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W OE: O TR RS AT a5 0 AL R R AR BOK & KRR T KA IR R, 2007—2009 4F 5 76 4 P R AR B
W 3K LKA 2 4500 (S1). 9000 (S2)F1 13500 kg/hm? (S3), LAANEE 35 MW (CKD . S5 E W], S1. S2
F1 S3 4bHE 2 m 12 2 45(2008 FiI 2009) -3y - K i, 5 CK ALk, &AM 13.9. 22.6 1 33.5 mm; &~k T
BASN I 202, 32.6 F 42.1mm; gk 43 il 15.64 19.1 F1 21.0 mm. AR 2 AN FIIEZE T FoRET M AR, (Hhnbe
TR AR . S1. S2 Al S3 4bHT 2008 AR, B CK 43 IS = 7.65%. 16.19%F1 17.84%, M@ 83K
SF(P<0.05), 2009 fFAfHir = B K G HR 2008 “FAHAL, (HATH AL T)E# . 5 CK AHEL, S1. S2 Fl S3 Ab#H 2 4%
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SIS EE 70 73 0 6.53%. 16.89%F1 15.95%, [R]&E &1 /KK /3 ill$E =i 5.14%. 8.35%F1 7.44%, 11 7KRUZ 4 il 50.07
81.31 F1 72.30 Jo/hm?. WIS #RW], F KL & WIFEKEILT 390 mm Ik, 9000 kg/hm? FEFT48 36 4 & R DU, 20

JE R R 2R A AR X L

KGR Ky, BAF, BEE, AEK, FE, TAKE, BLTR

doi: 10.3969/j.issn.1002-6819.2011.z1.047

hESHES: S152.7, F316.1 TEERERD: A

XEHS: 1002-6819(2011)-Supp.1-0238-06

BAX, TERE, AR, ¥ FREBEAEZSENFTERAERRBETIKG@EIZMWJI]. R TEFHR, 2011, 2708

F)1): 238—243.

Cai Talyi, Jia Zhikuan, Huang Yaowei, et a. Effects of different straw mulch rates on soil water conservation and water-saving
benefitsin spring maize field [J]. Transactions of the CSAE, 2011, 27(Supp.1): 238—243. (in Chinese with English abstract)

0 31 &

A s o R R ER X, R ORI X
HE MR, R, By = EAR
A RATBREMY . K R EOKRUCE I S RN, 5
K—FE—#, BIATEAFTRN . LR IEL RES
FHBE, 55 T IR 1 FE RN (K2 45 1, e 22 D
AR, WSO E LUK TR, EmE
ORI 5

VFEBITURI, REFF 6 A0 T B KR0S e
Vet By A R B 317 A SRS AT a5 B (OB
LA PTEAR TR BRI = N Y, R RS R
R A P AN [ AR 2 R )5 K ORI 20 B 7K R s )
A, A AR, G SRR ROK O RS AT o
AU, AR RESE 2 R 1T, BT
R FT AL ot B0 K 7 B TR AR T IS L,

ks HiH: 2010-11-09  1&iT HiH: 2011-02-14

R4 TH A — 0 R SRS AR AR DR K R BEB R
( 2006BAD29B03 ) ; “ VA b 7 45 5+ 1F AR HH 4 W9 £R /K ¢ B e R wF 5
(2010NKC-03)

fEF i $KNX (1972—), 5, WimmHA, H-LOE, IR0 mh
P PRI AR M PHALR MR v B X A KR 5T
[E, 712100. Email: caity2008@nwsuaf.edu.cn

MRS PR (1962—), B, LpgdiMA, -, #HiR. AR
i, ENEHRHAAN T M PIRMOBHE K5 i R X AT KR
NEAFSERE, 712100, Email: Zhikuan@tom.com

