R EOR FH 6 RN BT, B A b B 4 R EE R, Al M B0 20 mx20 m, HEAT 1 16 i,
A3 TG AR (1994 4F) BGE S 5 4 (1999 4F) (BGE A 1014F (2004 4F ) FIEGE /5 56 20 4F (2014 4F) Xt
e T R AR A (LR 1) .
22 FpKEWNE S5
221 FeARERKEE
SHIEGRE TeARZ K R 58 7 o A6 b Vi Y VR AR R A R bR v M R R, R B AR v
A SRR PR I EBURE T P 3 I & K R KR K3 i s MR it Bk, A
WP
W=w(1-p) PN (1)
K, WA HKE (Vhin®) 0 AFREEARELH A EEE (V) ,p HEKFE(%) P RBKFFKFE(%) N HHEA
PREL
2.2.2 MR HELHEZ FE Y 2 H K R E
SRR SR R Z RIS Y 2RI . R ARV XA B 4 S 1 mx
m 8/ INEE 5, R ESURE T VA (4RI A )23 08 7 ) )25 o i JBOREA Il 2 0 5 AR AR KAF7KR il
AR R B2 R Y5 0 25 () A e PRk & AU
W=10000w(1-p)P (2)
K, W IR KR (Vhm?) w ARHERL 1 m* AN A8 2 SRS DR I EEE (1) ,p B EKFE (%), P N KEE
KE(%)
223 HHEREEPKENE
FERAPRAERD T S IS 5 AN IBORE S, 32 425 4 3850 T 0 A7 BORE , BRURE R 23 482 1(0—20 em) FlI
42 2(20—40 om) PHJZWCEERE S AR s [0 a6 22 00 - 9L B BE A = 3 B K S K A 5 42 1
K A7 2 Rk E . A,
W=100HQ,d (3)
A, Wb HHERKE (vhm?) JH 2B (¢ m) ,Q, 8 HIEEERASFFTKER(%) ,d HKKHE(g/em’)
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5 20 4E (2014 4F) BERTH(P < 0.05) . A0 50% B A% 58 5 003 R 23, R 7K TR 35 B AN 1994 4E /Y
(1624.52+24.42) v/hm” B EHFF] 2014 419 (1892.19+21.05) t/hm*( P<0.05) , $£/5 16.48%
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2 ETHESE FAERR R B EZR (P > 0.05), Morik
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sk 9 Cb
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Water conservation/(t/hm?)

1700

1600 |

2004 2014
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%%&%z’g;‘é{u Fig.1 Time dynamics of forest water conservation of Pinus

massoniana with different thinning intensity
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276 0.05) & 8 AN 558 27 1 4 A I il E 1 ) . 3 02 5
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WFR KR BAAAE B E 225 (P <0.05, 8 2) , MU M4 (1994 4F) , 4 FhAL AR I FRK B A Y2 H 32 1>
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2), SESRHEE S (1999 4F) AR RMFKE R R HIZE 1 BESTHER(P <0.05), 122 BEF 5
TSR M T2 A EYZ (P < 0.05) , M52 A H8EZ FE % Y218 o8 #2257 (P > 0.05, &
2) AFE 3 P A B A AR AT R SR MGE 2> K T AERZ ST EZ (P > 0.05) X AR K A 2
MR E S HOEZ ST IEYZ (P > 0.05) . BUE R4 10 4F(2004 4F) 44 )2 Bk HZE 1 W
FHEJZ(P <0.05), 112 2 B &S TMEZ T2 MEED)Z (P < 0.05) ;{H 2B 3 Fpldk kb #
RO K i XARE R ARG 2 > PR TE 0 )2 > AR AR BE 2, I H. 20% F1 35% 5% 5 5 AR 03 AR 43 1 MO 2 5 0K T A
BRI 25 TR B (P < 0.05) 4 B /M5 /K 8 0 AR ORE 2 > AR A 8 2 > TRVE 2 (P > 0.05) . Bk
TEIE S 20 422014 4F) R [RIAE AR SR 25 2 R K AR LRIt J5 56 10 4820, R EMOE 2Rk B B & & T
M HHZFRAEY)Z (P < 0.05)

[F]—JZ AN R AL B R R K AR 22 5 (T 2) o MOE R AEBRGE X947 (1994 4F) Bl g (0 B 138 hn ol 2R
(P < 0.05) ; B 555 5 4 (1999 A7) |, X BEAR MO )2 e 7K AT i T el Ak 4y, IF H 5 35% Fil 50% 58
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Fig.2 Spatial variations of forest water conservation of Pinus massoniana with different thinning intensity

AR B 5 R 3 AH [ B AR5 BE AN TR] 2 U H) 14 1 2 22 57 (P < 0.05) 5 AN[RI/ING SRR 7R 7] J2 AN TR) B A5 BE TR] fr) dil 35 2 57 (P < 0.05)

