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1.1 X5

WX AL T 2= B4 R EN T 20 17 VI 7 2 4 Ll 5 V2 8] (1 1L BT R 5 Hi (100°12°E, 25°40'N , ik
1 966~1 980 m) . 1% IX J& V. #vafy ey i 28 AU X, A5 P 35U 15.7 °C, A B 7K & 1 000~1 200 mm , 52 2% X
S, TR, PR BB TE6—10 H (FNZE) , £ HFRE KR 1 85%~90%, 11 A BIRFES H (R
T L) FE BRI E I 10%~15% . BF 50 DX HE 3 74 5 ARG, 3 RE 10~7°, s R AT RURIHE T AR 90 B 78 1) AR A\ T
o BEFCIX A 5 DY 20 AR BORD BR HEAR A TR ) B0 A0y, R 3G b R i id R R SRR A A . 15
L 18 R IR A LR, FE A, 1 VERRE T 32 = AN = AN LU AT A5 AR B 255 5 7K 2 TR FE R 20~50 m, VK &
J930~50 m*/Ch-mD™ o MR 7K 25 SR IR 32 B [ I R 1) ) R A R VERE K N kbR o X P B R
TR B E R KR B 1 11 57K, S F /K E E, Hh R KT R AR FE AR .

WFFL X R B3 S % I X, VA5 LU R S0 2 A A 23 VLI, T AR 29 78.2 hm®, [ 20 TH 22 80 - AX 1 5
I ER R PP BRSO N R T I SR bR e b . RS MR R BN IE (30 E S 2R3, L R E
3. —MRAES AIRMIE B 3,9 Aok 10 A ka5 55, 1 7RI s 2 A g dedd H 8, 4 Rk
o FHE T RO E WA, BRI N L, #3830 d 5 HEATIB R, 3 SR B I A AR, A H L
JIE \N P,Os A1 KO it F & 43 51 04 225 t/hm A1 1 710,225,450 kg/hm?, i3 & it 2 ik ol ok & Uik o Rl i i 3%
TR A0 15 48 AT K 5 Ko TE VA /K A 455 3 B
1.2 BEKIRES N5

TR T 7K U RV S e A A i, SE 20 A4, BRI AL B A
B e WIS B SR B4 75 mm HLJEE #3551 PVC &1 i, BE
PVC & & 15 om A% BE DY A 45 B A28 5 mm [ B 4L, F 0.5 mm
(19 J6 e 9 7 55 o R 0 2 R IR P AR UF TR 0 g K FL B A T
ERARIRE M KA. R EPVC & AR ZME N 30 em & 1141
AR R D8 VU JE 2 1 ) K% S, PVC & by 1 b i
30 em, A 5 14755 o IR HL TR KSR 0 2014 4K 6
H—2016%5 H , 7E5 H 115,15 F1 25 H 437510 €

W PVCE MR , #5565 v 2R e £ — s 2 0 - 398 35 T , AR A 1458
A U TIRE RN R W e 3B (R AU ZE R A AR T = L FLBR
JEUFNBIE R B R R AR O SRR T T AT X ) A Ak
VT 5 5 4% 6] 92 3000 st 3000 P o g R R R 5 5 VE KA SRR T K
PRH I ORI BR)R) , RARZER ST Ex B KRG T RS Rk

WK R R BT R : =0.569 6B (1-H/S "0 Forftes | ol i K e
E N K78 R 58 E (mm/d) 5 Ex NRSZEKIT, BV EAR 20 cm 728K — WBKAR & W Ammim s i i
ML 5 {78 % 8 (mm/d) s HOAR ZHL R /KR (m) s B 1 % 2N T AR N ST
1.3 BHBGoHh

RIZH T AR iR 1 e 1E H SPSS 10.0 B 4F 734, K F GIS BT (1) Kriging S50 7 5 X R 7K 3
DRIEAT 25 [AGAE AT » FREa il R /KSR S E 2R 1A

2 HBRE5VR

2.1 R TKIERG A
F 1N FE X R E R K BRR R R M G AR . 138 1m0, VEHE T 5 St A 6] i R iR 2 i T 7K
HEERE AR AL B ZE A K, & K-S 50 R IR EH R KRS AR IERS 54 . 19661 9701 972 Al
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1975 m = FE R 2 R /KR AR IR A 224K, i KT 1 979 m A2 v 2 H R /KR AR IR (25.9 em) o« AN [H &
FEVRJZ MR K H S 84 A 25.21~45.07 ecm, HoHd, 1 966 m = F23% J2 b R /K HLVR £ i, N 45.07 cm, KT
HAE 2R Z N KR . A A S AR 2 R /KRR AR = RAAE 0.26~0.43 2 [0], J& T 748 o A, H
1 966 m = F2 7 2 T KSR AR 5 R %00€0.43) K T oAt S F2 v 2 b /KSR A S R B T L, il g 184
TS B RRRRATE , v 2 R K MR R e, L AR RN

