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Abstract; Straw mulching and sodding culture are two kinds of effective measures to solve the problem of the seasonal
drought in red soil region. An experiment of straw mulching and sodding culture impacting rainfall infiltration, soil
evaporation and soil water regulation was conducted from 2005 to 2006 in Taoyuan experimental station (111 30'E, 28°55’
N), which located in Hunan province. Results showed that straw mulching and sodding culture could increase rainfall
infiltration and soil water storage. The infiltration depth was 40cm for straw mulching but 80cm for sodding culture in 48h
since rainfall. Compared with no-mulching, the increment of water storage was 3. 33mm for mulching and 1. 33mm for
sodding culture. These two measures also resulted in the reduction of soil evaporation of 69. 10% and 36. 53% ,
respectively. This effect was more obvious at midday under high temperature. The plant evaporation increased by 15.66%
and 7.26% while soil water consumption reduced by 20.55 mm and 4. 33mm for straw mulching and sodding culture,
respectively, in the whole drought season. The vertical distribution of soil water also changed obviously. Soil layer 0 —
20cm was greatly impacted by the outside conditions and had greater coefficient of variance ( Cv) than the sub-layer. The

greater water was consumed the more significant water shortage was showed in surface soil under sodding culture. The order
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of the average moisture in soil layer 0 —20cm was; straw mulching > no mulching treatment > sodding culture. The variance
of soil water in the layer of 20 —80cm was reduced and the order was; straw mulching > sodding culture > no mulching
treatment. The Cv in the deep layer of 120 — 160cm under sodding culture increased due to lacking sufficient water
replenishment. However, soil water conditions in the other two treatments became more stable in the deep layer. The

average values of soil moisture changed in the following order; straw mulching > no mulching treatment > sodding culture.

Key Words: straw mulching; sodding culture; soil moisture; soil evaporation; water balance