FO AR [RI RS AT 78 o6 e 1 P2 R B0 32, B A0 b 2l
Ty TR R 6 B AR 56 B AR AR AR
1 MERE%E
1.1 I XER

TR BAE BRPE 44 A B 2L H G AR MR R 27 5
REH (34°15'N, 106°30'E, ¥ 900 m) , JEiE + &R
HH R LR AR B X . 2RI KR 538.2
mm, TEAEPLE 6~8 A4y, FEN HREEKIN R AA
BIFREAS] (R D, Fhri KA R R E (8.8%) 4
K, KR 1832.8mm, THEEN 1.5, Mg 10
TFRE, SRR, FPEEN 105 C, KHE Y
169~180d. ik 13 4 g e 1, 2007 FHLA 11,
0~100cm 2, HFRKRE, WRIEKE, Tk
BURE AL 20 50 22.11%, 31.27%, 1.33 glem®,
49.3%, #fZ 0~20 cm 3, PR, 2R, S
S0 FE 2y B0 o 11.36, 0.84, 0.53 il 7.08 g/kg; iy
A AR USRI TR 500 0 24.61,
1.95, 11.57 #1113.79 mg/kg, PH {ii}y 8.1.
1.2 Rt

RIT 2007 FERKFTITUR, 3Lk 2 MEFEE (2007
—2009) AT . LEE 3 ANFEE SRR
4500, 9000 #11 13 500 kg/hm?, 43I LL S1. S2 F1 S3 &7,
DA N0 (CKD) , JL 4N b, BENLX 3. /)
IR 24 m* (3mxX8m) . 7 i s NIRRT 4R (4K
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WHARIAE T Bas. RN S TRk, 5t
W B T R R AR RS FF AR 1, AR5 PRt e
P THEAT S E S, A/ DX E M SR

T S AL B W TR S RS AT BRI Ml , ARG AT
N TR 2, SRR, AN AR E/NX S8 — it I 7K
iR ZE (R =46.4%) 532.6 kg/hm?, Bl %k (3%
4% =60.0%) 326.7 kg/hm?, KCl (K,0=60.0%) 326.8

kgthm? . g B i b 1 5 L, 0 2 1 R SO e g ) 27.8
kg/hm?.

PER PN K 22 5, MARATRAE, AN T7UE, AT
PEBR 67.5 cmX 30 cm, Fivi %5 5 Ok &5 23 Bl 49 500 £k,
fF 4 F 23—25 HER; R G AR — /N DXL B Ml R FS
FT A 78 o5 B kN X . B b BN X AR B A
L, JCANFEREME. BEAE 9 H 17—20 HIEAT AN TlEk.

F1 APBEIRIEEE 1976~2009 43X A Mk 2
Tablel Thedistribution of monthly precipitation in 1976~2009 at Heyang experimental station

mm
Fr 14 2H 3H 4 H 5H 6 H 7H 8H 9H 104 1mH 127 ERKE EEHRKE
2007 0.0 26.0 46.1 5.6 19.9 71.9 196.1 83.2 55.9 483 16 9.5 564.1 466.6
2008 29.1 8.3 13.0 317 235 95.7 54.4 1235 65.2 15.0 0.0 0.0 459.4 315.0
2009 12 235 19.8 128 136.5 46.8 46.6 96.8 52.4 24.8 374 24 501.0 390.0
1976—2006 5.6 9.3 196 312 44.1 57.4 1119 1147 773 46.7 153 52 538.2 380.0
CVI% 151.9 55.4 59.6 64.8 97.7 31.2 67.5 173 17.7 48.8 127.4 95.4 8.8 16.0

W eV AR R,

1.3 MEEREAE

TR KEN e R AT e
RIEN 0~200 cm )2, HUFERIBE A 20 cm,  HURER 1] 4)
SRR SO R D, R R, 3k
A ROKRBGRATEAT AR = R & 5 e il =, I
HRAE T 7 M S 77 e K2 o A bt A A s
7:[12—13]:

W=HxDxBx10
A, WO RIEIRKE, mm; H O 2R, cm; DA
THOPRIARUR R, glem®; B N HEESKE, %.
AW=W-YxWo/ Yy,
A, AW N R &5 = i N d A BE LU AN 56 Ab HE T K i
mYhm?; Wi AN S AR FE R K B, mYhm?s Y, AN
WAL PR, kg/lhm?s W, g 7 o6 A B RE K B
mhm?; Y, b s AL BRI R, kg/lhmP,
Ba=AWIW,; X100,
K, B M RS 77 18 T 7 5 A B LU AN 55 AL BT 7K 3R, %os
Wl ANFE 25 A BR AR K B, mihm?; Yy AN i Ab B
2R, kg/hm? W, 78 s A0 BE (K&, m¥hm?;
Yo M w LB 25 i, kglhmP,