1 KRBT ARG R it 45 4

i m FEAANEL S IR em IR /em ig/cm FEME/em i Y/em  bRdEZE AR5 R
1966 96 1.5 90.0 78.5 45.07 Y] 19.47 0.43
1970 96 10.0 71.0 61 39.93 40 13.48 0.34
1972 72 IEAR AT 45 80.0 75.5 39.76 38 16.68 0.42
1975 144 4.0 76.0 72 29.08 27.5 9.72 0.33
1979 72 13.1 39.0 25.9 2521 24.6 6.67 0.26

2.2 REMTRKIERATE I LHHE

SIATE 2 ATAN, 2014 4F 6 H—2016 4 5 H , HIFUT /5 S8 HAS [F] w5 A2 v 2 T 7K BEVR H B sh 3 580K, B
1966 m = A2 2 /K HEVR , oA AR 2 R OK R BRI Ay 2 E N 6—11 A (RZE RN 6—10 A), 12
HEWRES HRZ N1 HZEIRES H)IRZEH T KRR, 7] W, %2 R K HER 5 W 2 % V) A
X, BEBE T W, X 5505V 700 W BT RR I A R JZ 1R KSR BE N R AR b s — 2. T

1966 m /= R 2 T K BRI ] 4 2N 8 H B IKAE 1 R EH N /KR BRI Ay N 2—T H
5 H A = AR R B T K BER H AR AR R 2= R LA R AR .
R
2014 2015 4F 2016 £F
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T

0 T T T T T T T

BB H T KR/ em
& ;

30 |—8— 1966 m -¥- 1972m
oo 0 1970m —v—1975m

B3 % ENTARILEHED T

B2 &ERT AR &L

XITFZRC6—11 ADFEZR12 H IR 5 A AR 3 2 R K SR 2E (HEHr, 1966 m S AR
TR 8 H BRI 1 AR 2—7 A B ER T /KD , 5 A mfE ik ZE Hh T /KRR T R 2
(KI3). B s FEsE 0, 2R 2 R KPS 39 2 310 35.85 em (1 966 m) 31,72 em(1 970 m)+35.13 cm
(1972 m).21.43 cm(1 975 m) #120.07 cm (1 979 m) , FZ=43 ] 4 58.05 cm (1 966 m) .49.03 cm(1 970 m) .
45.61 cm(1 972 m)+37.06 cm(1 975 m)~30.19 cm(1 979 m), A WL, ;2= 1 972.1 966 m F11 970 m = FE % /2
FARHEZRZE R T 1975 m A1 979 m = A2, T3k Z N /KRB S A2 % . WZ2(0.15<Cr<<0.36)
AN T R 2 1 T K B R A8 S RO B K T 222 (0.13<CV<<0.25) , i R ZE K A sh i 2= 2, £
72 R Ay ok TRy 2 R O R R . Yl 3 R 3 5 b T KB VR B B R s S Ab , TR JE R KSR R, AR e RO,
B FY X 5 AR AR SRR ALAE R — B

Ay I R J2 1 T 7 VR P B WLk AR A e S TR S R A T M U b R VE T R S
Hb R 2 R K MR (1) B 23 20 A REAE , 12 A Kriging 5500 PRV HEAT il 501, E 2 v 2 R /K HEVR S 2%
(B4, HE 4] LUE H, 52200 W 22 2 R 7K HE IR BE 55 15 2635 S22 A JU () 5 4R 20 A1, B =i 72 B9800
PRV 3 S, VR R KSR 0 A S E R BIR B AR AR . RN ZRAH S 0 2 T B JE R
KRR IR AR A XA R — B, Horr, BRI 2= = R /K SR B I 20 A X — 20 B A2 1975 m
A1 979 m X3, {H 3% 2 bR /KSR R IR 1 20 A X 28 (B AR S 4K, B2 N2 1966 m Al 1 970 m X 3, 1
P ZE N R 1972 m X3, 0 BH LE PR R — SO S0 R, Tt T2 28 A0 R b 5T 26 A T i 72 52 i 3 J 2 i 7K 38R
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TR — B FE IR, A 6— 10 HoAMZE, N ERZ , 11 HBIRE S H AR Z, WA PN EURE ik
AR IEH R KA RUERT . EARVRJZ T 7K SR 52 [ I 2006 DK, (L B X A R PR o0 I A7 — 5 i i 2
N, 3% 55 0 AR S I 9T 45 R — 3, B A B R AN T 0 R B AR VELIR AT 5 S kb R 2 T K S R B 2 AR
o FZEBEE PN E AW T R SRR Z R KRB 2 TR . AT, H RN R R E R K
FBLPIHME IR, TR Z S AKTEZK 738 T v 1L AT £ 3 e ERA 0 1) 3 8 2 3 BRI
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= 50 £33
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2014 % ?gﬁ 2016 % 20144 2015 4F 2016 4F
() HEB & (DWKERE

