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Abstract; In Shouguang, as a Chinese-famous production area of protected-land vegetables, the phenomenon of excessive
fertilization is very common. To investigate nitrate-nitrogen (nitrate-N) variations of groundwater in intensive greenhouse-
vegetable farmlands of Shouguang, a continual site-directed survey on farmland irrigation and countryside drinking wells was

carried out under two different agricultural cropping systems. The cropping systems studied were wheat-corn cropping field
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and the greenhouses of annual two-stubble tomato during 2003 —2005. The results suggested that with the passage of time,
the variation of nitrate-N content was little in the main-field groundwater, and no exceeding limit was observed on the nitrate
contents in drinking water of the countryside. However, in the greenhouse area, nitrate-N content in the well for irrigation
during a year (from the beginning to the end) indicated the significant increasing tendency, and further more the annual
change was regular and increasing. The average value of nitrate-N content in irrigation water was higher than in drinking
water ,and in shallow groundwater was obviously higher than in deep groundwater. Whether in the greenhouse area or main
field area, the different well depth had great effect on nitrate-N content, that is to say,nitrate-N content in shallow wells
was obviously superior to that in deep wells. The phenomenon of nitrate-N over standard was very common in countryside
drinking water of greenhouse areas, and the maximum nitrate contents reached to 45.60 mg-L™', and compared with
Chinese drinking water standard (20 mg-L™"), the ratio of exceeding standard was up to 37. 50% and average at
14. 06% ; as for drinking water upper limit recommended by world health organization ( WHO) , the ratio of exceeding
standard reached 56. 25% and average at 42. 19% . It was concluded that cultivation pattern of intensive greenhouse
vegetables resulted great pollution of nitrate-N to countryside groundwater, and the high nitrate content in the drinking water
has composed a potential threat to the health of local population. Qur results have good significance in the field of modern

eco-friendly approaches in pollution ecology.
Key Words: cropping system; nitrate-nitrogen; groundwater; drinking water; irrigating water

W ABREREI T XA EEREAR. BEELLSZFNER, NKE ST KKk
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1 W5 EiBiER

DAL R S B R A AR AE IR X —— LIRS AT MRS KR, Ftab & L IRMe IR, A Fb s
36°41" ~ 37°19' 7R 118°32' ~ 119°10" Z Ji], AT 2018 km®, B0 o b B 1 L BRI KT IR, F3
MR AT 432 b, M T3, M T /KB IRAR K (15 ~30m) , SARB BB IR B MM K RE S5, B8, 48
PIRETH B 550mm, BAEFHZE KB N 1345. Tmm, FHERREBEWESRET M ,2004 48, 2R IEHE
ik 5.4 J5 hm®, Hrb 80% LA RIERSE , 5 RAESIER B 43% ", EEMEEY A/ME EXK K
HIBRE,
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R IERIR RKEREITEMKET L, 544 L s SR, W M 2003 489 AIFHA, Z 2005 48
12 7 255, 3118 KO 2R SR A IX S HEAT 8 YRBURE , K PRI AP X HEAT 5 WRBURE . BURERY , R B3 5 R 55
W MBRTLAK IS B EEAGKELLTF 0 ~1m ) , AKREBUE S5 S BI LA SOml 3B B &, 8, 45
BEFRIT, M B L E A KA R, B IE
2.2 PERIIE

WERT—FK B EGBUL R , &6 T, MR e 403 i H BB, B TR Gk IR — E RSO
B, HR B E M2 B VE Bl P9, SR ESE W B2 H7{X ( CFA, TRAACS2000) , U E K BE PR SRS &
2.3 HERE

FHTIE 10a ST KA TR B, Bk P RN EE 2 22 AES R, YR BSE & E kK
(BATER—ANKIE) o ARAR Y HIBEIRE , Ll 60m SRR KAt KR 4RI (<60m) ZEH:( >60m) FK,
2.4 ¥Egit

