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Influence of Organic and Chemical Fertilizers on Tomato Yield, Quality, and the Content of Available Heavy
Metals in Soil

ZHAO Ming, CAI Kui, SUN Yong-hong, ZHAO Zheng—yu, WANG Wen—jiao, CHEN Jian—mei

(Qingdao Academy of Agricultural Science, Qingdao 266100, China)

Abstract;In this study, a series of experiments were conducted to investigate the influence of organic and chemical fertilizers on the yield,
quality of tomato(Solanum lycopersicom L.) and on the content of available heavy metal elements in tomato fruit and soil. The results showed
that incorporated application of organic and chemical fertilizers significantly increased the tomato yield when nitrogen application was identi—
cal. The highest total yield of tomato was found in the treatment which combined rate of organic and chemical fertilizer was 6:4, and the total
yield increased by 15.6% compared with the control. We found that the contents of soluble sugar and organic acid in fruit increased in chemi—
cal fertilizer treatment, but the content of V¢ was the highest in the organic fertilizer treatment. Comparatively, the fruit taste and nutritional
quality of fruits were the best in organic fertilizer treatment. However statistical results indicated there were no obvious relativity between the
content of soluble sugar, organic acid or Ve and the treatments of fertilizer. In addition, the nitrate concentration of fruit was lower in treatment
of organic fertilizer than that of in treatment of organic or in incorporated treatment of organic and chemical fertilizer, but the nitrite concen—

tration of fruit was comparatively lower in the chemical fertilizer treatment or in low rate of organic fertilizer treatment. Our study also indicat—
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ed that (1)In incorporated treatment of organic and chemical fertilizer, the content of Hg in tomato fruits significantly decreased comparing

with the control treatment, but the contents of Pb and As increased, meanwhile concentration of Cu, Zn, and Cd in tomato fruits did not have

obvious change. In the same treatment, the contents of available Pb decreased; the concentration of available Cr, As did not have obvious

change.(2)In treatment of organic fertilizer, content of available Cu in soil was decreased significantly, but content of available Hg decreased.

(3)In treatment of chemical fertilizer, the concentration of available Cu in soil could be raised.
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AHEAE(CK) 5 (2)F HLAE ; (3)80%A3 HLHE+NPK AL 5
(4)60%78 HLAE +NPK L AE ; (5)40% 7% HLAE +NPK 1k
HE 5 (6)20%A7 HLAL+NPK ALAL ; (7)NPK ALHE, A,
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TR 50%(HHAB YL 2B & &M HIERAEE S 5
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Table 1 Nutrient and heavy metals contents of experiment soils and fertilizers

o £ N/ £ P05/ £ K0/ 2 Cu{l £ Zn/_1 £ Pb{l £ Cd{1 £ cr/_1 £ As{l £ Hg{l
% % % mg-kg mg-kg mg-kg mg-kg mg-kg mg kg mg-kg
+i% — — — 52.8 59.6 28.0 0.078 106 8.20 0.060
R FEHEAE 1.276 3.100 0.864 56.1 199 12.5 0.485 12.2 1.60 0.020
RE 46.0 — — 0.47 0.69 46 0.192 1.0 0.03 0.007
s — % 15.0 450 — 322 704 5.4 0.212 11.4 13.1 0.207
TR AT — — 50.0 2.74 1.63 6.5 0.066 3.5 0.03 0.005
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Table 2 The application rate of fertilizer in different treatments

g FOUBL  AAUERIRgb® AU b
RREIEE/% R (NPOKO) N P0s KO
1(CK) 0 0 0 0 0
2 100 29 385(375:910:254) 0 0 0
3 80 23 505(300:729:202) 75 91 51
4 60 17 631(225:546:152) 120 182 102
5 40 11 754(150:364:102) 225 274 152
6 20 5 877(75:182:51) 300 365 203
7 0 0 375 456 254
REERESTE,

