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FHARFR F36°36'36" N, 120°5'44" E, kb TRk
W AR X, R AR N3] mo RRR
WARW AR X, KA, 28T
KFE601.3 mm, FEEFT6—IHM, FHEKE
1 711mm, 4EFHSE12.2 C, HKkESIE38.6 C,
AR -18.3 Co {0 X N /KA VR, W AR
1E0.7 ~ 3.5 mZ Al gh, FELLLZK . BKE
KAEE . TR LR 1, LR IR
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IR E ERRE N AR, HhE ERA KNG
H AT, S5 TF10H s &/ AR 10

Aragtes, 45K T5H T,
1.2 RIWHE

T 56 B 18] 43 551 38 B B R FN A /N — A 5 g
AR K E I, B B 20124E6 H 8 H 22013486 1
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e, HILAREAL PR WA, R B 595 5 O
25 2 HUR A R ACRIEAT AL E , FH IR TR U
AR ERE, RIS JZ 1 HE B K A3 B AE i 26 R 25
BeA, o BIAE R #2040, 60, 100,
160 emb iz 37 3K S HURE 5, — 10 dEURE—
UK, G T BT R S5 0 2 B — . R K A FH L
T BT E L L R YRR M R K B Sk
5 T K SR 10 5%, VR et S B S IR Ak
P S PR W O, RS 0 N L R4 R, ORI
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*1 PREXIBEFREARREE

Table 1  Soil particle size composition and bulk density of the soils tested

- . , . " B
TR W B 0 hL Hy i Rk
Bulk density
Soil layer (c¢cm) Texture Sand (% ) Silt (% ) Clay (%) N
(gem™)
Bt
0~40 45.31 32.25 22.44 1.46
Loam
W BRI+
40 ~ 100 46.86 28.09 25.05 1.48
Sandy clay loam
Rk
100 ~ 160 51.53 27.65 20.82 1.51

Sandy loam

1.3 kg R
K AR T A

0= iﬁidihf (1)
i=1

K, ORHE—LZMEEOKME (mm) 5 0 8%
— L ER IR KR (%) 5 dRRRN AR+
AT (gem™) 5 o E—HZHEE (mm) .
14 RHEZEHEITE

A HZE i 3% T 28 A i FAE Y 75 05 &,
A Hydrus— T8 2 19 Z8 BOH AL s =35
AT . A i R B RS R, $E 2 B TR
WEAb 2 DA SR ZE iU M, R i Ak #8 A K
B, WIIRE K G AT b6 i 20 S50 Y 4 K
o ARSI B A S T A2 A A K R (B

FB BAMAG , HAb K Ty 27 2 B0h AT 19K 74
fiE i 28 B ARAT o AR AR KA R e £ Fedds i RY
R 2R W 7K 2 B BE U H y drus — 1 B8 122 T A 36 K A /)N
g, k2,

WG ERE LR 2! (FAO ) HEFERY
Hargreaves AT, #i%& H XL ¥R AHydrus-1d
B, e 0 i R T ZE WO R HORAG R R
St zaEBEE, AT NP rKa- P,
1.5 HTKSLRARBREITE

AR K 3 AR R A rp 3 O R AURK
FEWRANH T KA A2 R R, T DL e e MR
M RIEAHFE . QR LK R AR AR AE 1
SEIZIR BRI O, AE— B TRy, 280 ek
VAR -
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Table 2 Parameters of water stress during the summer maize and winter wheat seasons

PO POpt P2H P2L P3 r2H r2L
(em) (em) (em) (em) (em) (emd™) (emd™)
-15 -30 -325 -600 -8 000 0.5 0.1
Summer maize season
INFE
0 -1 -500 -900 -16 000 0.5 0.1

Winter wheat season

e PO: MRAFFURW AR Fe e £ HEFL T # ;. POpt: MR AR WK B R A e G A - L i P2H . 281 R M r2 HIN A9 Il A 1=
HoK#s P2L: ZEME HURON 2 LAY 1Y B £ HEOK 3 P3. MRAWIUKZER S T 2H . S rE &SR %R, 2L, KB rEEE

#WF; PO: Maximum soil matric potential when roots start to abstract water from the soil; POpt: Critical soil matric potential when

roots start to abstract water at the maximum possible rate; P2H: Critical soil water potential when soil transpiration rate reaches

r2H; P2L: Critical soil water potential when soil transpiration rate reaches r2L; P3: Soil matric potential when root water uptake is

at wilting point; r2H: Maximum potential transpiration rate; r2L: Minimum potential transpiration rate