B 5 #rhk AT KIZIRG B &

B T 5 RNV 2 1 KRR [R1 U5 25 B 3R B (I 6O , B 55 B N S AN T 388 1, 5 A s R v 2 T 7K S8 R0
AR B 1966 m = FE VR 2 R KRG H B R = A DG AS 3 AR (p=0.62) , Hofth =i FE 35 2 I8 35 2R PR AH G
(p<<0.05), Ut 1970 m~1 979 m = AEHIREH N ACHFERAMA B . 1K 5 XHUR P  FE I BRSPS
WAL R —3 . F BRSO iR 2 N /KRR 55 B I A0 A D% 1 B o = 2 0 B8 1 BRI, T AR T 7
N EAERTR E R KSR S P R AR DG s AN B2
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2.3.2 HiEARAZI R BT KIZFE R

TEE /K AT 5 9 2 b 7K R T 2 i) = B2 R LR W /K R 4 b T /KL B 9 2 b T 7K O A 1 2 (R 67 B
e b, — A B B A KSR, HLAMS 7K e b T ZK O R v ZE R AT, X S R KSR
SR B P 2 FTETS(b) AT, 1966 m =i 3 2 i 7K SRR 5 VE KA A8 A — 50, T At s 2 v
JEHL T AR S K AL ARG AN R — 2. S KAL) 32 R R A PR R DY A K IR (DT AR
A EESE , 7R R 22 (11 A B IR S HDOTET KR B A B R TN T2 T2 AR 1 5 B RE ML KR, (15 VH K
PR R 2, T TN 2R FE MR T 7K /D, HL B RO IR K AN AR AR SR IR, 1159 8 H B IREE 2 AT /K A 5%
i HAR A K. 1966 m i RV J2 b T ZK BRI 5B Vg g5 dlr , HL =3 v 22 R0, 1% s AR R JE R K
57K BoRE @ A EANHE , 1X 5 B BREECA N IR 2 b T 7K MR 5 25 KRR AR X 1 22 2 3 A DG 4
W—E R PR AN T b R KA 2R K KA S0 S 2 b KA I 2 e R S ] B T
FEH BRI SR, S AR TR 45 R HAR AR 2 1T KSR I A e B Vg s , Hos s
FHZERR, WK ANA TR 2 R K AT BEPE /N o SHERRE /KA AR 2 3t T ZK BRI EEAT B 40 Hr (B 7D , 2R BH Bl v
HEAKALIE N, 2 M R K R IR AR v, Ho P 1 966 m = R v 2 R /KR 55 VEL I /KA 52 0 I 3 2 M A 5%
(p<<0.01),1X 115 1 966 m =% )2 1 N /K HE PR 55 VG /K EAH 8 BRI 35S AH A, U6 1 966 m e
WM TR OGBS o FoAh SRR 13 E R KSR R KA A AN B35 (p=>0.05) , 17 H 35 =y ZE4H
FEKR.
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1
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B7 % BT AR S FEKM % F

233 Eia Xk BT KIZEMShA

VEE R SR R T KA AL E R K. R 2 A1 S (o) m N, BER B S5k 2 b T KB VR M S
A S FEBLEROK 1R 2 R KRR, EE R AR EREWED, IR EKEMR, ZREBMEWTEK
B, N AR A BB AR T KRR R A5 0%, e LU I NS ANA TR E L R OK, A E R K
PRURFF SR VR, TEIK JI3E BE R 3R 2 b /K B0 7 i@ B K SRAFAE o« RHBEBE B AR 2 b R /K HE R EAT (|13 43 By
(&1 8) , 2% HA I VR Wk = 388 1, v J2 R /K SRR M ALV, Horb 1966 m 5 1 972 m S R 1R 2 Hb T /K 3R 5
WEEZMEAH R A 2 (p>0.05) , Hofth =y A2 A3 2 3 R /KR S5 & 52 B A 98 (p<<0.05) 6