A SPSSI12.0 i 4k {4 #0 Excel HATEHRAL I 553407
3 ERE5SH
3.1 HRARRREIRE T T A SR A e B Y A
3.1.1 FEEAHSREELL

FRFEA R TEBKTHSRN S B RN 1, hFP R, KX ERAE T A PRHESENS
B BT, B BB K 4 54 3.02.3.47.4.66.,4.27.5.67 mg-L ™" BiBA K H X BB K PO SRS
BREMHE A b2 SR AR R R BRI, TR RIS 2 AA sl . 728 RN, A RS RS
BB RMEH 15.50 mg L™ B/ME IR (GREH) . KB WHO EZEM KA AMESRRES iR (10
mg-L™") , ZEWSTI B4 28 ANAKFEeh, K X R T KSR R R A 14.29% , FHBARE N 5% . TR
R 3R E A S K IR R BARENLE A9 PR (RSS20 mg-L ™) 77 ZE AN Wit S P , WSF KA AR S
BRI

KGR XER KPR SAN S BN ES TRAX  MEN TS BREEN 4 ~7 /%, 2R XK
BEKF(P<0.001), 7Em3t 8 WHBUE P, AR S ETH7E 13.89 ~40.00 mg-L™' 26, JHBEH T
WHO BRI RSE S B LR, AHMESR S B R 5% 88.03 mg-L™' BRI 4. 16 mg-L™" , F#H
2 20 £, R A R AR K EHSE S BEERRZ R, FEE N R , O X KPS RE
B Ak - BB S s, BARIURER MBET S, EN ST, AWXERKPHSESE
BRI R LR , Z B EFRBIR RN T 26.09% ~65.22% , FHFBIRER N 44.02% , WHO iBAREAF
52.17% ~100% ,E3¥#BArE N 72.28% .

FE A KBRS P AT 20 42 80 4RARI, B4 20 B4R B ¥, Y RTHI KM X L #p R 70 R
Sk /G2 - F KA I 2 R b R SRR SR AN . FENETN S XS8R L 3 R B 15 R IR B U, A H 3 F K sy
BRBSBNAMMKHZR, KT UARMERE S T AMSESB-ETERNEW, REE
B, ZE FRRFEAR TS EER R ERNRARGERKNZ T 2) . LB IGE
RILAT LA H, /N - TP R B4R R R B AN 178 kgN-hm 7, i KAl K W i35 1541 kgN-hm ™, AR
ER¥BERENEFIUE, SRR ERRES TEDASHHELERE . ZEIKREIFET i+ HE
EMSBME, /N E-FAMREEAT HESFHSBREANER, AW TEURR, REORERATED
P R B S BRI EEUMBRRE TRRGE) I R FE IS T K E X RS, R 5%
FEBREE BT T IREEA T 5 e Tk ™ it il T o84 K B X T KSR S EBRRBAK, K
X NBRRSIERIHE . B, RMERR T RS B RIER A, B R TR MBS &8RN
TEEREHA,
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Table1l Comparison for nitrate-N concentration of irrigating water in two cropping systems

iR R BURFE ] Time
Cropping T H Items
system 2003-09  2003-12  2004-04  2004-07 2004-12  2005-04  2005-07  2005-12

KH SP-34{H Average(mg-L1) — 3.02 3.47 - 4.66 4.27 — 5.67

Main B Maximum (mg-L~1) — 7.12 8.04 - 10.73 12.44 - 15.50

field £/ME Minimum( mg-L 1) — 0.01 0.00 — 0.11 0.11 — 0.21
BREKCV(%) — 80.07 74.02 - 74.39 77.32 — 75.63
EtREAR%E( >20 mg-L™",%) — 0.00 0.00 — 0.00 0.00 — 0.00
?T?Oﬂ;:ﬁgﬁ@ ) — 0.00 0.00 — 7.14 3.57 — 14.29

N SEA4{H Average(mg-L~1) 13.89 19.60°%* 16.42%** 18.84  27.10°** 20.28°** 25.63 40.00 %%+