s E M E KRR, KA REM, BB B R BN EE DS AN W
Fho AR FREFTE SR NTT R ik BEREHYE, ENIMNFEZERFEM T KRENIIR TIE, —80A
NHEA T K B S B SRR PN I R L T AR S ThRE AR SR Y g
FEAT YRR B X AP 2 B A UK T 7 SRAE R I 5 T A R ) T RE A A B KRN, BT 2
FHE IR A LGRS iz A 4 7, AR SR i It il )32 o
KRERFAEERRIAERX 50% Li b5 11 0K k288 Z KOKREEESE £ B I, H
&l FRKAER R A2 [6] LA ECAR,6 ~9 A iR, ZEWHET 2EH BN Z X SR L /T Fr4e & &
MEERBEZCY BT ERRSE, HRTE S48 TREE, SRS LMk R, B H TR
FHLTE I 52 24, KR TR X AR 2 b X B 22 R FEAE A, BRI KA LR A 72 T R WA BN R B 57
FRRE 8 B B R L B B R, S T AR T RS & BRI ) X AE IR TR, ARG AR R
Hutd I A BFFE AT S, AR SR B S F FHRE T N & XA R 857 =X T K RN, SR TR R 2
TR M HAREPT FETAB MR E , IR 3K R i sh A AT R Bk &7, 4~ EHAR T
BEWHK B, UFRAEM LR ERXFENTHET R2HEMEARGR, R ROFE R X ESAHER
TR IS FA AN K ALH] o
1 HAREXEXERARHAREE
1.1 R EARBR
RITE B R BEARIE A A R T i & A S RS & MG R 317 . i85 6 TR 4 BhiE &
FEVLEFEREA (111°30'E, 28°55'N) ,FE#R 16. 5C A FEF & 1440 mm, HIERARE WL L REF R
Z13%, T 2005 47 ~9 H 12006 4F 6 ~8 H AT, I LB (T,) . BAME(T,) BEEE
(Ty)3 M0, AT E 3 MNEE , KPP BB R RN 225, B /N Ak, BIARIE G
HRNX P BETC AR R AR K, IO AR 7 25 5 B RO AR R 22 AR K, {H 50 109 B) B 08 R B 2 50em , 8 i
50cm FIFRATTE BB BT B, BB R AL AR B 7/ DX P RS T B VRS R 35, T 5 B 4F 4000 kg/hm?
(THEE)., A WEIETFGEET, WA /DX b B PR B, B /XA, B/ HPas K/ &
FEB—BMFER 4 ¥Rk, BA/NXEBH 5m x 5m,
1.2 BRI
1.2.1 #EASRGERKE
HRAE ] E 33K A A 5 R S A B AR S R G K B e . ] sk P AR e
AW=P +1 +U-E-T-R-D -IN (1)
KL AW Tt B BoR 50 Bl R4 K &2 25 (mm) , P FRiHE B BN FFETN & (mm) , 1 FRit
B R E (mm) , U ZRHER BN LK S E(mm) JE FRitER BN EZEERE(mm) , T ERxR
TR BENEY M EZEBE (mm) R R THER BN E R E (mm) ,IN R iHE BB N MEY S E
H(mm) ,D FRITERNBENTEKE(mm) . X FREASREN S, MY EZ8RE A TR LR EE
MAERE EZE R T BT G L EZEEZ R MY EE 8 E R A HEBERRNENE ET; i TR
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/NX 160em AR A T FIFR7K)Z , Bt AFE 160em () HA&TE B AR, EAT/K BRI B /KEF LIZR, BIU=0,
D =0 ;7 H 3 b A VEWE , BP 1 =0; MRS A S RS MK & 785 7 72 AT LA -
AW = P-ET-R (2)
K, P53 4 (Milos520 K42 H shiuh) #5459 ; R @SS 3RS, B4R LR iR ;AW Al 3@ i 53k
|/OEFEL TR,
1.2.2 ZHRKME
FA/NK I —FRAE RTINS , /N X 7Y J& F # b 30em 3T S0cm (¥ 4% /55 R 5% + 4k BBl g, A8 05 B S 0
1,35 10 ~20cm, [ — A}, H T A VI Im x Im x 1m FRAER 3m x 3m x Im (4N R EE L35 ) &
B KM PR o BFR T WA R/ NX AR TR L . B T TR R 28 H /N X b 3F-38 , 72501 8] A W
B EATRG, B R =0, TFE(2) T E N
AW = P-ET (3)
i ET 7] LB 2 (3) K15
1.2.3 kB ERITE
TIEMEKE W(mm) = 3(A0,Z,) o i A0, HIEHE—ZREREKE, 28 HIBZRIERE (mm) ,i
THEER, LIEMEKEER AW (mm) = W, - W, , W, W, 705 g BARSE— ] i L3 f K & .
T AR EK & A , T BREE R 20, 40,60,80,100,120,140,160cm 8 N2 1K, 2005 4F 4 K
& 11K,2006 4R 5d JE 1 %K, HA 0 ~20em F 8588178 IE
1.2.4 +HZREENNE
FH B il i /N RIZE B4 ( Micro-Lysimeter) ( H 4% 10em & 15em f) PVC &l %, & FF 78. Sem® ) #E4T WL o
HHLI A 6:00 H [E]EREAR - FI SRS S, FRGE R 0. 1g W FRFFR R, AR5 5 T HIE,18:00 friE
ATERE RAREHERES DERE, ARERRN N ZNENHIEELE, B0, g WEMHEYET
0.0127mm K&K B, B2 ~3d #Ht /G Rk 1, & 2006 456 ~8 ABRHMHIEELE,
Xf H 78 & ) B AR E LA 4d S — AN B, FEIX 4d g S 2d A [E] ORI - 382K & ) B AR 4L, Bl 4k
48h FFF 3h — YA TR WOULI , a0 SR AR SE VI Y 2d 2598 2T/, WU I 5380, RS 5 P 2B T R T 1
SR
1.2.5 BRgit 5407
RIHE R A Excel 542218, ] Dps #4581t 47 ( Duncan H 2K 215 )
2 ZR5HW
2.1 [EFNA A5 K BARLARE
FERI WL I 4 8], 2005 4F 2 4EREFY 1490. 6mm, Horh 7 ~9 J #y L FEFY 333. 2mm, 5 2 EREW R
22.35% ;2006 44 4ERETH 1395. 6mm, Hop 6 ~8 H HLFETH 467. 8mm, 5 £ 4E 5 33.52% , MRIEIRI S X (HEIE
B358) 1961 ~ 2000 4EAFHIFEFN &N 1475, 1mm A] 51,2005 4EF1 2006 4EX R FMAE, RFARX K LTS KR
AR, BB RN AR LKA B AT R4 3 NI — R K MR A, — R BUE R
Z TR HOK T, — BRI E, B TR KRB RIEM, LR EER#ERK, &SRR 5K
AW T ENERER NS KE; Z—REHK S TRIRES , — AL ZE,
2.2 R[AE IR FEHAB K K& BRI
KSR A 25 R G ME— S SRAMA 7K IR, B AR BE K K 3 7 3 v A W R R IR T R0 b =&
B, R144HT 200547 H 25 HW—3 18. 2mm HFER 5 AR B  T HHFK R IREA B HEANE
I ELES o
WG 24h, FEFRXT b B AR B RIS 7 55 3 S /K B R B 2 3124 20 .40em 1 60cm, 0 ~20cm
B 5 BREH T HIEEKENBELEEER  WEEMTREES,20 ~40em FEEES FHMEKENE