A Q=P+e+Cp-E,~R~P P E-T (2)
A, AQJ—Beif ) Py Y 8K i i i AR b
mm; PREEKE (FEBE) , mm; ey LK
R KSR, mm; ECNFWIMIZE A E, mm; C,00
KFBEG R, mm; PR BMEY A, mm; R,
R R R, mm; PR A B 5K )Z
M, mm; ENTIEZELE, mm; THHEYZEE
i, mm,

GG WEFT XA SEPRE AT 0 AT . ESR X8
QLR A I, s, IR A % e
Biite M TMMAZE & . KIREESS FA HAEY AR =
AN Gy WS, B DL B BUE AR /N, R AL e AN
K, P 2T, Ba, XN K E
TR

A O=P+e-P,—~E-T (3)
P=Pxa (4)
K, a AR AE R, RIS X 1 58 5T A
i, #EHa=0.21,
It
e=A Q+P +E+T-P (5)

KBS AL A AR R h B R H
HAEEA K MEBLAK, AP AEYAR R UOBCRF .
e L5, HHOKEIRE T RR A

W=E+T+A Q (6)
X, W EEEKEREE, mm.

2 ZER53HE

2.1 1EIK S IFPEIK B b T 7K 5L BY B 755 M S

YEPIFRZE . AN [RIE[R] A R K BB . Bl T KA 38
ARG, JERPCE T R3S K EE e R
B BARRA AR SEE  RE KAE 2 R R
TRk, ENBEKESHRAYS), & LR
KL, ZR2N; BKBEPER, B, HE
RAETE B ] N IR B, 2 X Se R e, il
565 X - 8K 43 B B[R] 14 28 Ak 22 0 — o R . &
1R EAR—L/NEZ AR 50K 73 3haih 4.

RAEE, 7 LUK E B oR—4 /N2 AE 1 4
K A2 ARG R LT LA B B

F—BrBE (6—7H ) o ZBIRHY LRI04
PERERT, [RIAF FOR TR K 28 L i/, b+
KA BEE NI A T )2 R, &R
KIG, BERAB A RN THE, #FKEDTE
YHAEHIHE AR E 0 e, 1100 em 1160 em P 4L
1) - 438 K S B A &

BB (8—10H LA ) o DL AR R I &
1P =Y S (R 7B | L o B o) | I TS T B
AbAE B R OR A B AR HE SN, TR K 4 KR
i, RWREEW G, KA RPUERE T i 25 kA
T ZEREVER, P RS K T Rt Hoksh
JEIZL
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Fig.1 Soil water variation curve of the farmlands during the

summer maize — winter wheat rotation period

P2 g BiF 52 IX 6 K — 4 /N A2 e A 01 T K Ao
MRS O ATLAR BRI K A2 il
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FEFR 3183 mm ) , M T 7K 3R B4R 4 Y SR Ak
6 (0.82 m) ; MAE/NEWN, FEKFD, ZEHUH
XTI, MR KRR R E o TN AR
KR, HEEKEIER 2 ERTR, #F
Kl AR LT K, R KA TR
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IRAE BRIR B Bl I DR o A B B, Al S
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oy SRR . U KA R AE R B A BLOC FR .

B, R R[] 2 K 735 B ) 22 A Y
MARERARAAE . 28 A E, 40~ 60 emL)2 5
KA AR P S A R RN, R ORI
AORRRL & B, K RE TR, KA 5 i B e
IR, PSR A, 252 S K T R
ML T, %)z BT TR E R A FRERE 2K
HEMIEM. JFH, ZLEXERERS 2R
38 U LA S A 3K o anfef 1] s s AR R A H 2

AR

SEVUBY B (4—5J1) o /NZE ik A Jl B 2 i
W, fE R KR, B A, AT R
I R EA IR 5 1B o K 4 e Y gk B 32 %
EH3H28AM/NERH#ESIR., #FAH )G, HA
JINZZ (RSO R TR 08 ke I, - B 8 K B 4R 3% W
Hem.