FIH Logistic 4= K71 y=ka/(1+€* M0 2 45 £ Kk
EEAT RIS, SRR . AR R AEKR
B, di y AERKE BRI, cm; a. by Kyt 34
FrRERH (>0, b<0) . kn MiEFECNME; 4 to=-alb
I, 47 diyidt=0, UbIN R K Kk s A oK AE . B
V=dyldt=—bky/4; to 7k m 2B KB 21, i kg
PR (V) YA S PERF AR AR o 2 ty=[In(2+1.732)-a] /b,
t,=[In(2-1.732)-a]/b It}, 4 dyidt=0, EI7E t, %) dyld’t
KB RAL, AE to I %) dPyldt SE B i /ME . At=ty-ty 7
FROA W RFAEAE ", 3R T P ey DR 28 K T 1 e )
B, F ttL, A, GeE-bky/4X AL, Gy X AR “4
KEEE” , ERAsHEEE LA HEAEKER
65.8%01 I

1.4 HRFITS ST

KM SAS 8.01 Xf il 4 B4 kAT N R Uy =
(ANOVA) 43#7. Theleast significant difference (LSD)
LEFEMEAK (P<0.05) , Sigmaplot 11.0 & .

2 HR5HH

2.1 IEKSHR

AWK (FRHD HHEKS AW (KRB
IR D) 3K o R KRR L, RAFK o
AT ORAE AR ROK S I R A P A AR . DR G
AN, AR 2 m )2 3K PRI RN A7 AE ]
ZE5t (R 2) . 2008 K 2009 4F4 N A %7 i A FE - 35K
AR, Bl S3 IR B, S2 Ik, Sl
575, {H 2008 47574 i Ab BRI RN B 2 AR T 2009 4,
XHT BE AN A AR AN AR KA G . S1. S2 fl S3 4b#E 2
m 2 2 AR T KRR, R CK 43 il 13.9.
22.6 F1 33.56mm, 25313k i 2 /K (P<0.05)

WA K 2009 4R T IR SR AR BE 2 m )
Tk CK ZERAEAAT R, 2008 FikZ. 2
PRI AEE WS CK 2 REK, H 2m 12 14
K S ILRE A B B G i s s (R 2) , S1. S2
F1S3 4bHE 2m )7 2 AP R OK S CK Al $E A
20.2. 32.6 fil 42.1mm, 2% 54k B 3% /K- (P<0.05).

WOREA 3K R ORI 38K 4y &0 — AN
WK EER, & E SRS FEAT E, ERK
ANe 2 AEHUE T, S1. S2 F1 S3 4bEE 2m 2 2 4F
S e KR CK 4 hil$E s 15.6. 19.1 AT 21.0mm,
ZE Sk B KO- (P<0.05), 47 i AL B a) )G 5 3 2
Jt o

S1. S2 il S3 4bFE 2m 1+ )2 2 4Py LI K E, 4
AE W CK 5l 16.2. 24.5 F1 33.0mm, 2 7i4ik
W#EK(P<0.05), Ui AL B G AE T 544F (2008)
Mt FEIKAE (2009) BRI T RUF I E K IRIRRLN .
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&2 2008~2009 FAEALIBAE 4 B BTH] 0~200 cm LRIk E
Table2 Soil water storage in 0~200 cm soil depths at different growth stage under different treatments in 2008 and 2009
mm
3 2008 4 2009 4
EHH
CK S1 S2 S3 CK S1 S2 S3

i 485.81+0.97c  500.81+2.63b  514.63t2.10a  523.80+2.40a  426.00+0.77c  438.80+3.12b  44237+2.36b  455.02+19la
AT 44253+143c  464.81+243bh  476.44+3.73p  488.81+2.99a 49302+ 052c  511.10+0.31b  524.37+109%  530.96t 2.75a
KWIW\SY] 445564226  463.08+2.38b  490.10+1.87b  490.75:2.55a  432.60:0.17d  437.56+3.20c  441.66+264h  464.68+ 1.83a
ZAREA 379.58+0.17c  398.48+0.32b  403.06:0.4%9a  407.32+0.09a  376.46:0.91c  397.84+0.17b  39589+129h  408.72+0.60a
R 413.34+0.96b  432.47+3.0la  43358t2.95a  43508+2.00a 41270+ 1580  424.81+2.02c  430.70+0.82b  432.92+ 1.09a
AWM 433.36£1.26d  451.93+2.09c  463.56+3.74b  469.15+1.87a  428.16:0.98c  442.04+2.14b  446.99+2.15ah  458.46t1.67a