Greenhouse {8 Maximum(mg-L™!) 33.67  43.46 36.85 41.06  52.30 43.24 46.85 88.03
£/ME Minimum( mg-L 1) 4.16 5.19 5.45 6.32 9.73 7.01 9.62 10.59
BREKCV(%) 63.45 65.99 62.76 69.59  59.63 60.15 60.30 65.91
EfBIRE( >20 mg- L', %)  26.09  43.48 39.13 39.13  47.83 43.48 47.83 65.22
WHO AR (% )

N 52.17  65.22 52.17 52.17  91.30 73.91 91.30 100. 00
(>10 mg-L™!,%)

— FRFRHEFTIEM means no monitoring at the time; * * # 378 (T-test) 353 0.001 EFE/KE * % * indicates significant at 0. 001 level; T 7]

the same below

£2 WHHEERTHERRR
Table 2 Applied N rates of two cropping systems

AR #0 RAEWAR FOFRAE REBR
Cronoi - : Crop for rotati Applied N rates Crop requirement N rates N surplus
ropping system rop for rotation (keN-bm ) (keN-bm?) (keN-bm )
KA Greenhouse K FFEFE Spring season 862 225 637
FhAFE Autumn season 1129 225 904
44 Yearly 1991 450 1541
K H Main field /N Wheat 343 180 163
E ¥ Com 210 195 15
£4E Yearly 553 375 178

3.1.2 HRAKBESRIEZWL

/NGE - FORFPHL R AR K AN S R F2 & BRER BB LR/D , B B R E R A R E B, X5
B KHI B —B(FR3) . BN ENHN, KAKFHEREFTEREEH(42.9% ~75.0%) & T 3
mg-L™", Bmi 4 8.90 mg-L™' , RARATCRIH) o — BN, MRRE X T K PHSESRET 3
mg-L~", WP K3t TR BERIER 2B A LSS A o 28 W B 7P , Ok F IR AR K SRR AS R
f i WHO BRI T AFEMSR I EENNE . Il , /M- TR KRR K B AR Z
2ok AR A7 FE B S B RAERE R, H T K BEH L2,

KGR E X R RKAKNHESREERKRB T IEZ-ERMERX, MEFERBEEESR (P <
0.001) , B BTk 45.60 mg-L™" , ZURBUEF-HI{HARFE 6. 70 ~18.46 mg-L ™" 2 6], HAFEW BHFE T4
Pzl , X5 2 HE WK H R AR & BRI, 3 AR I BK AR AR FK B B A AR o ARBT
JE A, R R HAR R LARE D w0 1 DU SRR U R B, XA A i R g 7 — BRI R S B R EBHR
RBARPAF I TWRBEBEAH T K, FE KRB H R H MR R KK 2, FEBA BRI RS Y, O X AR A
HAKHERERARE ¥R, 2REA R BHE, Bir@ERRAE 0 ~37.50% Z[H], ¥ 14.06% ;
WHO BIRRAT 18.75% ~56.25% ,F3392%5 42. 19% , iiH M T /K ELZ 2k HRBREFFEKITH.
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Table 3 Comparison for nitrate-N concentration of drinking water in two cropping systems
AR BREEEE] Time
Cropping M H ltems
system 2003-09  2003-12  2004-04  2004-07 2004-12  2005-04  2005-07 2005-12
KH SE-H9{E Average(mg-L~1) - 2.13 2.25 - 2.84 2.98 - 3.59
Main B {f Maximum( mg-L~1) - 6.12 6.71 - 7.47 7.31 - 8.90
field #/ME Minimum( mg-L 1) - 0.13 0.18 - 0.11 0.52 - 0.61
TREABCV(%) - 75.58 79.48 - 75.30 65.05 - 61.58
EiRBIEER( >20 mg-L7!,%) - 0.00 0.00 - 0.00 0.00 - 0.00
WHO ##r %
ﬁh‘ﬁ_f 6) - 0.00 0.00 — 0.00 0.00 - 0.00
(>10 mg:L™",%)
M SE-H9{E Average(mg-L~1) 6.70 9.25%** 7.67°* 9.53 13.417%** 10.687*% 12.91 18.46 ="
Greenhouse k{8 Maximum(mg-L~!) 16.94 22.87 19.57 18.74 25.60 23.50 26.20 45.60
#/ME Minimum( mg-L 1) 1.32 0.88 2.16 1.86 3.78 2.67 5.12 6.32
TREABCV(%) 75.86 70.35 66.27 65. 65 59.45 60.41 54.29 67.08
EiRBIEER( >20 mg-L7!,%) 0.00 6.25 0.00 0.00 37.50 6.25 25.00 37.50
WHO BAr¥ (%
AR (% ) 18.75 43.75 31.25 43.75 50.00 43.75 50.00 56.25