4._

HRKALERYR
Depth of ground water table(m)

0 i i 1 i i 1 i i I i i I .
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H# Date (yyyy-mm-dd)
B2 HER—E/NERAE T KO A A O
Fig.2 Changes in ground water table during the summer maize

and winter wheat rotation season

22 HIEKBEEREKTHIFER

K R IO R ) R —
HAE T 5REKE . RHEZERGE . RS HT I
B, H AR A AR AR5 B0 nT DA B S ek 7
AN [e) s 9 ) 75 K R

K A B A T R W {1 3 2 R
WA LE I, FEJCRE K SE IR A I, B TN 2%
KK, KRR TR, WNEBTTLIES, £
KA K g B SR ZL, e KA(E15483.6
mm, He/MEN351.7 mm, FIEH TIZEBLAT
W, BEREECR; Hk, ERRERE, KMHE
SRR, AHZEHOREL; A, ETHL T KA
A gh B HRER R, Bk, HHOKAE R AR AL T
WAARTRERS, B2ZREHNI9T%., Mi/NEAK
Wiy, FEMERED, RER, & HEEBEA,
Hb T AR SRR AR AR B /N, DRt 3K i
HE SR AR, R K382.8 mm, H/MEN
313.2 mm, ZAERNG6.55% ., Xik—H: 0 11
KA HIAE L SR, A% T ZEH LA K AR 3R R A
HEVINEER
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Fig.3 Changes in soil water storage during the summer maize (a ) and winter wheat (b ) seasons

Horb R WIRETR358 mm, /NEWIFERT159 mm, E
350 Hh T WFFE X K RIS 22 AR K PN ) i 4% 2
Tk T KA B K R KA R Y G
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Giitah R, I%iﬁ%ﬁmaomi%ﬁ
KEARE, 40 ~60 cmt )25, BAH & KR
Im%ﬂm,ﬁwﬁ,mﬁt?¥%%%§,m%
AR A5 X A 2R i 1 KB T 40 ~ 60 em
Za, ZFaamm bl b, Kot - HEZE L A Y
ZEBm iEgh; BEEEUT, £HKSM iz
3, IWRABWAHT SKZ. HAE2ZERETUE
o, RE L (0~20 em) &K B E) 0% 3h
AL, ONIZ RS2 K MR ik, BEE +
BEUREE RGN, K B IR, DR
TN 2 2 A 58 5 7K i o R K ) A8 Ak i Ry R
WG IZ)2 oK TR RERERGBN, HitERZ
AR RRE R TIREZE, H KA R Z T
B 5 40~ 100 em HIEE R TAAER LR, B
KGR, FoK R R, A K R AR b B
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22.59) , KRR, FEHTIZEEE
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MR K EAMAE TR . ORI I K S
H397.0 mm, A TRAKF, FEHTEER
HZE & om g, FEDIWOKIA s TR, 74825 R AU
(9.97) , FUIFERN . VEBELL R 7K AT LA B
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2 TR SRy 12z B B ) PR 688 R o A /0 L iR K SR AR
T KR (348.4 mm ) A TFEAKFE, X 5i%E
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Frd K EERPET40 ~ 100 em T2, HMiZZES
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SYERZ E R — e PR ss , ASEia
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ZE LTI, MU T KR IX E EoR-A /N R AE
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AHE A e Z, PR X T /K AR bt 4 )2 A9 5 7K
FUKSA B B, Do, #7458k 4 B i Ly
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Table 3 Statistics of soil moisture content, in various soil layers of the profile, soil water storage of the profile and depth of

groundwater table during the summer maize and winter wheat seasons

A K x 100 (em® em™)

Geit ik FHOKAER" T AR
L 0~20 20 ~ 40 40~60 60~100 100~160 160 ~200
Statistic (mm) (m)
cm cm cm cm cm cm
T
16.38 24.25 27.00 26.26 24.45 24.04 397.0 1.88
Mean
EE/S ] P 2%
4.04 1.74 1.64 1.65 6.52 5.43 39.57 0.68
Summer maize Standard deviation
season 5 5 R B
Coefficient of 24.66 7.18 6.07 6.28 26.67 22.59 9.97 36.17
variation ( % )
4y
17.32 23.28 26.28 23.41 20.70 19.94 348.4 2.28
Mean
/N2 P i 2%
6.02 1.45 2.82 2.33 2.17 1.58 22.83 0.34
Winter wheat Standard deviation
season 5 5 Z Y
Coefficient of 34.76 6.23 10.73 12.09 10.48 7.92 6.55 14.91

variation ( % )