330 TRl FE A o AN AR S /K IR 7 T Y e 25 Bl 54 Jm)

Bl s o (] A RS , SRR 45 )2 Rk B LU R s 48tk . R 2 T LUE Y, S AR A 7K
FESTTE IR LRI 2 BT LU — EAE 95% U L OB S BRI — BAE 5% LT, B
Ay R JE R AR A A B A 2 R OJRMOR 2 R N AR )2 . RO JZ 4 K R L R B B T 9 T RS 3 S R
(P < 0.05), M3k 20a J& , XF ARG T 51.22% 20% 55 & @i AR HO& AR A3 00 T 204.129% . 35% 53 % i A& ik
TEMATHEIN T 225.56% . 50% 58 B G AR s AR AT TN T 275.00% , AR, KT AR 8% 2 495 7K i Bb o Bl s 1) ) 4
LA, K BEAR Y 20a J5U8/N T 4.17% (P > 0.05) 320%58 B i A i b2/ 1 75.00% ( P<0.05) 535%5%
FE B AR EGE PRI T 77.62% (P < 0.05) 550% 58 FE 5 R EE MR 80 T 79.45% (P < 0.05) . FIEY)=4F
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K HE AR A RO 2 2R, AR R A3 B (RIS B 3 1K (P < 0.05) , Bt 20a J&, 20% 5 5 i
PRSI T 35.59% 35 % 5 J3 B AR M AR 380 T 42.37% . 50% 56 B 5 A0 ARG T 43.33% ; %)
WM AR LA A B, A5 PR BR AR, T4 2 2 Rk L EE R Rl R () 2 B A fbifa 4 (P > 0.05) . +3
JZ 1 K FU L, 209% 5% B 5 A0 AR T 35 % 5% B B AR M0 R 78 20 10a )5 B FRAIK(P < 0.05)

R2 DEMMKHBEFKELRENHNZEHERES

Table 2 Temporal and spatial dynamic pattern of water holding ratio in layers of Pinus massoniana

) A /9% Rk ARIEAEA3H57K L E Water holding ratio in different years
Thinning intensity Layer 1994 1999 2004 2014
0 ST 1.23+0.02a 1.34£0.02b 1.48+0.02¢ 1.86+0.04d
M= 1.44+0.02a 1.44+0.02a 1.36+0.03a 1/38+0.02a
JHVE Y= 0.57+0.00a 0.58+0.00a 0.58+0.02a 0.55%0.02a
+HE 1 54.22+0.37a 54.16£0.29a 53.99+0.23a 53.88+0.19a
+HEE 2 42.55£0.38a 42.49£0.32a 42.61£0.29a 42.34£0.24a
20 VSN 0.97+0.03a 1.31£0.03b 1.7840.02¢ 2.95+0.05d
M )Z 1.44+0.02a 0.98+0.02b 0.62+0.01¢ 0.36+0.00d
Y2 0.59+0.01a 0.70+0.02b 0.79£0.00¢ 0.80+0.01¢
+HEE 1 54.65+0.15a 54.73£0.20a 53.82+0.11b 53.39£0.39h
HHEE 2 42.35+0.19a 42.30+0.25a 43.00+0.09a 42.51+0.36a
35 ST 0.90+0.02a 1.25+0.03b 1.73+0.03¢ 2.93+0.03d
T HIHEZ 1.43+0.03a 0.93%0.01h 0.59+0.01¢ 0.32+0.01d
VR 0.59+0.02a 0.72+0.02b 0.80+0.01¢ 0.84+0.01c¢
R 55.21+0.21a 55.17+0.20a 54.31+0.32b 53.22+0.30¢
2 41.88+0.20a 41.93+0.24a 42.57£0.33a 42.70£0.30a
50 USRS 0.76+0.01a 1.16+0.01b 1.64+0.03¢ 2.85+0.03d
T HBZ 1.46+0.03a 0.92+0.01b 0.57+0.01¢ 0.30+0.01d
Y2 0,60£0.03a 0.74+0.02b 0.82+0.00¢ 0.86+0.00c
TR 54.04+0.04a 54.1020.10a 54.16=0.52a 53.65+0.20a
e 2 43:15+0.05a 43.08+0.12a 42.82+0.53a 42.3620.21a

G5 A [ /NG T E R R BE A7 1 S35 28 5+ (P'<, 0.05)

4 Wit

FARMGE LR R | R T ) BELAE WA | - 3380233 S0 A AR RN A0 IE B /K, & #37K B DR e R U5 1ok 5 2
fELS T AR A AR 2 AR L 2 A I TR R R 2 A 2L TR A B B A SRR L R R A AR
12020 SRR A K BE ) & AR s TR, R AR I e AR A R R A A K R A B
BIASHE SRy, PR OSSR K R TR