(>10 mg-L°1,%)

3.2 FMMEER T AREEKFPFHEERANIE
B4k
3.2.1 AREEERKFHHSANSIREL

/NG - FORFPE X E LK IR H AR 7E 5. 31
~9.48 mg-L™" I H0.73 ~1.86 mg-L™' (E 1), &
HHHHESEASENWEETHES, BHKPHESES
BRI IIR/N X5 LRSS FTIHER,
FERMKZEN, JCRTEW = 0 B A, 5 4l U
AR TRKBTESN, NTT-2EH T K P REHESA
SR TR, MELS, BT FIMHIREAN T K
TE R T ARAFRARIE , KR AE B F SR B L 29 BN
R 5 KBEHITRSWFD L8, BSAREEREMT
KPRENTMFBEEAR, SLEERHPHSES
SHERTHEHNEREE. RADE-FRBREHETA
RAHNBRAERNEEH- T AKET —EREm, X 58]
NI M —3 ™,

KGR X HEAFEB T KHHESASTEE
FIBK, EBAF, BIATHSIANSERES TH
I, X E/NE-FARFPEX A, K XK S
[EASEEN RS, FHNNEMBERER B K B
Fi&g, E RN FEERRENEINFETA S (B
2), HEIWLEL . BFEW 4 Ay, B—FPHEIRS
ERMrEHME, KEZH AR (7 Af) 78 12 A5E3]
BRME, K5 TR, B AFEARRY L —ENEsE,
BB LR 4 ESEAR. AHEE,X5KME
RAEFIRARRRK R 4 F 2L KW 5E R0 %

HARAE
Nitrate concentration (mg-L™!)

Fig. 1
field

HMEREE
Nitrate concentration (mg-L™!)

Fig. 2

—0— K HEMBI: Lrigating shallow wells in main field

-0 K H#EIF F: Lrigating deep wells in main field
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—O— RAMIHE R H: Trrigating shallow wells in greenhouse

—o— RIEER I Lrigating deep wells in greenhouse
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A KR, DR TR AR R RKERRER, N T RE R &, HE N EBR G2 L%
o TULIIER—FERE RS K 2T, SR 2R 55 F JE 38 SR M X 3 T sh R B T K FREME (5 ~
10m) , R B AR B (JERM X)) AT T KA 4, IXTRE KT HERFEED T —EMmBIER;7
HRRIGRAFE X 8RR, T K BEARARZINF s, TR R+ RRHERERA % 51T KH#ET
W, FECE T KPRHESR SRR HEA 1L AMZE, BT B RN B, E TR, AR, K X
HEBARRRNE T RE( 2 F— 2 ANER) , N AR R AR, (15 X 8 TLARTE 133650 T R ORI
HRRUMBSRKIEAEAM T KT, GO X EEH T K PHEREEE 12 AHXAERE, ERKE
FHHHSAR & BB SEIF LM, BREEREHIBNMIZ, Y B RPN RREARZH T KR
(AR E

TEERFRFE A X ER/NE-ERFER , BHTHHSREEHHERTHHN, A ISR TR
BB BREH R THH;.
3.2.2 ARAEEKAAFPHERAITEL

NG - TR IR SR TS R OF 72 3. 42 ~5.34 mg-L™' B4 0.84 ~1.84 mg-L ™ ([ 3),
X SEBKZE A EEFERE. ANRAE LR, F—&KERKDR TSR, B TERERHA KT H
SREEVERTUHENZE, LA ARATHESRTERR L. BHTEBKMR AWK EH
UL, RIS mg- L7 DT, B AR RE T H T ARSI RMAIRME, RV KR FZHT KB
AR Z I AR G SR RN, 5 3 v B RE A Rl 34 3R R