H: DSoil water storage; @Depth of groundwater table

(4) . X (5) BIRRAFHIGY X 4 5K FHh T K 7E
R 110 B BsF ] PN 0 5 o it o FRL 40k 6 K A U AT /)N
2R RN K 5 H T KBS e 1 AR AR B

Ml 4an] 1, FoRA K 30K 517k sg
A%, Hod IE AR R R AR - 3K A A A
FARIR, BRI T K5 B R R 5 K2
M. 78T ORIEFI R HIE, FREmL, By
JIE TR K AT AN EE KR AL RN, K 53>
P —ERA, MR AGE T B AE R RS K,
UL T K (A £ HEOK 51K 138.2 mm. 1] B KR
KWw i — Bt = A i 2 1) LB e, X R8I
N CTHEWE A iy, 7= T K BRIRIR 3% . ik A TR
Wi, TR RN, R K K B R A AR
FATZ WS/, 0 ELE SRR B A% [ TR AT DA A B RD
BENHL T K, AR KB, — UCRAE ] R
KB EN81.38 mm, H Bk Hr ol A, M
MR, B TR HZE R FEY 20 R e, b
K 436 B ) P9 T LR AT T K AR A R 2R K
s RFTR ST AR 28 R MM ZE IS L, K5
FHEB

FRIEAF 5T X 24 A P R A, /N A KN
PEAT T AURHEWE , & 4 i {35 Sl A O = 1
FEm i . MNEIAbTT LA Y, 78 A& AT 8 A% B [
W, THOKEHTRKILEARmEKR, E2hiT
KNG K, HAMG RS AR E, x5
I N R R D, A I ZEBORSS A Y R, |
F12A 0 1A 2 AN, ZEERSS, EYW
KA, PR O, AR R /K 218 b s £
K HAMA AL, E4bhiE(E (79.31 mm) N
34~ H [E] B s ] P R K R 2 K AL R i /)
HTEER—I TN, R KRN K R 18 T
B, X SEYT KRR T RS — B0
NG HE AR S, (R TR K R BT,
TSI RERCDR, DR T T 2K RN 4 A e 3
Thim . Elabhagsem fiERM, T —k4L& D
VEWE, ¥4l 3K 4 e A R W R A B T
(0.829 ~41.14 mm) , ULBAMEE B T U5 5
1 B B IR A TR B

Fe 4T A KA T E K 5 R K AS i B
B, BoRARWIBKGRE K, &HKD 4B
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Fig. 4 Volumes of water exchange between soil water and groundwater during the summer maize (a ) and winter wheat (b ) season

F4 EMERKHRALEKSHTARBRERE

Table 4 Cumulative volumes of water exchange between soil water and groundwater during the winter wheat and summer maize

seasons

KA T K
Water supplementation from soil

water to groundwater (mm)

T KRN 2 R K
Water supplementation from

groundwater to soil water ( mm )

FRAKIM
228.0
Summer maize season
INEARK
70.09
Winter wheat season
IS S A (]
298.1

Summer maize and winter wheat seasons

287.5

266.9

554.4
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TOKHETR AL, 4 b AR R R K
W, H R R xR AT (2875 mm)
INAE IR K B i AR EL R 5 /), PR TR R AR AR
MERN R T 5K, R KR &K R b
RIFEENR MRS, HAMAEEIR, 2470.09 mm,
JFC At s T 0 75 2 M K 3 i B AR A R B R
fraban o BT K-A /N AR KR et
A2 172563 mm YA, UEWIAEHL BRI,
bR AONS S B Rb 25 o e S K TS R R A AR R —
e

25 TEKZR=ERFA

H TR AR AR 2 4 /N F I oK
FEARMMWER EENAALES0 cmll B+ 2d, A
INFEBRRAR R GEE B ML 100 em (FKEE A AF)
200 cm ), HAR ZRIWK 52 03 Bl 32 208 2 46 P
160 em-+JZ AP, PR B 20 2 B8 K 9% U i b
FURIE 160 cm, MR+ HEK At B AR 28 B0 1
TR IR Rz ki . MY ZE SR . KA
HAMERMRAARK (6) , R\EKREKY . M
AR EOR—2/NERAEIINO0 ~ 160 cmfy 1
HOK BRI, IERSHR .