http ://www. ecologica. cn



2 WIS S BEPONHE E R 2 K AR (LA R R 979

BEAT GREY, ARERBEA TN, TS 48h, TR B R E R ARG EEE LS KB NN
VREE S 2 20 40cm Fl 80cm,0 ~20em FEE % 5 HRBW T MK BINB LR E2E R, WEE R THM,
20 ~40cm FEEAE = FHMKENBEER T AREY, ARBEWEERNTHI. )5 48h FEH T4
KENE MBS > QRTINS B, B T A KB ] 22 5pk B3, VLIRS B 5 A A T K
WIEAB ,H B IR ETK AR, AT R AR RS N T IR AR K AL i as 7
KEIAB

®1 ERRAREBEZTARLELEMKEEE

Table 1 The increment of soil water storage in different soil layers under different treatments after rainfall (mm)

i [8] Time Kb Ff Treatment 0 ~20cm 20 ~40cm 40 ~60cm 60 ~80cm 80 ~160cm 21t Total
BITEE 24h T, 2.00a 0.00a 0.00a 0.00a 0.00 2.00a
24h after rainfall T, 2.00a 0.67b 0.00a 0.00a 0.00 2.67a
T, 1.67b 1.33¢ 0.67b 0.00a 0.00 3.67b
HiJ5 48h T, 0.67a 0.00a 0.00a 0.00a 0.00 0.67a
48h after rainfall T, 1.33b 0.67b 0.00a 0.00a 0.00 2.00b
T, 1.30b 1.30¢ 1.00b 0.33b 0.00 3.93¢

MR FRFRRTLEEMNZER  Values in each line with the same letter are not significantly different among different treatments(p <0.01)

2.3 AR50 AR R KA YRR B RN

FIFAR BK B4 77 B 5 AR 2808, A R ISR 2. SR Bkl e] Y R B AR > A
R > B, A EH TR EER, HREBFRE RN ERE R (32.27Tmm) < HRBEH(66. 29mm) <}
Hi.(104.45mm) , 2275 2253 Hr A Duncan 228 HOA K B, FE B 26 A0 B AR O T 0 L3288 (R TR,
RE B 15 AR BT B ARBE O, U A RS S i A0 AR O0T T A B A ARV, R A R R
P51 69.10% 1 36.53% , K FE B m FAUCRIREF . N T #E—BH B Xt L R M sIfEM, T 6 A
22 ~23 HXF 3 FhALBE ) 132 A AT TSk 48h BRI, HLAE R UL 2, S5 BORBRILAN B R B HAE 12:00
~15:00 Z [A] i BUH B 2 R B (E , MRS R i © H AR MLILBOF &, BRI B AR IEE, R =
FORAWE T A 6] R A B 3R AN AR, AR R A AR A T S B E — R AR, T 2
BRI TR R B E K,

®k2 AAB=FAAXTETETHZL
Table 2 Variation of E.T .ET under different treatments

Kb 3 Treatment P(mm) E(mm) T(mm) ET(mm) AE(%) AT(% ) AVR(mm)
T, 467.8 104.45a 390.83a 495.28a 21.09 78.91 0.2457
T, 467.8 66.29b 413.25a 479.44a 13.83 86.17 0. 1559
T, 467.8 32.27¢ 440.30a 465.57a 5.43 94.57 0.0759