KR AR AR S A A B 2GR AR (1 4),2003 £ 9 A P& EHK 11.53 mg-L™", 3
2005 4F 12 J, B 435 30. 83 mg- L™, BT BRI 3 5, AR PRRE MR E LR A TR, B
45.60 mg-L™" i WHO e EB R R TR, Fet AR T REABRAKNHSE S BRI, X
5 R X R H B AR A AR B, UEBH B T3 T KBS EAR A, 20 A 1A BB T B K H B &3 R A RO
IKIER T TS R B SIRR & Rk BERMBRER 7K , XAt fT] B S BR ™ A T ¥ E B B, T 22 R BX
BN AR EAE AT BB RERN A RRE AR X M2, WS KA MR AR KA Ko
KX PREHA K PSRN & BY BBEFERB L, AR S ZAIMER & &2 50/, (B RFEE R E
HHERS , ST A L , BARBCA T sl , PR, R SRR F & B IR ERZE IR HEE

—o— KAk Al B+ Drinking shallow wells greenhouse
—+ KARK B R F: Drinking deep wells greenhouse

(VORI
W O W

—0— K H4R FI B+ Drinking shallow wells in main field
——k l & F %3t Drinking deep wells in main field
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H#H Date H#{ Date
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Fig.3 Variation of nitrate-N concentration in drinking water in main Fig.4 Variation of nitrate-N concentration in drinking water in
field greenhouse
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BHEEN R Y, B, R wey, ek SR m TR E R,

ZAER— AL /N - E KRB IR 45 X H X3 T K B B R, SR R E T KSR
A REEE R AR Z VR, R T RS A S BAREZHA 3 mg-L 7' LT BEHRRETHT
KSR BRIARIE, R X IR Z 0T K B A F R 23RO T 3 8 R R 5 R R K
TAHERFEEEBIRASR

TEE R X AR E X, HEAFM T AHESR S EEMEFRK, BHPHESRNSTEHERT
B,

R X EBKH SRS BEN OVFEMBER) EW B - FEE 4 b 8 WA 7R S B 3 3
BEETHE . BFER 4 B, B—FEPHSR I EBMINER, HEZBH R (7 Af) 7 12 Birk BB miE,
RIE TR, B _AERARR E—FRE e, B SF ER -T2,

FHH XA L3 4 Bk 1541 kgN-hm AR BAR HEF B T IZAM AR R TEBK PRHSRAKE
RKABTREEDFER. K XERKHSRATETHE 1542 ~56.04 mg-L™' Z i), H ik 88. 03
mg-L™", ¥ @5 F WHO HFEI KA AKMSES & LI Rl X KPS A S BERRLE TR, £
AT AP, X WHO R K ERREGBIRRA T 52.17% ~100% , FEGBIRER Ny 72.28% , L
RIS AIER A 20 2 AR F B AGE B T IR RE SR I %

SR X EBK SRR S EMERRE R, K KKK HSR S EERRE LA &S
BB P I(EERTE 6.70 ~18.46 mg-L™' 2 J] , R & B W35 45. 60 mg-L~', HF7EW BAOE T ¥ s, X
SHEBOK B A — B0 RN IR A, O KR A R KSR R IR H R , B s R
0 ~37.50% 2ZJ8),"F-144 14.06% ,WHO B EANT 18.75% ~56.25% , 354 42.19% , i T /KE L%
FFEHTERHRARGE, AR ERRNHERE S B EEX LR RA R T BRI B

FE3T SRR ER SR X RAER A 8 59 R, iR 75 TR Rl Yol T3 2P i s o S B A 455 75 T RO
I, FEARIEAE YR = B2 b DR SRR M AR, D = i R &, IR\ R i i, b
RHEAH T AINRHRREH , R LIR AR TR SRR ARE,
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