x5 EMEKPKBIREAZRITESR

Table 5 Soil water storage and variation during the winter wheat and summer maize seasons

b K A AR A

Change in soil water

ZEHce

Evapotranspiration

K B

Soil water storage

storage ( mm ) (mm) (mm )
FoARA AR
20.40 370.0 390.4
Summer maize season
N AR
-17.90 505.6 487.7
Winter wheat season
H A KR—& /N ERAEW
Summer maize and winter wheat 2.48 875.6 878.1

seasons

LA, R T KRR, BFREIX A
FR—Z/NERAEMN L HOK R, X F

878.1 mm, WFFE X HAEGHEA L H 500 hm?, #itH
R WAET LI T RS, & EEFRE KX+

HOK B IEE 439,11 Tm’, Al UL, A HEK R R
L A FREwRAKEAGEZENEH. 46 1Lk
TRGREE A, A HAE TR R X Bk EA T2 35, ok
Ho 1 N K A3 KB e A I FR 40k s 2T 5
HAEATHEWR RS, N AE 7843 R FH 3K 5 R A (] B 2l
PEHEMR A, MRAEVEY AR 0 A K By Be il w2 5 BN
VR B AT VE R A, DA R BT 9 KR Y H Y

3 45 i
S 3 T K T 9T SR K X+ 4k —Hb

TOKEALRIOTSE, A5 Hh L HEK o BE N 1] F) A2 T 52
—E MR B Kk S K MR RS ATAE B

AW FR . B EK-ZNEZ AN, X 4K
it A AR T B e = KA AR fE SRR R
HZE /I L St TR AL A B VTR R 5 TRl WL 5%
RG], 8K 5 R KA B A
HHRALKR, TEXTRAEY T KA BT B B 520
FORARK BN W TR . A H 28 805 1E AR
T K 5 R K S AR B, K AR 4 T K
228.0 mm, HbF/K#MG £ 4EK287.5 mm, HZS)
LA B A HE K 2335 T LA B MR K A 2 3 5 R
%, MR KA TR AR 22 RECN36.17%; /N
KM TRERRAR /D, AR ZE Mo s 5 5, 58K
SR KILT R B R, 2 h R KA
K, A N266.9 mm, HAMA AR T K
FE o 38 AT 7K A AR T K R X A K
Vi w oN439.10m’, ANl 45 R 45 18K 9% R
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TRANSFORMATION BETWEEN SOIL WATER AND SHALLOW GROUNDWATER IN
THE MIDDLE REACHES OF THE DAGU RIVER

Xu Shaohui'
Shandong 266071,

Lin Qing'

(1 Department of Environmental Science,

Yang Yuzheng' Wang Songlu’

Qingdao University, Qingdao, China )

(2 Hydrological Bureau of Pingdu, Qingdao, Shandong 266700, China )

Abstract Qingdao is one of the cities in North China, running short of water supply. So it is very
important to preserve and save water resources for Qingdao’ s sustainable development. In this paper, on
the basis of a large number of field experiments and long-term stationary observations conducted in farmlands
in the Dagu River Basin in Qingdao, a series of basic information, such as soil moisture, groundwater

table depth,

were acquired for analysis and computation with the soil water balance equation coupled with the Hydrus-1d

soil physicochemical properties, precipitation, irrigation, meteorology and some others

software to explore relationship between farmland soil water and groundwater in areas with shallow groundwater
table, and further to determine quantity of the soil water resources in this region. Results show that soil
moisture regime responds quickly to precipitation and depth of groundwater table; soil water and groundwater
supplements each other mutually; and the transformation varies in characteristic with the season. During

the corn growing season, soil water and groundwater exchanges frequently, as a result, soil water leaching
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and drastic fluctuation of groundwater table is likely to occur. During this period, soil water supplements
groundwater with 228.0 mm of water and the latter does the former with 287.5mm, while during the wheat
growing season, as there is no irrigation done, the relationship of mutual supplementation almost becomes
that of one-way supplementation, that is, from groundwater to soil water, quite stable in rate, compared to
the corn growing season, soil water supplies groundwater with 70.09 mm and the latter does the former with
266.9 mm. Through calculation, the soil water resource in the study area was worked out to be 4.395 million
cubic meters and plays an important role in guaranteeing crops growth. It is essential to formulate a reasonable
irrigation scheme so as to make the best use of the soil water resources, and to achieve the goal of water
saving agriculture.

Key words Soil water; Ground water; Water balance; Hydrus-1d
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