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Effects of water and fertilizers on nitrate content in tomato fruits under alternate

partial root-zone irrigation
ZHOU Zhenjiang' , NIU Xiaoli*, LI Rui’, HU Tiantian"*

1 College of Water Resources and Architectural Engineering , Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China

2 College of Resources and Environment , Northwest Agriculture and Forestry University, Yangling, Shaanxi 712100, China

Abstract: In recent years, the quality and security of vegetables have being increasingly concerned by people and
investigated by researchers. However, vegetable quality decline is very common due to excessive irrigation and irrational
fertilization. The nitrate content is an important index which is used to evaluate vegetable quality. Although tomatoes have
been grown successfully for many years in many parts of the world, there is no accurate formula or recipe on both the amount
of irrigation and fertilizer levels to get high quality tomato fruit. Alternate partial root-zone irrigation ( APRI) is a new
water-saving technique and may improve crop water use efficiency and fertilizer use efficiency. To determine the effects of
irrigation amount and fertilizer rates of nitrogen, phosphorus, potassium and manure on the nitrate content in tomato fruits
under APRI, the quadratic orthogonal regressive rotation design with five factors was used in pot experiment, in which five
rates were set for every experimental factor. A regression model on the amount of irrigation water and fertilizers and the

nitrate content in tomato fruits was established. Based on the regression equation, the single, interactive and coupling
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effects of these five experimental factors on the nitrate content in tomato fruit were analyzed. The results showed that if other
factors were zero codes, the nitrate content in tomato decreased firstly and then rose with irrigation water increase, while it
showed a reverse trend with N and P fertilizer levels. The nitrate content in tomato increased gradually with manure amount,
but it was not affected by K fertilizer level. The interactions on the nitrate content in tomato fruits between P fertilizer and
manure levels, N and P fertilizer levels showed positive effects, while the interactions between irrigation amount and K
fertilizer or manure level, as well as N and K fertilizer levels were negative effects. The coupling effects between two of
these five experimental factors showed that the nitrate content in tomato fruits increased markedly with higher irrigation
amount when no manure was applied, while it decreased firstly and then increased with irrigation amount for the other
manure and all K fertilizer rates. The nitrate content in tomato decreased with K fertilizer or manure increase when irrigation
amount was above the mid level. The nitrate content in tomato increased firstly and then decreased with N fertilizer increase
for any P or K fertilizer rate. The nitrate content was less when P fertilizer rate was at the highest than any other level ,and it
was the lowest when P and N fertilizer rate were at the highest and the lowest, respectively, suggesting that lower N fertilizer
and higher P fertilizer rates could decrease the accumulation of nitrate content in tomatoes. Interestingly, the situation was
different for K fertilizer. Higher K fertilizer rate could reduce the nitrate content significantly only when the N fertilizer rate
was above the mid level. The coupling effects of P fertilizer with manure rates on the nitrate content in tomato fruits
indicated that increasing P fertilizer properly and decreasing manure application at the same time could greatly contribute to

less nitrate content in tomato fruits.

Key Words: nitrogen fertilizer rate; phosphorus fertilizer rate; potassium fertilizer rate; manure rate; irrigation amount

nitrate content ; tomato fruit

UTAFESR  FE B 2T B ATk b 8 H 5 R 5 26 4 SR AR R 5 48 e A 7 UM RS B AT DG TR R TR
WFFE R, AR AR ER R I A0 FL 3, 2005 70% —80% [ AR EL & ft S S W 5 3 i T il — D BB
Fab5, EHET, BTt m K AR LR AR AR A B FH 3 B0 6% S Rk 2 s 1 n T B LA R - R
b B JRIEAE G AR, BlaF A B K R A B AR R AR IE B S P o = & oG EE, [ 20 i
22, 90 AEAR LI W9 5 Ak Qo] B4R AT Sl R 6 B R S5 O TN T BOMIR ARIBEGY RN, CA ISR R 2 v
TR AE B PR F B AR TR AERHE L ORGSR 2 5B % IR K R AR B B A HLIE & 5 SRR A ST , ik g
DLARIE

R 83 X A8 5 TR TR 2 30T A A AT o S BT PR /K B T 2 % Bl 15 7K 40 1) R 80CR Ao — o Ji i 412+ A —
Fpr A T K HEE I S HARD . BRI TR R A3 X SR HE MR AR B X VR0t A 4 A RS B ™= i 5 5 R A F
FARZ T KT IR S A T AR HEAR B, X A A 7 R A 5 i O it A ARG SR AR H AT, E TR R 4
DX A THE IR 5 AT 7K R R X 4 7 i it SO PRS2 00 7 1T, o oA DL ARG PRI, AR SCHE A R XSS B 2 F T, I
TG R A e A et AR AN [ K M it FH 7K S X6 3 i SR S A R 7 S A 52 ), 38 [ 5 43 B B PR 2%
B8N e A8 BN AT, A8 BT 9 T ih SR SR R R A R X A IR DR A i 1 56 2R DA A A AR X S R R AR 1
FM T 2 P e 5 ISR A
1 MREAZE
1.1 HEahrkt