P.E.T.ET.AE AT AVR APT 4} SRR MEF & T A8 R & AW 76008 & AR L L 3R R B o R IO 1 LU ) R 2 0 o o AR R I L
Bl A YRR MR ERER AT B ENESR P,E,T,ET,AE, AT, AVR, APT present rainfall, soil evaporation, plant transpiration
evapotranspiration , the ration of soil evaporation to evapotranspiration , the ration of plant transpiration to evapotranspiration, mean daily soil evaporation.

Values in each line with the same letter are not significantly different among different treatments(p <0.01)

2.4 R[FEVE I EO0 3R T K 43 AR s e AR 4

ARIWBEH AR T HEESKENRZRREHRI KA (£ 3) B LK R R ELBHEAR
Ao #RHLA K2R R R BNEZENRZEARWE/N, T K e e sk ; A REH T ,0 ~ 120em + 248
S RBBEERE/N,120 ~ 160em + 2R RPOU K BMEFEERM T, ERRENERZENRZEH TR, (HE
£ 40 ~80cm +JZA/MEEEM LT, GiEEZEN R MAREZE (S) AR RE(CV) , MR 4R 214 + 5 5w 4 2 R
AARED BN (1) IEERIE,S >0.024,CV >8.1% ; (2) IRIEEK)E,0.024 >S >0.017,8.1% >CV >5.4% ;(3)
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1 RREZEAR H AR

Fig.1 Diurnal pattern of soil evaporation under different treatments

HXTRREIR,S <0.017,CV <5.4% . HPRfEZ MR RBON RE RIS 2 0 FARERS , AR R RBONHE . X1

PRI 2730 R ROk 0 27 B 52 AR 2, 2a B AR08 S50k R] - 4R 3 AT Rl 3 3% BR)Z (0 ~

20cm) FAHRXFERE R (20 ~ 160cm) 5 HARBEHII 20 A RIEER)Z (0 ~ 120em ) FAHX AR 5E = (120 ~ 160cm ) ; F
#HA 2 HXEEE R (0 ~160em) .

x3 FTEFEVIBAHSEEHNE
Table 3 Profile distribution of soil water in the dry season

i) B (nm) A58 LR (em) R ERAR gy
Year Rainfall Treatment Soil layer Star'lda'.rd CO(‘?ﬂ'i'C fent of Activity grade
deviation variation
2005 333.2 Tl 0~20 0.022 6.43 WG BK Sub-active
20 ~160 0.003 ~0.007 1.04~1.96 FAX}EEAE Relatively steady
T2 0~120 0.004 ~0.012 0.96 ~3.38 FAX}EEAE Relatively steady
120 ~ 160 0.023 5.88 ~5.94 WG BK Sub-active
T3 0~160 0.004 ~0.012 0.97 ~3.38 FAX}EEAE Relatively steady
2006 467.8 Tl 0~20 0.021 5.82 WG BK Sub-active
20 ~ 160 0.014 ~0.016  3.69 ~4.42 FAX}EEAE Relatively steady
T2 0~120 0.009 ~0.019 2.53~5.05 FAX}EEAE Relatively steady
120 ~ 160 0.023 5.88 ~5.94 WG BK Sub-active
T3 0~160 0.004 ~0.008 1.09 ~2.07 FAX}EEAE Relatively steady