= 80 =
8100 #=0.05, p=0.30 r2=0.67, p < 0.01 80 =022, p=0.02
Q 80 = O g 60 O S
E’E O ® ®) 360 - O o
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B8 XEHTKEELSERZTH XA

2.3.4 HKERI X BT KIZF R

TR 78 R Bl A VR 2 R /KSR (P3G I i s/, SRR IG N B — e R, K R R AR AR R EDT,
JE MR K SRR L ¥ K 8 RBR R B B K 7 R B U2 SR AR R M SR R R R Y A T 1 2
AE 5D RTEL, A KK EAE8—9 A 1—5 H & LR, ZRMIEE /N T 22, X S5 FFEWE M
AR B DIAR G, A N IR JZ R KRR TE 8—9 F MR B, 1—5 AR EIR , WK E R B 5K ZEH
KRR R A DR (7=-0.934) , B FE T IEASEAN 38 (=0.193) , W] UL, §9 2% P& Y A2 52 M R ZK 3 VR 1)
DB IR 28, 1T 5 R 7K 28 RO 1N /K VR I R OK, & R R R K B B HE R A . B K T 2B R B AR
2 H TR KRBT A0 BT (L 9), HIER T 1 966 m i A2 iR 2 1 T /K, oAt i FE vk 2 1 T /K R B V8 /K 7%
R (3G NI 300 5 15 B 2R R R, R R H R KRRV (HER T 1 970 m SRR R Z R KRR S 9B K 7
KRB FEHLIN(p<<0.05) , Hl m A LA B3 (p>0.05) , Ui B A PR 3, WK 78 6 R 2 1 R /K HR
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K i s o Tl
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B9 XEMRTRZEEHEKRELZHX R

2.3.5 1A X BT KIZE R0k

R 7 FERT EEIE VB K 78 R R R KRS T 2 TR 3 2 R KR A, 33 2 R KRR GE 52 BE T | 4k
4B R SR R R 5 m™ . R 2 AT %0, 1966 m A1 1 970 m i FE 3 BEF N FRMIAI DU , B3]
WAHDTAR Y 32 REARBOR i 5 B R b A/ S AR A 20 1™, 8145 L8 2R JZ 1 AP IRV RIR > M b
KA % , T WG EVW i 2, M ahki, 1 B R34 EFLBRE R, IR BV, BRI NIB R R R EH
KA A AR, PRI AR T VERA , VR JE T KR S VR KR B I S ROK SRR, IR . 1
972.1 9751 979 m & F8 T B NI L B+, R A RS NAP.CE, B THE AWK L, 15k
AR E /N, FLBREBOR i@ K R4, Fodth 38 % A Sk RN 2, 3R R it B R AL R /), BT B
S E K22 IR X S B AR SR K E PR B S, LIK M BE ARG EP.CIRBIELRE 1
BOR 2R T KA, T, 197241 97501 979 m R FE ik /2 R /KB A , AR SRR /N o

(2 AR SEEIELLE EHESNE

. . _ e % /m Whi/% L/ % Fbia/% R Y - Bk R
#if/m AERR  TRRER 0~30 0.05~2 mm 0.002~0.05 mm <<0.002 mm (g-em™) AR (mm-min™")
A 34.91 56.76 8.33 0.91 55.84 2.4x10"
1 966 S p 30~40 37.32 57.12 5.56 1.36 4727 1‘8X101
w 40~60 4225 57.10 0.66 1.36 48.47 1.92x10
G >60 72.39 26.02 1.59 1.46 61.51 2.10
A 0~30 33.42 53.37 13.21 0.95 54.21 2.22x10"
R p 30~45 37.32 57.12 5.56 1.37 46.47 1.26x10°
1970 FIBHTE w 45-65 47.88 50.10 2.02 1.39 50.55 3.12x10"
G >65 70.68 26.02 3.30 1.47 59.88 1.74
A 0~30 33.62 62.56 3.82 0.89 59.81 3.3x10"
1972 UL az+ P 30~60 35.49 60.98 3.53 0.94 50.16 5.40x10°
C >60 2437 62.72 12.91 1.56 4121 3.60x10"
A 0~30 29.96 59.28 10.76 0.99 53.92 1.68x10"
1975 B azi+ P 30~55 28.14 60.17 11.68 1.44 44.50 2.40x10°
C >55 24.71 58.39 16.90 1.52 40.97 3.00x10°
A 0~30 29.43 58.24 12.33 1.02 52.24 1.38x10"
1979 g+ P 30~45 25.14 61.23 13.63 1.48 4325 6.00x10"
C >45 23.71 58.66 17.63 1.53 39.66 4.80x10°
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34 iR