AWF5ER I, B AL B AR S SR K A I ] A HERS 2t oo, BAE N0 Sa 5 i (el Aoy S5 K
HRGG = T B B R K R R R OGE 10a 5 B EEE PR SR K R R T RO S KA (P <
0.05),, Ui B AN R H 20% 35% F 509%3 Tl BE i F el it 5 (A SCRios $5 S Fh AW BT T H0) , AR e K
R EARSERAC RS HE o S5 AR (8 7K J50A 35 D RE B IR A3 B HE T, (E7E et 4 10 (ol ot 2448 ) |
B AR P R A R K R ke BRI /DB 22 | i 509% 58 5 B AR, AR A Ak R ket BEAR A2 1.97% (B
32.64 t/hm*) A1 24 F 2445 %F AR b 3Bk B0 60.96% , TR , MK T AR5 A 1 5 18 | 16 T A3 2k
T B — YR B AR B AN R K, 7 kR P IR sl R oR AR 2

AHFFE R, BRI N ZR MO SR K IR ) B B, R AR B R K R 85% LA 1P A 2
ATAE Y, R 1 kRS BE KR I E R (53.2240.30) %—(55.21£0.21) % .+ 2 2 k& Sk E
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FLEE 1Y (41.88+0.20) %—(43.150.05) % , FERf ] I 3 2Rk & L AR R 22 ARt/ N (R4 )2 1
TE 20% 1 35% 38 FE B AR ERE ST, P > 0.05) o PRI TER S AR AR 28 % 225 [] 1) i3 R0F FH B8 R 1 3K 43 1 A8 R
PR BT AMGE 10a J5 (F 2) W BEARANJGIR e R HE2 | i8R 12 2 FpKk o 2 5% T i AR s Ak 4y
(P <0.05), FWIEGE 10 a J5 MM £HZE K FGUKAE 3858, 25 1 P Ul IR el 5 382 B 7K R
TR UIREREAS LR — B R Tl A a5 R i DR ORUEAR 3 /K IR IR = D e AR R HE

AT 3R RE K Y RN R A 25 R GE K IR 7R T BE Y & #E B B eSS o, B
WEIRE A 135853 F5 K AN 5 PR3 K R IR B ) 2.82% (45.64 t/hm® ) —4.11%(76.81 t/hm?*) , {HIEoK
W UE A, 22 D i 2 0 A A PR 25 A0 2 R 78 00 R 45 /K E AR FR T R A oG 20 e 2R R
LA AN A A A e /K S 3 3 R 5 79 P T 0 350 I /K B B 2 R [T 38 R A2 Tl e A A A 17y
KRR 2R Sl - SRt A B A I i - R KRB R A R I 2 A R K R T i
BN 2—5 51, DRI 2t A 98 B B Rk T, R LR K B Ak R B E (P <
0.05) . Bl 2447 (1994 47 ) M5 )2 457K 2t 32 01 04 53 i) i 4 et £t %) R A2 PRI (P < 0.05) , Ak
LB E R TE )2 R R AR AT R BT ol o R bR b b R R K R A B AR
RIS AREHBE N 50% RIS SY , BE SO RTINS A K, 20 10 a J5 , R4 HE 583K 2 (209% 5% 5
R AR A 55.76 v/hm® 35% 58 & B A HCE AR>S 54.65 t/hm”  50% 5 B 5 ARG&E#ST M 53.34 t/hm® ) B
AR ol i PO T A 7K (53.53 t/hm) o [IASE, Fi 2 o ] A 7K R TR RE A S B AR AR A Ak
SR RN T 2K IR R SR D BE B 2 TR EBARAY (P < 0.05) , 4 9IER S 20a J5 &Y 2, W10 T M0E 5
ARSI HEAE T TS0 A0 T HR K R SR B B T B S B A a3 0N (P < 0.05) . T BEAK
A3 A A I P T 118 1 00 R e e P85 AR o ] AR JS A P P, AR T AR 2 B R 2R D Rk K
AERE T R (AN 23 52 M) 30 AR b 3508 43 B B R /K T B T, 403 20 J5 TC T8 MR i A58 81 T4 335 P A
Hiy 1 434K Y R B

LI, FTLAAS 1) Bl RO AR 45 K a2 i A el 728 A st 30, bR 300K 45 7 o o i o A i £ e 5 34
M RA, MR s A B TR A7 AR 7K = T2 HAUR: 5 2 ) k- 38 2 /K i AR A3 R K i 119 95.89%—97.18% , Sk
AT IRFR K IR Y B LR R AR ARy i e A R R KRR BUAR AR ;3 ) B Sa S5 MRy SRR K R AT O HiTK
Sk 10a S5 ARG Hi 3Rk Bk B Al K , i 20a S5 AR ML b SRR K R kBRI ek
TR KBRS T T 0 KA IR SCMOK IR I 77 D g 2 /07 B2 5—20a.,
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