X ER EHOK Wt — BT K (R 4) ,0 ~20em FHEKBNREEE & > it > BRBEW. &T5
2253 HT I Duncan 2 LR, A F A &5 AR B R Z FIFER B E 2R, A RBEH SR Z B AFER
ExE5, VIR R Sl R R AR E KR LK B RE PR, i TR T E R MO
BN EARY), HRRZ 00T 0 ~20em )2, 7EIZLZP R T RBKSAT HSMAERTE, AT
BT AREE TR LZEKREN TR, FRZZAREWR R EZMOKIZ, B AR A K E A K.
20 ~80cm + 2P E/K BN R A I > BARBH > R, &3 T 2270 M Duncan 2 WAL, A HEE T -
WEKBMEES T ARBERARM, EABHR SR ERFAEE X TREH THERERRS THRENHA
BB T B3R NTIE TR EERRZMEK R, WHERZER K ER REERR. ®
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JZ2 13 (160em) PH SR BAF B 5 > #R > A RBEH, 21377 Z 07 5 Duncan ZH HLEL, Hiih 5 A RE
W REESAFEREES MEEES ARERAEREEER AR ARNERR T HEE RS
H AR T AE W B R MR 8008 H R I 28 IS VR I R, TR FEIRJZ 1) LK 348 2 R0 B AR T BN A 7 s
FRUHGIZ EHOK M RTEE] B2 250, 58—~ BB A 5 B s R R o AR 15 R e e 1) 3
WIzizgh, \ishas T 3R 3Ok 7 BT, T B RECT , IR ZAE L3R Z KPR L s 2 fiE Y
M PTIHFE, FTLUAREAMATRE 1, SR T REESNRE DRSKBEE S T A AEH, WHES A RE
THRZE LK 2R R BGRE K

®4 TRAK/EFELELHEEKE(%)RK Duncan’s ZEILE

Table 4 Soil moisture in 160cm soil profile under different treatments and Duncan’ s multiple comparisons

EL AR 0 ~20cm 20 ~80cm 80 ~160cm

Year  Month T, T, T, T, T, T, T, T, T,

2005 7 A LA The first ten-day of July 35.33 35.33 36.08 37.00 37.25 37.83 38.37 37.88 38.37
7 H "] The middle ten-day of July 35.13 34.87 36.08 37.26 37.44 38.00 38.30 37.80 38.13
7 HF ] The last ten-day of July 34.33  34.61 35.72 37.33 37.56 38.01 38.20 37.83 38.50
8 H 4] The first ten-day of August 32.99 32.76 34.09 37.07 37.05 37.65 37.96 37.73 38.23
8 H "] The middle ten-day of August 33.72  33.61 34.19 37.11 37.03 37.69 37.91 37.54 38.12
8 H 4] The last ten-day of August 34.75 34.57 35.36 37.51 37.72 38.27 38.36 37.72 38.45
9 H 1] The first ten-day of September 34.75 34.78 35.41 37.55 37.80 38.30 38.29 37.87 38.41

2006 6 H I The first ten-day of June 36.50 36.50 36.00 38.00 38.00 37.00 38.50 38.50 38.00
6 H #1f) The middle ten-day of June 35.00 36.00 35.80 37.00 37.21 37.20 38.50 37.50 38.00
6 H T ] The last ten-day of June 34.88 35.44 35.72 36.49 37.42 37.62 37.46 37.63 38.02
7 H LA] The first ten-day of July 34.40 35.13 35.55 37.12 37.98 38.19 38.27 38.19 38.77
7 H "] The middle ten-day of July 35.85 36.60 36.78 37.11 37.89 38.37 38.28 38.63 38.59
7 H Ff] The last ten-day of July 34.92  35.64 36.01 36.55 37.68 38.14 38.23 38.42 38.80
8 H 4] The first ten-day of August 37.32  37.29 40.13 39.09 38.68 41.72 40.65 41.24 39.98
8 H H14] The middle ten-day of August 35.99 35.81 34.96 37.56 37.23 36.19 37.84 37.86 38.20
8 H 4] The last ten-day of August 35.37 35.38 34.48 37.51 36.81 35.97 37.61 37.56 37.89
J{E Mean 34.51 34.50 35.25 37.31 37.45 37.94 38.10 37.76 38.40
5% b b a b b a c b a
1% B B A B B A AB B A

MR FRHFRRTLEEMNZR  Values in each line with the same letter are not significantly( Duncan’s) different among different treatments

2.5 AREYIT AN K I F G B

KB R X K S B AR ST R GEHEAT R B AT BB R A 9 B TER L. RS
ZE B AR R AGE A B B SR, A I IRZS R R T &, A HRZE B/ D TR &, X R
IKEH) A SOK BRI E R REE KB, TRETIERSE . EREMNEHRKR, REVE T80
K3 s PR RAR/NI , RGE ORI 07K 70 AANA ST o 24 TR K 3 B, 58 A7k BRI T R SREK
X ER KBRS T AN, RS T A R, RGER K, X AR 7K B R Z AN, BT, 2 B A BRI 7K
B AR L2006 46 ~8 ARG E K MBS TR, AR RIR S MAKRPELR, G5 AK2
{8 AT 45 A R 7 30Tk 7 A S5 B 34 o