s MR, W7 WBIRE AR/NS FREFORE 0.05 KT L5 2%
2.2 EHEKLogistic £KIEE

FIH Logistic 4 KA H=Km/(1+exp(a+bt)) it 2 A
F) A BRI s~ AT IR B0, IR T B0 5 R R AR A
(£3) o 248 A BIHE AN A K, B CK 0] i
Je, JULL 2008 fEFHA B, XAV G AN FEED KRS
5, TTRESZANATAE SR 0 “ARURARN 7 sgma s kM, s1,
S2 Al S3 HEARERAKI (t) 2 4E P43 e R EE: CK
SR 7, 12 M1 13 d, Ty 4s AR A A KA 2
IRRBY A (75, 85 F1 7.0 d) , W AN[F) 7 =5 & Ab
HRZE O RS AR K () JEAR—2, RIY7ERRG 90d A4
(EKIMMERT fT) o 2578 B b i KA K R KA G

65~75 d (R KIKTTHT ) » HARIL A 2008 4F 3£ 44%; 2009
SERTE . 250 CBTRRFIEE” (a0 ABfpiEsse-8, ¥
i T R SRR A K], S1. S2 A1 S3 AbEE 2 4y
AtEE CK 4334656 T 0.5, 4.5 1 6.5 d, iXEWIAEFEFT
G A AR T K 1 R ER, A
TEI AR R R T ARG, dimie s TIED - &
.

# 3L, Logistic A= KA A U (ML T &
KR AEAN RS R o5 5 R AR KRS, T B L
AN ) 78 5 e 6 N [R] I 391 1R 5 AR AR IR 205 R e A 1 7 T
RUETHIESF,

3 TRBZEEERMSEKE Logistic 1RE R H4FEE
Table3 The Logistic model and trait of spring maize plant height of different straw mulching quantity

A Akt Gt tyd  tgyd  tid  Ad Vinad(cm-d'™) i R
CK 148.1 36 57 79 44 34 H=224.8737/(1+exp(3.4618-0.060378t)) 0.9956"
s1 179.7 48 70 93 45 40 H=272.8451/(1+exp(4.1325-0.058814t)) 0.9892"

2008 2 188.6 56 77 97 38 49 H=286.3716/(1+exp(5.3274-0.068777t)) 0.9842"
3 176.1 58 75 %4 38 47 H=267.4779/(1+exp(5.1899-0.069467t)) 0.9914”
CK 146.9 45 65 86 41 36 H=223.1623/(1+exp(4.2143-0.064437t)) 0.9964"
s1 156.6 47 67 87 39 40 H=237.8301/(1+exp(4.4994-0.067029t)) 0.9970"

2009 2 159.3 47 66 85 38 42 H=241.9548/(1+exp(4.6025-0.069665t)) 0.9978"
3 172.4 51 68 85 34 5.0 H=261.7903/(1+exp(5.2236-0.076637t)) 0.9975"

T GOAEKARAEME, At AN RRAE, ti, o ABEA . SRR A RIS ), to A R AR BRI 1), Vina A ERAIEAE, H ARk, t KRS

RONPUEREL, "R 001 KT BEMK.

2.3 77 B

ANTR) 7 5 AL BRAT O T 3K gy, (R T g —
YERIK 73 B RPEEER, $8 T & TR AR A9 7= &
(K 1af11b) . & 1a#Hd, S1. S2 Al S3 4bHf 2008 4F
FRir= i, B CK 733 7.65%. 16.19%F1 17.84%,
Horp, S3pE AR, B S2 WIPE 1.42 %, {H S3 A S2
WEZE R 2009 AEFFRLE, Sl S2 Al S3 4l CK
W7 4.51%. 6.04%F1 7.17%. Kl lafFI LW, AFE%
HALHE 2008 AF P3G AR B WAL T 2009 4F, X RES
THALRIRRE TG AE B B KR Z A6 (R 1)« 2008