DVHHET A 2t 5 AN s FE R 2 R /KR IR IEZS 0 A5 5 v 2 R /K HEVR S #4(8 0 25.21~45.07 cm,
A5 ZHAE 0.26~0.43 2 18], JB T AR B . 1966 m i Fe ik 2 T /KR IR (45.07 ecm) , 28 5 R B i
KC0.43) , BEIEHR T 5, 1% 2 HL R K HEOR AT AR 7, AR )N o

VR EH T KR BUR BRI H AR R EAFRWY, 25 S, RRREM T KR TN
7%, MZE0.15<CV<<0.36) 3k J= T /KR )28 7 RECH R T 222 (0.13<CV<<0.25) , ¥k JZ= i T 7K 3 PRk
AR T REGER, KA I SRR Z . TR 2R 2 T AR MR R S R AR il 5 e 2R 48 2 AN U A IR 4 A
FLZERI TN ZEAH N 20 2T 1 2 b T K HEVR 7R AR G X AN R — 5

3)1 966 m = FE VR JZE HL T /K VR 5 VR K AL 24 35 2R M AH 98 (p<<0.01) , iZ M AR )2 Hh R /K 5K
HONEEE , A B AN NI KRN A R . oAt R TR E R KR R R R R S AR A R (p<
0.05) , Fifi 5 B N EE 3G 0, v 2 1 7K SR A8 3, i VR 2 AT /K 28 R BB N, 2 1 R 7RO M AR IR L Sy B
FNBANE T o PRV T A3zt - 38 RS Tl A AR DUAR A 21 28 DY 4D 20 36 & 3 Bl T A R 3 R AR B K Tk
R AL 55 , BT DA, Bl A B VERIE RS , V2 R /K SRR, AR TR /N . R ZRRR R 2 VR 2 R K E B AN AU
LR OT VR E HR AK A RN A LN, VB /K 28 ORI b R /K PE K 35 BE R I ) IS A% 2 R B T
K 32 ZEHEME I
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Dynamics of Shallow Groundwater table and the Factors Impacting
It in the Nearshore Vegetable Field of the Erhai Lake

YANG Yanxian', ZHANG Dan’, LEI Baokun', LIU Hongbin’,
ZHAI Limei’, MAO Yanting', FENG Guangheng*, CHEN Angiang'

(1.Agricultural Environment and Resources Research Institute, Yunnan Academy of Agricultural Sciences,
Kunming 650205, China; 2. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China;
3. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences,
Key Laboratory of Nonpoint Source Pollution Control, Ministry of Agriculture, Beijing 100081, China;
4 Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

Abstract: Understanding the dynamics of shallow groundwater table in the nearshore vegetable field of the Erhai
Lake was essential for regulating groundwater resources and preventing nitrogen and phosphorus leaching. Based
on groundwater data measured from June 2014 to May 2016 in the nearshore vegetable field, we analyzed the dy-
namics of the groundwater depth and the factors affecting it. The results showed that the shallow groundwater
depth at different elevations showed a normal distribution and the average depth of shallow groundwater table
was from 25.21 cm to 45.07 cm with variation coefficient of 0.26 to 0.43. The shallow groundwater depth was
deeper in the dry season than in the rainy season, and its monthly variation in the rainy reasons differs from that
in dry reasons, characterized by a hysteresis. The variation coefficient of the shallow groundwater depth in the
rainy season was greater than that in the dry season. The spatial variation of the shallow groundwater depth
showed irregular distribution. The water level of the Erhai Lake, rainfall, irrigation, phreatic evaporation and spa-
tial variability of soil physical properties were the main factors that affect the shallow groundwater depth in the
nearshore vegetable field. There was a good linear correlation between the shallow groundwater water depth at el-
evation of 1966 m and the water level of the Erhai Lake (»p<0.01). There were also good linear correlations be-
tween the shallow groundwater depths in other areas and the rainfall, irrigation (p<0.05). The soil parental materi-
al was from river-lacustrine facies deposits into Quaternary red clay away from the Erhai Lake, and the permeabil-
ity of different soil genesis were from stronger to weaker. These factors caused shallow groundwater depth was
shallower and the smaller change range of water level with the farther away from the Erhai Lake and the higher
the altitude.

Key words: vegetable field; Erhai Lake; shallow groundwater depth; spatial and temporal variation; influencing
factors
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