A AT R SR T B A e 1,
AR & R A e TR e, iR C & R
FA 2,4- SR Bk EL A0 0 AR R R (NaNO;)
1A BR £ (NaNO,) & & % H§ GB/T5009.33—2003
AR AR, 2202 WA I B RS IR L, F 2 —ficdh
FRER LY 150 2 TP ASRRERI(UV-2550 285 1T L3 J6
HE, AR EH), AR SBEHS RS ERA
HNO;-HCIO,-HF {HP R LESETERH
HNO;-HCIO; JHfig "9, +EFHRHESREERA
0.005 mol ‘L DTPA +0.01 mol +L'CaCl,+0.1 mol - L™
TEA(pH=7.3)Z4&[m( +):V (REGH) )=1:2, IR H HEHL
AFE] A 120 min] V78 B84 7 I MG Il <€ Pb.Cd
Cr(AA600 %!, PerkinElmer 22 5] ), k43 LT 1 W30
€ Cu.Zn(AA400 B  PerkinElmer A H] ), T eH:
W%E As Hg(AF-610A & AL A HTHNAR AT ) o
AHLALE4 N P.K & ERH HS0,-H,0, 1, 7818
PN SRR HL A P, KBS K, oAt
Tt B R AL A7 s e, A ARt AR A
IR AR VERE T ESS-2 FIbRVEM YIRS ESP-1 7
LLRr AT A B B AR
1.4 HIELES ST

IR ELIE F SPSS17.0 B HFAT IR ZR O 240 #T
1 LSD £ HLBe e i 4h 3 7] 22 HRE B FX e B
4iil, F Excel2003 #2747 504 1) B Fe b BE

2 GHRESWH

2.1 AEHEEA R EH =2

MR 3 FMETERITES, AYUEARANL
B B AL PR A P R R , TCHLIE B A HLAE B e 2=
BRI &S CK 2R A RE ., MAEMREIHE
RBUEEIR) BB THRA R 3), it A PLUIER

TACAL PR3 25.29%F0 8.0%, A HLIEALALAL
JtiSF 33 7= 27.0% , LIALIR 4(F HUIE 5 TCALIE SR 43t
Bk 6:4 )5 71 BE B K o 18 AT AL PR Al S B
FEER/NYEEEHRT 7 AP T CRIEUEIHET
J5 ) ESERE , UR SR B IR AR B, s A A P
HERLE FRAE TR o TR IR 7= BB 45 AL SR A 5 7= 50
FRILE—3, A VUL LT HLAC A B ™ B B vy, U B
A PLE & SR BC At T ALAE (8 1 4 w] DS R R AR A
PR A AR I Ta 7800, TS IR & 7 o
Lk, R m & i . PRIt , K AL EHE R e
GRS HE AL R A UGEHE , 1 AF R £ 5 MR
R PR 5 Kb ity , AR/ i T R i L AUE
TR MRS e e o
xR 3 FAEABAAEEMTE

Table 3 The tomato yields of different treatments

s
37 268+7 334c -

46 7363 667ab 252
3 74 93344 533a 149 49 8028 267a 33.8
4 75 400+1 467a 15.6 50 802+3 000a 36.3
5 69 400+2 800abe 6.4 44 736+3 600abe 20.0
6
7

A3 RP=E/kg-hm? /%

1(CK) 65 200+4 200c -
2 72 200+3 267ab 10.7

66 867+4 933bc 2.6 43 802+2 267abe 17.7
66 0673 067bc 13 40 269+933bc 8.0

Y ARG F B FR A TR 2 5k 5% B4 K ¥ (P<0.05);
T,
2.2 REHEBBAL X HE 5+ M B R
FIVEHERE . W ERMALER C SERITNE
B TR ST B TR o M- AL TR AT SR S D 45 5
B (F4), UL B TSRS & BB,
ToHLAEARFE L CK, BHUIEAL I AA HLICHLIE B st
PR B T 7.3%.8.1%F1 10.4%, [FAT, &

®4 FERBELAEERHEFRRR(FW)
Table 4 Nutritional quality of tomato fruits in

different treatments( FW )
e TREBEE TRERET BERCEW g
1 2.86+0.11b 0.42+0.01d 44.0+0.04b 6.81
2 2.84+0.12b 0.41+0.01d 45.8+0.03a 6.93
3 2.65+0.17¢ 0.4620.02ab 41.2+£0.09¢ 5.76
4 2.78+0.04bc 0.47+0.02ab 39.9+0.10d 591
5 2.65+£0.03¢ 0.4520.01bc 41.7£0.07¢ 5.89
6 3.04+0.07a 0.43+0.02¢d 44.3+0.03b 7.07
7 3.07+0.10a 0.49+0.01a 43.9+0.08b 6.26
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B AW AR SC R B IR TR OB OB R HE ) LA AL
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23 REAMGEAEFEMEBRLTHERLESEN
=AU
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MLAE A2 ; fits FA TG LAE AL 2R A A B £ & i e CK AL
MLAE AL 53 A H S 35.7%F0 16.1% ; i FH ITCHLAL b 2
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Figure 1 Effect of different fertilization treatment on nitrate

contents of tomato fruits
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Figure 2 Effect of different fertilization treatment on nitrite
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PLAC AL B> BIFEAR 40.7%F0 51.5% , iR IAEFREAG
TSR RE IR IR AL RS BRER 2 B3RS, i/ T EZM
FE ARG S s R B P R
(NO; <440 mg-kg™',NaNO,<4 mg-kg™),
24 AEHEERLAENENESESENTM