R T 2010 4 5—10 A EPEILARMBHE R2F R X AR K + TRAE T ES L EN T, BFm N E
#3802, FH i 30 em  ELA% 30 em HYEREAR A Hil 7 AR E (PR T VIR BT (55 24 em B FRARCHEAR 23 AH A Y
PIER) o MRS 1 ke, 2+ 21 kg, 28+ 455 1.30 g/em’, PIH2r928355—37 PVC & THEK (K 30
em, FA£2.5 em) , VEKESNZA 1 mm HAZMESEMZE LT 3 HEREFL, PVC HHEAIKH S cm,

AR A PG AL AR R R A1 K IR K T 0—20 om BHZE 3, TR B MR, £3ET
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ZE N 1.30 g/em’ , HIHEAHLT 16.09 g/kg, %K 0.85 g/kg, 205 0. 68 o/kg, B & 50. 5 mg/ke, H AL HE 14.
73 mg/kg, AR 140. 47 mg/ke, H KK 24% .

2010 4E 6 H 5 HE R EHE , EAEEDIE A4 & TRtk Vv IB6 0 IE o7 B RR R 15 s
S EIBEK ZE AR K 570, S 8 d TR )5 , 2 I & K B 2 65% HRIRF /K B, TR A6 R FHAR

BAYIXASHRUE K o T SR SR AT 798 1 21 20 A ) ) SR S A T R A
1.2 iK%

IR K i AU R G A PLIE TR 5 SRR SR AT TLOC TR IE S e 45 By 1/2
Yo" 336 AAHE 3 TS L TR IR, i TNy 58, ALK 5 B R BRI 1R KOF B Ak
IS T35 1,

F1 HBEFKEHBR

Table 1 The codes and levels of experimental factors

e AT KT K i
H¥ AR Variable levels and codes
Factors Interval
-2 -1 0 1 2

K Irrigation amount X, /mL 1/3W 1/3W 2/3W w 4/3W 5/3W
T3 L HEEUR N rate per kg soil X,/g 0. 120 0 0.120 0.240 0.360 0.480
T HERE R P rate per kg soil X;/¢g 0. 066 0 0. 066 0.132 0.198 0.264
BT AR K rate per kg soil X,/g 0.105 0 0.105 0.210 0.315 0.420
T3 £ A HUIEH & Manure rate per kg soil Xs/g 10.0 0 10.0 20.0 30.0 40.0

Wy 0 7K P IR K B/, J ph P R 7K B 9 65 9% W 25 FH I R/ 1 85 9% o (97K it 03 A ERC 0 K T B Kt 2 T TS B
5K 1) 65% , 4% BRHE K BTl 1 7]

RGBT FH A o BRI N R R (41 N K 46% ) , ik B R ES (& P,0, N 15% ) MR RER (& K,0 4
50% ) A HUICEC IS AR A2 (R ik RS R0 3.17 .3.16 2,12 g/kg) . A HLAEFIBEAL — i
BE0ie , AACHNERAC I B8 L 1:2 T AT, GBI 0 il R 26 1 R B AN 2 BRI R AT B A J7 ¥R
i
1.3 WMEmiH Ko7k

T AR S P R R R H K A7 - ik I
1.4 Hdssbr

R FH DPS B3 7 388k SR S IR R & 1 5 4 /K N R FH 2 8] A DG R ABEHU, T Excel & Matlab 314
XA R AT IR AL B
2 HER55M
2.1 FHCRSCAHIRER S S KR LA B A UL R R OC R

DL IE IR WA BEAE 5 AT X, M gnts B (BUE B[ -2,2]) AE MRS h s iR £k & &
YSCER, IR R T 05 22000, IR AS W38 100, 45 B e 2 i TR AL BB AN

Y =15.97 + 0.88X, — 0.38X, + 0.82X, + 0.9X; - 0.38X; — 0.84°X, — 0. 79X, X, -
1. 08X, X, + 0.52X,X, — 0.55X,X, + 0.79X,X, (1)

TR, Fy=4.91> F, (14, 21)=3. 07, & W09 RZE0W F KRN F,=8.83,F,=1.65,F; =
7.67,F,,=12.37,F,,=2.21,F,;=10.82,F,,=4.83 ,F ;=8.99,F,,=2.10,F,,=2.34  F,,=4.82(F, (1, 21)=
1.40;F, (1, 21)=2.96;F, ,s(1,21)=4.32;F, (1, 21)=8.02) , Al UL ZKHE P ¥5 R SCAHARER & f2t i u] )
RARIR BN K- BE S e 7 5 SR SR IR 15 ek P E /K i AR Wl P R A HILAE o i 8 A 15 00, T LA R
HEAT AL SEAH IR ER S ) T
2.2 JKHEA B — PR 20 5 i 2R SRR R 7 Y52 M)