SEAT WK 315 mm, 2009 2 390 mm, & BT
FWINT 75 mm, SR, 6~8 UMK R R OK IR
W, ZREH RN RE SR A OC B 3, 2008 4 6~8 H 1 FEK
4 273.6 mm, %% 2009 4 7] {1 /K & 190.2 mm £ i 83.4
mm. 7] 0L, #FFOK R RS A B I R K A,
[ ] 52 25 6 A N B3 7K 23 BC R 5 10

Kl 1b KW, S2 F1 S3 A&, 2008 45 S1 Al
CK 1 3% (P<0.05) 17, 2009 1F#; CK 4 it 3% (P<0.05)
=, 5 S1 LR EZES. SN -8, 2008 4
CK 3 (P<0.05) 477, 2009 4415 CK L& %5t
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Fig.l Grainyield (a) and hiomassyield (b) of spring maize under different treatments

i BTN KA A SEBR N A, AMEE
EHI P HOR, EEEAM LR, £ 4T H, A
I Kb 7 2k 2l R P B LA A B S 2 o 7 s AR B )
FERREE AP EEAE 2008 I 2009 4EILL S2 HxFr, S3

F 4 2008 FA 2009 £ AR AIEFE S WA/ LE

W2, (BRI S2 Ll F 25, SLiAL, HMCK LRFE%E
o 5 CK ALk, S1. S2 fil S3 4bFE 2 4FF = IR N\ 5
9K 5.99%. 10.85%7F1 12.23%, 4 2543 M4 1 6.53%.
16.89%#1 15.95%, ;=HLLL 3G 1.19%. 5.07%F1
3.28%.

Table4 Yield benefits, value to cost ratio under different treatments in 2008 and 2009

CK 2782.00 114153 3923.53 1.40 9338.00d 5414.47c 1.70c

S1 2782.00 1416.83 4198.83 140 10052.00c 5853.17b 171c

2008 S2 2782.00 1476.24 4258.24 140 10850.00ab 6591.76a 1.82a
S3 2782.00 1658.68 4440.68 140 11004.00a 6563.32a 177b

CK 2815.00 1368.64 4183.64 150 10354.50b 5752.50d 1.65¢c

S1 2815.00 1479.05 4294.05 150 10821.00a 6043.52c 1.68b

e S2 2815.00 1490.88 4305.88 150 10980.00a 6461.48a 1.70a
S3 2815.00 1562.51 437751 150 11097.00a 6384.90ab 1.69a

CK 2802.50 1412.70 4215.20 147 9831.05¢ 5613.13d 1.60c

B S1 2802.50 1560.62 4363.12 147 10308.65b 5932.00c 161c
2T S2 2802.50 1654.50 4457.00 147 10951.52a 6530.00a 1.68a
S3 2802.50 174357 4546.07 147 10989.73a 6461.37ab 1.65b

e RPRBEENGIER T AR S, b, BHRH0 31 7u/kg, JRFEN 2 7t/kg, SALHy 5.2 70/kge HEBNGRHHUMAEL AN THEN, FEFF4K
DX B, MORVFEBN . 2008 4F, KT I A 1.40 Joikg BRIPE A A e A AT A HEB T AT 2 5 2 0.25(78/m3). [Fl—4ERE, [l 41 A et 5 AN
INGFERERIRAE 0.05 K EEREFH .

5 ATH, ANIR)EE AL FEAEAS A B K AR 1R ] A5
K E M HATKERAN, BUEAT KA B e R
Horpr, 2008 =175 /K AaE B T 2009 4F, X ] REAE T
G PE RS AT o RN T R AT O, (HAEI T K

WU S2 Femr, S3IRZ, SLEfk. 5 CK Mk, Si.
S2 il S3 AbHE 2 A V44 [F] A5 = 1T KR 43 il $E i 5.14%.
8.35%FI1 7.44%, “11/KR 4wl Ry 50.07. 81.31 il 72.30
Je/hm?.
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Table5 Water-saving benefits under different treatmentsin 2008 and 2009
i e ﬁéiff#%/ ﬁ;k% ﬁ%*%jﬁk? FE TR Rt Z%\lkﬁ?l 7J<_3$m/ 5 ZMZU_/;;%/
(kg-hm™) (m*-hm™) AW (m*-hm™) Bw 1% G-m®) (G- hm™)
CK 6670.00c 3815.91c / / /
S1 7180.00b 3840.92b 247.81c 6.49c 0.25 61.95¢
2008 2 7750.00a 3968.98a 400.02a 10.48a 0.25 100.01a
3 7860.00a 4045.02a 383.30b 10.04b 0.25 95.83ab
CK 6903.00b 4032.02b / / /
2000 S1 7214.00ab 4054.03b 152.77¢ 3.79b 0.25 38.19c
2 7320.00a 4010.00b 250.45a 6.21a 0.25 62.61a
3 7398.00a 4112.06a 195.10b 4.84b 0.25 48.78b
CK 6786.50c 3923.96b / / /
A S1 7197.00b 3947.47b 200.29¢ 5.14c 0.25 50.07c
2 7535.00ab 3989.49ab 325.24a 8.35a 0.25 81.31a
3 7629.00a 4078.54a 289.20b 7.4430 0.25 72.30ab