ARIFEAEA R A R L 4R 'R A R %
BH(3K 5), A HEAC A XS F AL H Cu F1 Zn T EM
BN, NALHES K Cu FEFIE 6 K Zn &
BET CK,HERAEE, MER T HMHRL P
i, Hdt A VBRI JCHYUAE AL PR 5H R 5L Pb &
BRI CK 3T 18.8%F1 19.9%, A HL ALK
FEEEB S BN T 7.1%, AR FA R Cd &
M RVERE/N, SRS CK M Cd S EER
MR EE . WEAAYEN B EREFR R Cr &
&, I CK Ab & B VA 11.4% , [ it B TCHLAR Zb 3
TR 12.5%; MEARAEE P FEA R Cr H2A R
TC AL IE Fic it & 32 1R M I M FE (r=0.979%*, P<
0.01), HREHRER TEMBL As &, iEHAA YR F
THLAE S & BIL CK T 16.5%H1 14.5%, WA
HLIEAHUE MR I & B3 T 21.0%, & HilEAb3E
R T AR SE He & &, K A YU F AL
Ik CK AR T 55.6%7%1 38.9%, A HLIAHLAEHELHE
AP & B b CK AR T 33.3%,

FUBEFEMPLHEES RS EINTEZIE K
TP ESEREIREE R L 4 26 A Pl
JE  TEHUAE S FLICH LR B A X Bl R SL 4 R A 2
M {ER BN, A B AR E A ES R .
2.5 AEMEELEN T ETUSESESENRIT

BRI RERH(FK 6), H AP LA RS
Cu 2 BFET CK A ATALEAIE, &E55
FEART 7.8%F0 12.5%; jifi F TG HLAL Ak & A HLAL e
FETCALAE (AL 3R 5~6) B M HIEA A Cu SR
P FEICIRE T 1A A Zn S &, A NUIEMT
HUIE AL FE Y Zn & B H CK 43 B3I T 35.0% F1
14.8%, A HLICHLACHEC AL PEAGFH4 & B 1k CK #5
T 28.5%, iBHERENS T ARG P & &, A2
LM LA A Pb SR CKIEMKT
12.5%, i EAL PR HIEA A Pb S BEFABE
FERE T -3 A9 Cd S BIRE .. HP, EHAH
AEAbHR Y + A S Cd A& He CK Akt FJCHUE AL
PP RHER T 25.0%H 24.3% , 4 HLICHLAE Fo i b B
Cd f & & H CK FITCHLAEAL LAY & 2 5 FIR &
T 13.8%F0 13.2%; Jita FHICALAE XS A 308 Cd &
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Table 5 Effect of different fertilizer treatments on heavy metal contents of tomato fruits(FW)

AbxE Cu/mg kg™ Zn/mg-kg? Pb/pg kg™ Cd/pg kg™ Cr/pg kg™ As/pg kg He/pg kg™
1(CK) 0.67+£0.06a 1.11+0.03b 5.52+0.43¢ 3.83+0.31a 46.6x1.2ab 2.00+0.36b 0.18+£0.02a
2 0.60+0.04b 1.02+0.04b 6.56+0.20a 3.50+0.51a 41.3+04e 2.33+0.31ab 0.08+£0.01¢
3 0.62+0.02b 1.08+0.07b 6.3520.62ab 3.50+0.43a 43.2+0.9d 2.10+0.04ab 0.12+0.02b
4 0.62+0.06b 1.10+0.03b 5.69+0.11bc 4.04+0.02a 44.3+1.1cd 2.66+0.45a 0.13+0.03b
5 0.73+0.02a 1.09+0.09b 5.96+0.40abc 3.65+0.18a 45.2+1.0bc 2.56+0.24ab 0.11+0.01be
6 0.61+0.01b 1.2240.06a 5.6320.45bc 3.99+0.53a 45.5x1.4abe 2.35+0.38ab 0.1120.02be
7 0.62+0.06b 1.10+0.02b 6.62+0.37a 3.80+0.40a 47.2£1.0a 2.29+0.31ab 0.1120.01be
FRERHE/mg kg™ =10 <20 =0.1 <0.05 <05 <0.05 =0.01