1 THRIR BT 2 1 IS AL A 30T 1] U 2R Btk ST, DRI T RSB A T R AR b B BV S E
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P20 0 7K, 45 B /K A0 FH 525 PR 20 T i AR Sk B B 1 — oo ki [l 3 AR G F
K Y, =15.97 +0.88X1 + 0.9X°
it R i Y, =15.97 - 0.38X;
Jita Bt 12 Y, =15.97 - 0.38X, - 0. 847X,
Jita B Y, =15.97
A HLAIE Y, =15.97 + 0. 82X5
F DA A ] 22 R KIS e R — R 5 R i A R b S i OCR R 1 R
I 1 FHH, T i A S IR 1 1 Bl TR K 2 34 i i 25 ¢ —e— K —a R — AU
%, Z )5 SGEWE I, 26 ik e AR A 2 6 5 o A9 v /K it G = MERE SRR
B R -0. 49, ¥ K i K T80/ T BL B I #0580
HHASIRER 2w T, U A PRI R K 551 T A B
SUPRARTEANEIR & i, B 1 BB Bl 25 it A & il
B AR, 80 A R e ek 34 2 IR S s B AR Y L . . . .
e BEA AU 3G 0, 30 o R Eh & s B Wi 2 - 0 ! 2
SR TR, RS R £ o BB A Cotes o et vt
FHE AR
2.3 KT PR 20T 3 5 SR SR R 7 i AR A R0
TR SO IRER 7 i 2 B 2 R W RZ ], AT 5 P
RIS EAEICAFTER . TEZ R, LA
PR ) () 238 FAE A T A A RESE /R F AR B NFE B R, TEARIRES H , — I 10 M EWH K, g i %
MBS HIA X, X, X, X5 XXy XX, XX o i X X SRBI B KT X X, XX 3k B 3K e
K BRAE LA BR S AT LIS R A0 R AR
Y(X,,X,)=15.97 +0.88X, + 0.9X,> - 0. 79X, X,
Y(X,,X;) =15.97 +0.88X, + 0.82X, + 0.9°X, — 1. 08X, X,
Y(X,,X,)=15.97 - 0.38X, — 0.38X2 — 0. 84X,> + 0. 52X, X,
Y(X,,X,)=15.97 - 0.38X, — 0.55X,X,
Y(X,,X,)=15.97 - 0.38X, + 0.82X, — 0.84X, + 0. 79X, X,
2.3.1 KSR R SR SR R i AR A AL
TE K B2 A B 1 Y 52 B IR BN 0. 79, 3 [MAFAE RS BN . N3 2 T AR i, AT o dnfe]

[\o]
(=]
T

R R &

Nitrate content/(mg/kg)

E1 KIEBEEF(X,)SERHERESENXE
Fig. 1  Relationship between single factor and nitrate content

in tomato

®2 BEAESHEENBAYL

Table 2 Coupling effect of irrigation amount and potassium fertilizer level on nitrate content in tomato

Tt B8
KR K fertilizer rate Statistical parameter
Irrigation amount ~

-2 -1 0 1 2 X S CV/%

-2 14. 65 16.23 17.81 19.39 20.97 17.81 2.50 14.03

-1 14.41 15.20 15.99 16.78 17.57 15.99 1.25 7.81

0 15.97 15.97 15.97 15.97 15.97 15.97 0 0

19.33 18.54 17.75 16.96 16.17 17.75 1.25 7.04

2 24.49 22.91 21.33 19.75 18.17 21.33 2.50 11.71
Gt SH X 17.77 17.77 17.77 17.77 17.77
Statistical parameter S 4.24 3.13 2.18 1.69 2.01
CV/% 23.85 17.62 12.29 9.51 11.34

X,S,CV Ar 5 A, bRk 25 A S R4
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ARAE SRS R SR P B 34 AV /K 5 SN e B AR Ak B i HL O SAELAR TR, it B 15 0 AN [ Y e
AR = T K (W) B, S SRS R £R B 2 Bl it B0 £ P 3 I I 9800 5 &5 F K P B AS B i 460 £ 1 AR £k IR
KT BTGP S B TG K FR I KB R I A A T Bt S IE AT R T BRI R R i, T K A L AR
R 255 Jite FHR RES (%) 4 AR I
2.3.2 VKRS LI X A SRR S AR RN

K i 5 MUIE 0 3R i R S A R ER S A I AR K -1. 08 (20 (1) ), s HAE B, HoW fsk
N, B 28 B) A AR B T s iR AR B . NI 2 AT DL YK R T oK R T in s e £k &
Bl A A HLAC A S B /D L e K G AR, YA LI S R KT 2R hi i o e ki
K TG 5 Bt AIUIE P 2 A3 K AR o Bt VR K i ) AR A A, SRR 34, FL SR (G Am R 6 5
S K SR HUIE AR INRRE . AU SRS (R FLAE ) K &SRR (1/3W) Film K
S (5/3W) I3 A Fe ik e iR & i, 4090 K . 11. 85 F124. 01 mg/kg, ] UL, 48 i HE KK R #2 A AL
NE A TR AR it R S R 5 i
2.3.3 iU SR R TR AR S R R A AU