M5 ATLVEH 6 ~8 AMSEA B FKEKSMARANFE, HEED < BRBEE < B 5
E—ERIARMT , XA KRR h LR 4, U DR R E KB —ERRTR T, TG L E
BHZR. WH BRREREE R T RSERRS K E/NT PR A KRS, B ARBOMER LAY S PR S H K BHR
TR KE, SIE TR B F R AT DURIEAE Y B9 1E 5 K A T G R BN LR R S
HIRBUK Y . SHRMARLL , R BEHOM B R P00 51 7] LAFEAR 20. S5mm 1 14. 33mm Bk S5a 32
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MR 4 RFEIBEHT KW BB —FF, TTE A S /K& 497. 01mm, HHr 1. 73mm (0. 35% )
HI7K 55 BT 1382 H1,390. 83mm(78. 64% ) il it )75 16 23K K, 104. 45mm (21. 01% ) i i +- %78 K
KRR BARAEDE S 7K &l 482, 68mm , Hor 3. 24mm (0. 67% ) R F 139 ,413. 25mm(85. 62% ) i@ it
HEYZEREB)E KR, 66. 29mm (13. 71% ) 8 i + 378 & 3k KRR B 7 8K B X ) 476. 46mm, H
10. 89mm(2.29% ) f7K 43 & 8 F L35 ,440. 30mm(92. 41% ) 3 3T M P 78 B B3k K<, 25. 27mm (5. 30% ) 3@
it HIEZERBLARR . IEIREEE M A A B EE 2K (RBEER 15.71% , HARE 7.30% ) LAME
WZE I (A = HEFEK ) T LR E B I Sk ATE R, BRI IRE T /KR b T TROUK B #E

x5 HEKETEE
Table 5 Soil water balance under different treatments
A Input(mm) i Output(mm)
\
Treijt:r}ints I\E}ftjh [‘%mi Sys%r:nkglﬁo%ure B l[ﬁ[/\ x ﬁkﬁ . Sys%t;ktﬁ%ure B Iflﬁ‘ﬁf/oimit
Rainfall decrease Total input  Evapotraspiration crease Total output

T3 6 205 - 205 196.3 8.7 205 100
7 148.8 8.66 157.46 157.46 - 157.46 100

8 114 - 114 111.81 2.19 114 100

J3T Total 467.8 8.66 476.46 465.57 10.89 476.46 100

T2 6 205 - 205 201.76 3.24 205 100
7 148.8 10.76 159.56 159.56 - 159.56 100

8 114 4.12 118.12 118.12 - 118.12 100

J3T Total 467.8 14.88 482.68 479.44 3.24 482.68 100

Tl 6 205 - 205 203.27 1.73 205 100
7 148.8 14. 68 163.48 163.48 - 163.48 100

8 114 14.53 128.53 128.53 - 128.53 100

J3T Total 467.8 29.21 497.01 495.28 1.73 497.01 100

3 it

e B o M B SR B R A DR AT R IX 2 1k T 5 X A , BB TS e T G B R PR A 4 3K
GrEEH o

(1) TRJG 48h, FEFTXTERH . B SR B9 RIAS 08 o 3 Bk B AR A TR BE 251 20 40cm 71 80cm , 5 57
i A A T RUK A REAS ; oh, RS 8 d M B AR B YOEA FI T /K K687, TG 48h R E B i A AR B 4
S R+ K B B 2 3. 33mm Al 1. 33mm,

(2) RE B 3 A0 A AR B3 I S ) 382, T AR 2R 50 51 69. 10% 701 36.53% , Ko RS
i FRICR BB B, L2 A4 i /PR AE 2 (6] v dRL S BER B A 2

(3)0 ~20em +JZZANFAEMFEBR, LKA REBOK, B RBEG T8 5 KPR FERZ K
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