BERERE/N, 5 CKHTEZRARE ., MILES
T HEEARES He &, i AA VBN H AR
A Hg SEW CKIEFT 46.9%, HALMICAHEESE
5 CKMHEERIARE , AR HEAREE G M
SR MEAMR, #iEEARE A A

Cr fil As 25 CK ZERIIAREE .
3 itig

TEHERSAMT , W ARR MR 18 22 R OB 1 2
FERSHES, UYL S CHUESRA RE N 64
(fb3 4) H-IRERKR, VLA VUALSHACE NPK
TCHLAE o] {5 + 8 T s AR A AR L B A K AT
Fear, WIMEM BRI Sttt IR &N & il
FATCHUAE A 3 £ 2 it SR S AT e b 2 R ) i R
TERER,HER C RN AA LA,
TSRS BB S50 SR TR LA HUAR AL B A B .
R, BRI B EENAELER CEEAE
Fhtir= B4R = T RREAK A A, R E BRI Rl = i Y
PE TR TGN R B SR E IR R S A AL e
L BITCAE ot . RIS IR 5 R AR b 5 RS0 =
RRAEERR,

Jits A HLAE A & il R S R h & BB AR T B

PLIEFIA HLCHLIE FohE AL B, 3R DO A HLAE R
5T IR B R TI R ER N B, ERT
H1 Tt A TG NS 3 AR 2 A PN i PR R e PR I it
i N RS KT R BT A iR i R a3
s AL HLALACHE S5 5 A NPK JEHLACAH L oAy [
AR LR SRR, XS EARBTRLER
_ﬁl[ﬂmo

A [ it R Ak 38R %k 28 1 SR 52 Cu o Zn FE Cd 5 B Y
EHBUN B T &R Pb A As & &, R
IR T iSRS He &8 fEAA DU B2 R
Cr & &, AYICHLIE FC ki ab BE P 3 5 Cr & B4 BEC
PR 2 At 12 428 ey T 384 i A 3, it I JEALE AL 3R A %
il Cr T ERFE. ANENMFTESELRTES A
MEEERATRANMAXSHEL, A PbikFlE
F MK (r=-0.788,n=T) , KB & RILR AKX
WARE. 2%, AR SESR S RFKMH
KA RE, ERGEHA VUL TS RA YL
VLB BLAE X B Al R S P SR & RS R
MEESRSTEMNZUAR BN, ——h T
NESCE Y B R T M B R E SR A
Btk SCHAE YA RS>0 — R TRl et ¢ A
A I T Y R TN E R R RE B R
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Table 6 Effect of different fertilizer treatments on available heavy metal contents of tomato fruits

Ak Cu/mg-kg™ Zn/mg kg™ Pb/mg-kg™ Cr/mg kg™ Cd/pg kg™ As/pg-kg™ Hg/pg kg™
1(CK) 10.68+0.40bc 4.11£0.21d 1.36+0.04a 0.082+0.005a 18.8+0.3¢ 22.1+2.0a 0.32+0.02b
2 9.85+0.43d 5.55+0.12ab 1.24+0.09ab 0.074+0.007a 23.5+0.6a 22.7+2.0a 0.47+0.02a
3 10.45£0.24cd 5.60+0.45ab 1.26£0.11ab 0.094+0.025a 21.7+0.8ab 23.0x2.2a 0.46+0.07ab
4 10.15£0.61cd 5.69+0.59a 1.25£0.09ab 0.091+0.029a 22.3+1.6ab 22.8+2.3a 0.38+0.04ab
5 10.82+0.41abc 4.98+0.60abc 1.27£0.04ab 0.076+0.010a 21.3+1.4b 22.9x1.2a 0.34+0.10ab
6 11.47+0.45a 4.85+0.46bcd 1.29+0.07ab 0.075+0.024a 20.5+1.1bc 19.9+2.6a 0.36+0.02ab
7 11.26+0.21ab 4.72+0.28cd 1.19+0.05b 0.074+0.003a 18.9+0.8¢ 19.8+0.6a 0.40+0.13ab
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