Jit 268 k-5 it A ) A SR S R o B AR A RN G R AN R 3 B, S by il T, 2B 2w R
KT B i P 5 5 o I ot 2R o TR et 12 S M SR AR A B Bt Rt el i ) 78 T 52 B S I s BRI A A
fhias, —FRNZE I RBCN+0. 52, RVt 2 5 A 5t (8] 77 7 15 38 BAE T, 38 A0 AR FH A8 a2 i 2R 52
TSR ER AL 3R, AR ER & S i KA Rt U i il i Ak T /K (0. 240 0. 132 g/kg) MEITET IR 2, Yt i i Ak
FREKF(0.264 ¢/kg) A R ANIRE 7 &, HOEYI(E R 11. 09 me/ke 5 24l A 2 -5 6 W 49 501 A A K (S
Tt ) Tl KA B AR R 7 1 8. 25 mg/kg, P UL, 3 36 A 2 | BRI U8 i R e i
SRR,

18
D —
op
N < 1
f=11) ~
i L
Ly I £
= @\ 14 N
£ pie El SRR \
= g HE 8 :‘:’3\‘:‘“ SISCTIINIRNG \\§§§§§
=g gs
R = S Ainiiie
2 £ S
Z
8
2
2
Y,
“o 2 L
s I f;ﬁ\%
4 3
5O e 2!
r 7 2 22 .\'\12,(‘
) ﬂ{e(“
3 = =94 A Eh A S hn B N r st .
B2 #BKEFMEVEAENEMHRESENZMD B3 HmaeiameEuEnmEte SNem
Fig. 2 Effect of irrigation and organic fertilizer amount on Fig. 3  Effect of nitrogen and phosphorus fertilizer level on
nitrate content in tomato nitrate content in tomato

2.3.4 it GRS AR T AR A R SR AR ER 5 R A A

Jih 50 ekt o 2 R SR R R ) S AR IR HC 0. 55 (X (1) ), & A A A FH AT LA
i T RS R R ER ) SRR o B P — S N B A 0 R S R R R S I s (3R
3) o R K R R i AN R A A 5 25t SRR A T R KT I Bl e A 3 DR RE R R
BTN s 2 U T K BEE AR RO RRER BB PR, AR 3 IE R LAE T A
i AR [ AR T K P B K P A B IS IR ER B 12. 25 mg/kg, XA NUK,0 SERRTE R 0
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0 g/kg B 0.480.0.420 g/kg, AT UL i 205 e I, TG40 AL AT By T R I i R 2 rh A R A 5 it

®3 HEESHEFENBEAIN

Table 3 Coupling effect of nitrogen and potassium fertilizer level on nitrate content in tomato

e e I FHBH
MR K fertilizer rate Statistical parameter
N fertilizer rate
-2 -1 0 1 2 X S CV/%
-2 12.25 13.35 14.45 15.55 16.65 14.45 1.74 12.04
-1 14.49 15.04 15.59 16. 14 16.69 15.59 0.87 5.58
0 15.97 15.97 15.97 15.97 15.97 15.97 0 0
1 16.69 16. 14 15.59 15.04 14.49 15.59 0.87 5.58
2 16.65 15.55 14.45 13.35 12.25 14.45 1.74 12.04
Gt 28 X 15.21 15.21 15.21 15.21 15.21
Statistical parameter S 1.88 1.12 0.71 1.12 1.88
CV/% 12.35 7.38 4.67 7.38 12.35

2.3.5 iR S A A UAC A 0 3 i R S R R S AR S R

Tt A8 5 A ML P Ao 3 i SR ST R k5 i i S EAR IR AR B +0. 79 (X (1) ) , R B34 I IEACH.
YRR, ZH T ARE SN An 4 P, aTRUE AN AL, BEAT HILIE TR O, 2600 2R S Al R £ o5 1 B ol
WA, 28 5 2R BN 8. 99% 5 Xof 4 WAL F) 25K -, B BR AR 35 Jat AT MLAE T2 A 3 in 22 B2 4 DR 3, i L, 4
T S B R AC A W 3O, A HLAE TR 26 F T 0 R S A R 6 35 B Wit i ) A A 3, 1 S By
SEIE NG Il N B BT AN ] B4 2 B R SRR ER 5 1 A Wl /K 1 Bt A AILAE 2 T 1 K, EL AR R £ 7 5 A 246 X HE
IR, AN A A UL ELWE L FH o e IR (O A R 2t AR, O 7. 05 mgy/keg, AN IERAEAIE HLAT MILAE H] 4
RIFE 11.85 mg/kg FEMR T 40.5% . AT UL, 3 4 R ANBARAL & | R AT LA P8 A3 ) T S 25 oI 0 0 2R 52 il
RRER I R