TE: W—FEE [FFIA G AN A NS P REORTE 0.08 KF L2 i

3 & i

1) AFIBFKERE S S AR 2 m )2 LK,
TEACPRI . 3T SRRSO ) 2 0k bt 72 =5 = 38 o
mfaR, o, SLmEE T CK, S2 fil S3 ¥ E & T
CK, A S 2 LEEER,

2) A 2 SRR R EE ST CK, Hi,
S3rE i E, S2 K2, S, {H S3F S2 LR#H%E
5o 5 CK AL, S1. S2 Ml S3 4B 2 4= P44 4l 25 43 i1
BN 6.53%. 16.89%F1 15.95%, [i)4% = &5 7KK 4 il
151 5.14%. 8.35%l1 7.44%, 15 /K34 %5 43 I 4K 50.07.81.31
1 72.30 J6/hm?,

3) GEHETEKS . BREKEE. FHRATK
WMa, AT R B BRIR AN AL S PR CREA LI
F R KA RS R RZ) ) 9 000 kg, BIVA]7E 26— A LAk
HD o ok, EAERIREFERESRE KRS HESE
1 9 000 kg/hm? i .
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Effects of different straw mulch rates on soil water conservation and
water-saving benefitsin spring maize field

Cai Taiyi'?, Jia Zhikuan'™, Huang Yaowei®, Huang Huijuan®, Meng Lei*, Yang Baoping’, Li Han'
(1. The Chinese Research Institute of Water-saving Agriculture, Northwest Agriculture and Forestry University, Yangling 712100, China;
2. School of surveying and land infomation engineering, Henan Polytechnic University, Jiaozuo 454000, China; 3. The Agriculture
Department of Henan Province, Zhengzhou 450000, China; 4. Chinese Academy of Agricultural Engineering, Beijing 100026, China)

Abstract: A field experiment (2007-2009) was conducted at the Heyang Dryland Farming Experimental Station in
Shaanxi Province of Chinato determine the effects of straw mulch rates on soil moisture conservation and water-saving
benefits of spring maize field. Maize straw at rates of 0 (CK), 4 500 (S1), 9 000 (S2) and 13 500 kg/hm? (S3) was placed
on field plots. The results showed that 2-year average soil water storage in 0-200 cm soil layers during of S1, S2 and S3
were 13.9, 22.6 and 33.5 mm, respectively, higher than that of CK at the end of winter fallow, and which were 20.2, 32.6
and 42.1 mm during Sowing and Jointing periods, and which were 15.6, 19.1and 21.0 mm. All treatments with straw
mulch delayed the development of maize, however, accelerated the speed of growth from the late-mid period. Grain
yield of S1, S2, S3 were 7.65%, 16.19% and 17.84% respectively, significantly (P<0.05) higher than that of CK in 2008,
and which were similar to in 2009, while the latter overall less than the former. Comparing with CK, 2-year average net
return of S1, S2, S3 increased by 6.53%, 16.89% and 15.95% respectively, and water-saving rates of unit grain produce
increased by 5.14%, 8.35% and 7.44% respectively, and water-saving benefits increased by 50.07, 81.31 and 72.30
yuan/hm? , respectively. Results of this study indicated that synthetically performance of S2, with 9 000 kg/hm2 of straw
mulch, was better than other treatments, which is preferable for Weibei highland area in China and similar ecological
region, as the precipitation was below than 390 mm during the spring maize growing season.

Key words: soil moisture, straw, mulch rates, spring maize, yield, water-saving benefit, Weibel Highland area