F4 HHESENLEREHBESIE

Table 4 Coupling effect of phosphorus and manure fertilizer level on nitrate content in tomato

o A HUE It G B
iz Manure fertilizer Statistical parameter
P fertilizer rate

-2 -1 0 1 2 X S CV/%

-2 14.89 14.13 13.37 12.61 11.85 13.37 1.20 8.99

-1 15.45 15.48 15.51 15.54 15.57 15.51 0.05 0.31

0 14.33 15.15 15.97 16.79 17.61 15.97 1.30 8.12

1 11.53 13.14 14.75 16.36 17.97 14.75 2.55 17.26

2 7.05 9.45 11.85 14.25 16.65 11.85 3.79 32.02
GEHK X 12.65 13.47 14.29 15.11 15.93
Statistical parameter S 3.47 2.43 1.68 1.70 2.46
CV/% 27.47 18.02 11.77 11.25 15.47

3 itig

R R A3 DX A T 2 — i (%) T K W D7 v, E AT A 9% 3 4 v A SRR A B PR A K AR
PRAEME Bt 5 0 S0 s ) 1T, DG T X PP 2T AN AR R X A i 1 s T A — S iR (H
KT HRFR G XAV 25 14 7K B FH S XA 77 it & 0 P 52 i) T S 5 D4, AR RS R B iR R 0 X A
FEBESRAET i R SC A R o F BV K R SEIIN S, BRI AT RETE T, — 7, TR AT YR i
WA J5E (NR) A BLSZBHL, A3 b, & i R R W PR, 30 NO; BB ™ TRl , 5240 F - Hi <
RAF AR TRV E BT, B8 7 B3t NOS ATk &, 53— 5 I, YK 3 i S 35 RIS K S K

http ; //www. ecologica. cn



7 ] JRHRIT A5 AR 4 XS A5 T A N A % e it SR SRS R 2% 1 1 B2 M) 2145

i, RS 4 NO; PRIk AR L2322 1o vl B/ N 2 (A IR 6 v S5 A 398 B /K R g il e HH ) 4K i, L
WA BRI REMEAR /N T L, B 49 NO; [ AR RS | AT 4 MR 2R WA 14 32 325 5 K 348 b 2R
T NO; 7E HIE P AR AR TAEIRT NOS IR, (Rl -3 & 7k R 48 K S 3R R B 255 iRl
WA P RS R SRS P RS T 350 NO; ZEVER AR P 1) SRR G T THE /K o 7 0 1 e S B 194 5 mig J
ML, ¥ T — L RABGY

AN FE R IR MR 5 XS E IR 25 AT, Bt it 280 o A9 385, 25 6k SR S 1R ik 522 R St 488 O S /N Y A2 Ak
P WS SRAE T I IE AR I, FE— 2 3 P P, 00 SR S IR o 2 I ot 20 2 1 o e 3 i s R R
T 00 T S R 7 AN 2 RN A R R R A i sl R B f T X R A T S I g A R
F G R REAE T, SR IEEE S SRR R A e e 5 L SRS e A R A TG A B i R
AR AL I AR Ak, HER SR AL & Rt AU A A AN B3 R T AUIE F R SRS HEAC 5 =LA A i A R
R R AT RE S Foh RS A BxF NOS M Rk S5 A B U1 & LA e it — PR AT

ARIRSEE T, et A S Rk 5 i S K 0 1 [ SR AR e it B P — I B R AN d 3 T R
SRR R R S R B AC F R AR Ak, (G ET AT, T DA S e it 2R ) A £ S8 BRSO Tk B R AR R i A S
TERRER S PROR (F 2,38 3) i SN S5 5 HEK A0 T ot R B S T 40 450 28 8 S 52 o g 2 0N 3 B 17
SRR 2 RN 50—, R AT REAE T, FI7E A R AU iR SR, i BRI S RE S A M A2 (i NO;
L, fRE R Ao S SR R AR 5, DT R R A e SR S P Ay SRR

Jo I Matlab 45 X6F [0 045 784 SR A5 7 i SR SRS PRk 25 it B KAEh 28. 52 mg/kg, B I T E 45 #E 600
mg/kg"*! X5 A TR IEEE S, A A AR R B B 5 3 5%, TR A5 B 0 AR IX 5 VR AN 2 1 B 7 T
4 ZEig

AT o 2R SR FOC T RE AS e G et F 9 17 AR R 43 DX AR W 45 10 R /K | R
B B A HIUAIE FH PR ) 3 ik SR SR Rk & S A RZ ), 8 e A AR B AN R A58

(D) AIRES ST, WK B0 3 00 R SE A R 3 % 1 AR S 250 | v 4 K 5 A R T B AT R R 76 e it
AN R R R K S K E S A YU X R S iR R U s B, 18 K KoK
NE A5 BREE TC X AT DU S8R AR SR Sem R 3 & o, i v K e I, £ RIS S5 A DL i T o, AR T
poRTE N

(2) BEAT FLAE 2 A3 K, 7 50 S SR PR £ B B S PR 1 e A o it 220 2 R0t Tl o A 185, 280 24 S 1
PR £ T i 5 e K AR A A8 AR ; il i S A AU T o il it 5 it 280 o X 35 SR SE A R AR B i R L
TEAE AU BRI R LA 5 R K R i S e ) 194 97 58 E AR 8 B AT 3 3t AR S rh A R B SR
gt PUACAMPBHE K2 R IX AR K - TR A E A S0 = AR IR B It 13 2 5k R 350

References :

[ 1] LuSL, Zhou G D. Present situation and sanitary evaluation of nitrate content in vegetables of Shanghai City. Shanghai Agricultural Science and
Technology, 1989, (4). 15-16.

[2] ZhangY, MaH G, Xu WL, Wang HY, Qi G H, Yang L. C. Effect of potassium application on yield and quality of processing tomato. Soil and
Fertilizer Sciences in China, 2008, (3): 40-42.

[3] LiT, Wan G H, Jiang Q G, Liang Z G, Ma J S. The effect of applying fertilizer on the nitrate content in vegetables. Soils and Fertilizers, 2004 ,
(4):20-21.

[4] Zhang N, Zhang T C, Zhang Z. Effects of different fertilizer on yield and quality of tomato in greenhouse. Journal of Zhejiang Agricultural
Sciences, 2010, (2): 260-262.

[5] KangSZ, Zhang J] H, Liang Z S, Hu X T, Cai H J. The controlled alternative irrigation — a new approach for water saving regulation in
farmland. Agricultural Research in the Arid Areas, 1997, 15(1): 1-6.

[ 6] Wakrim R, Wahbi S, Tahi H, Aganchich B, Serraj R. Comparative effects of partial root drying (PRD) and regulated deficit irrigation (RDI) on

water relations and water use efficiency in common bean ( Phaseolus vulgaris L. ). Agriculture Ecosystems and Environment, 2005, 106(2/3) .

http ; //www. ecologica. cn



2146 A E = 334

275-287.

[7] HuXT, Kang S Z, Zhan J H, Zhang F C, Li Z J, Zhou L. C. Water-saving mechanism and efficiency of vertical partial-rootzone alternative
controlled drip irrigation of tomato ( Lycopersicon esculentum) . Transactions of the Chinese Society of Agricultural Engineering, 2005, 21(7) . 1-5.

[ 8] Nong ML, Li FS, LiuS. Effects of partial root-zone irrigation and N, K levels on dry mass accumulation, water and nutrients use of maize. Plant
Nutrition and Fertilizer Science, 2010, 16(6) ; 1539-1545.

[9] YuanZF, Zhou J Y. Experimental Design and Analysis. Beijing: Higher Education Press, 2000 :360-366.

[10] Zhao S J, Liu H S. Experimental Instruction of Phytophysiology. Beijing: Chinese Agricultural Technology Press, 1998.

[11] Duan C Q. Production Theory and Technology of “Green” Vegetables — Take Yunnan for Example. Beijing; Science Press, 2006 ,07.

[12] Li S X. Plant Nitrogen of Soil of Arid Areas in China. Beijing; Science Press, 2008.

[13] Li HS. Modern Plant Physiology. 2nd ed. Beijing: Higher Education Press, 2006 :96-101.

[14] Anna G, Qing Y, Michele H N, Zweieniecki M A. Nitrate control of root hydraulic properties in plants; translating local information to whole plant
response. Plant Physiology, 2008, 148(2): 1159-1167.

[15] Wang Z H, Tian X H, Li S X, Shang H B. The influence of soil water on nitrate accumulation in vegetable. Journal of Northwest Sci-Tech
University of Agriculture and Forestry: Natural Science Edition, 1997, 25(6) : 15-20.

[16] Zhang J, Zou W W, Shao X. Effects of N fertilizer on yield and quality of greenhouse tomatoes. Shanghai Agricultural Science and Technology,
2009, (3): 85-86.

[17] Wang Q, Wang L, Hao C Y, Wang H, Wei X L, Jiang Z X. Study on accumulation effect and control measure of nitrate with application of
excessive nitrogenous fertilizer for different vegetables. Journal of Agro-Environment Science, 2000, 19(1) : 46-49.

[18] Guo X S, Wu L S. The effect of N and K fertilizer on vegetable quality. Journal of Huazhong Agricultural University, 2002, 21(6) : 593-598.

[19] Hu C X, Deng B E, Liu T C. Effects of nitrogen fertilizer on nitrate accumulation by the Chinese cabbage ( Brassica Chinensis) and tomato
( Lycopersicum Esculentum) . Journal of Huazhong Agricultural University, 1992, 11(3) : 239-243.

[20] Yuan L P, Mi G Q, Zhao L Z, Ren H Z. Concurrent influences of different water and nitrogen supplement on yields and quality of tomato in solar-
greenhouse. Soils and Fertilizer Sciences in China, 2008, (2) . 69-73.

[21] QinS, Wang Z Y. Review on effects of nitrogen nutrition on the quality in solanaceae vegetables. Journal of Changjiang Vegetables, 2006, 10
(10) : 30-33.

SE Lk

(1] 783y, FRES. b XSSt & Rl S o AR, BB, 1989, (4): 15-16.

[2] kR, DR, $RITHE, M, FRL, B M8 in T M i 5 5B, hE L35, 2008, (3): 40-42.

[3] 2%, AT M, KTy, BN, Sakil. iEACXHRESE TR e & g, H3EACRE, 2004, (4): 20-21.

(47 3K, TRRWE, FiA TR BEBHEC HXT B2 il il 55 7= S RS . WLl B, 2010, (2) @ 260-262.

[5] MRAUE, skt RO, IV, B, Bl s B I —— R i MK R L. TR KA IS, 1997, 15(1) : 1-6.

[ 7] #A%H, RAL, sk, sk, 206%E, A R B, I ) o0 AR DX A2 B 1 o s P iale S 1 kDL, Al T#R423R, 2005, 21(7) :
1-5.

[ 8] AEFy, ZERAE, XUUK. AR DXy 0 7 B KX oK 9 B AR RFUK LA 52 . M4 8 5= 5L R4, 2010, 16(6):
1539-1545.

[9] =&k, M. Rut 500 dtat. mSEE R, 2000:360-366.

[10] GBHEAS, XU, FEY) AR B S0 5. Ut PRV kL, 1998.

[11] BB TBAFGERA ENE RS A—LLZ B 0. st B, 2006,07.

[12] ZEF. PESPBLEEYER. JLat: Blegliiit, 2008.

[13] Z&4. BUEYEE R . dbat: SAEEE A, 2006:96-101.

[15] EsDE, W&, 2285, Mk, SIORSXESRMES R R, Al 2240 HARAM, 1997, 25(6) : 15-20.

[16] K&, 4f3Ca, ARk, B3 IR~ AL B sm. ol By, 2009, (3) : 85-86.

[17]  ER, W, Maea, T, BIBEK, ZEE. i i RUILRAR R B h i B LA R A R SORPERETERT . Al R A, 2000, 19(1)
46-49.

[18] SRERAEE, AL, N B0 R X BRSRAh BUR I YRRk . ARl 2741, 2002, 21(6) : 593-598.

[19] #Az&ZE, XPIL, XFEP. HEHEREXS D E3R iR R, bRl K240, 1992, 11(3) : 239-243.

[20] =Emad, KE4, SRZ, EED. KERS NI B OGRS F 7 A B2 m. biE LS5 e, 2008, (2): 69-73.

[21] Zth, FEIER. FREFMMRIHI TR, KITHE, 2006, 10(10) ; 30-33.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.7 April,2013( Semimonthly)
CONTENTS

Frontiers and Comprehensive Review
Research progress on chemical communication of development and host-finding of nematodes «+«+eceeeerreeereneiiiniii.
.......................................................................................... ZHANG Bin, HU Chunxiang, SHI Jin, et al (2003)
Principles, indicators and sampling methods for species monitoring «««++sseeeeeeeceeees XU Haigen, DING Hui, WU Jun, et al (2013)
Autecology & Fundamentals
Spatial distribution pattern of human-caused fires in Hulunbeir grassland ««---s-sssseremeemrrieniniiiii
........................................................................... ZHANG Zhengxiang, ZHANG Hongyan, LI Dongxue, et al (2023)
Belowground biomass in Tibetan grasslands and its environmental control factors «+ee-eeeeerseemrerimiaiiini
................................................................................. YANG Xiujing, HUANG Mei, WANG Junbang, et al (2032)
Analysis on variation characteristics of air temperature and ground temperature in Guilin from 1961 to 2010 --+-eoereeeeeeemiieeeienne.
......................................................................................................... CHEN Chao, ZHOU Guangsheng (2043 )
Winter bed-site selection by roe deer ( Capreolus capreolus) in Huangnihe Nature Reserve ««ecoceeereeeriereiiin,
....................................................................................... ZHU Honggiang, GE Zhiyong, LIU Geng, et al (2054)
Leaf anatomical characteristics of the plants of grasslands in the Tibetan Plateau ««---sseeeeessreereeiiiiirniiiii
.......................................................................................... LI Quanfa, WANG Baojuan, AN Lihua, et al (2062)
A research on summer vegetation characteristics & short-time responses to experimental warming of alpine meadow in the Qinghai-
TiDEEAN PLALGAL ++ v v cveerenenenenemnmnenteenemanenesetnenaenestneteaenetetnrneaeeserensmrerenemons XU Manhou, XUE Xian (2071)
Cytological study on microsporogenesis of Solanum lycopersicum var. Micro-Tom under high temperature stress «ccocceeeeeeeeeneeieenee.
.......................................................................................... PENG Zhen, CHENG Lin, HE Yanjun, et al (2084)
A new plant height growth process model of Caragana forest in semi-arid loess hilly region =«-«seeeeeeeeereienenaiini.
.............................................................................. ZHAO Long, WANG Zhenfeng, GUO Zhongsheng, et al (2093)
Germination inhibitory substances extracted from the seed of seven species of Quercus ««+-«-srserersrsmeaiiiaiii
.......................................................................................... LI Qingmei, LIU Yan, LIU Guangquan, et al (2104)
Effects of water stress and fungicide on the growth and drought resistance of Flaveria bidentis «+««-++sserereereseeremiiiaiiiaiiii...
........................................................................ CHEN Dongqing, HUANGFU Chaohe, LIU Hongmei, et al (2113)
Characters of soil seed bank in copper tailings and its adjacent habitat --- SHEN Zhangjun, OU Zulan, TTAN Shengni, et al (2121)
Changes of soil chemical properties after different burning years in typical steppe of Yunwun Mountains «««eceeeeeeereeneeeeneiiaeaeane.
............................................................................................. LI Yuan, CHENG Jimin, WEI Lin, et al (2131)
Effects of water and fertilizers on nitrate content in tomato fruits under alternate partial root-zone irrigation ««««««+eseteeeeeeeeeieeaecenne.
.......................................................................................... ZHOU Zhenjiang, NIU Xiaoli, LI Rui, et al (2139)
Effect of land use on the characteristics of organic carbon and labile organic carbon in soil aggregates in Karst mountain areas «-------
................................................................................................ LI Juan,LIAO Hongkai, LONG Jian,et al (2147)
Mobilization of inorganic phosphorus from soils by five azotobacters ««+«+«+--+ ZHANG Liang, YANG Yuhong, LI Qian, et al (2157)
Physiological-ecological responses of Iris germanica L. to Cd stress and its accumulation of Cd = «-eseererereereeeiniiiniii..
................................................................................................... ZHANG Chengxiang, CHEN Weifeng (2165)
The available forms and bioavailability of heavy metals in soil amended with sewage sludge «=--+-osovrererremememmiiiiii,
.......................................................................................... TIE Mei, SONG Linlin, HUI Xiujuan, et al (2173)
LAl-based photosynthetic light response model and its application in a rainfed maize ecosystem «-«-oeeerererreeeiaiiiiii...
...................................................................................................... SUN Jingsong, ZHOU Guangsheng (2182)
The dominant species of predatory natural enemies of three kinds of planthoppers and impact of pesticides on natural enemies
in paddy field  «eeeeeerreeeen LIN Yuan, ZHOU Xiazhi, BI Shoudong, et al (2189)
Population, Community and Ecosystem
Spatial and temporal variation of picophytoplankton in the Pearl River EStary «---««--s««ssseessseesurteuremmiairtatiiieaiie e
.................................................................................... ZHANG Xia, HUANG Xiaoping, SHI Zhen, et al (2200)



Analysis of the relationship between species diversity and hydrologic factors during an interval of intermittent water delivery at
the Lower Reaches of Tarim River, China «:-cvreceeeeeieeiiiiinnns CHEN Yongjin, LIU Jiazhen, CHEN Yaning, et al (2212)
Fish species composition and community pattern in the continental shelf of northwestern South China Sea «-«-e+-esereeeeeeeeieiain.e.
....................................................................................... WANG Xuehui, LIN Zhaojin, DU Feiyan, et al (2225)
Distribution and succession of plant communities in Lake Bita coastal swamp on the plateau region, northwestern Yunnan — «eeeeeeeees
.......................................................................................... HAN Dayong, YANG Yongxing, YANG Yang (2236)
Analysis on community structure and quantitative characteristics of Nitraria tangutorum nebkhas at different succession stage in
lower reaches of Shiyang River ««ree-e+sessssrsrrmmemrerinenniiiis JIN Hujia, MA Quanlin, HE Mingzhu, et al (2248)
Resource and Industrial Ecology
Effects of subsoiling and supplemental irrigation on dry matter production and water use efficiency in wheat —-+-e-eveeeeeeeeieean.e.
........................................................................... ZHENG Chengyan, YU Zhenwen, ZHANG Yongli, et al (2260)
Effects of two years’ incorporation of leguminous green manure on soil properties of a wheat field in dryland conditions ««+«+eveeeeeeeeees
.......................................................................................... ZHANG Dabin, YAO Pengwei, LI Jing, et al (2272)
Effects of planting with ridge and furrow mulching on maize growth, yield and water use efficiency in dryland farming ---eceeceeeeeeeees
.......................................................................................... LI Rong, HOU Xianqing, JIA Zhikuan, et al (2282)
Urban, Rural and Social Ecology
Effects of riparian buffers of North Mort of Beijing on air temperature and relative humidity ««-«+eseeeeeereeemmenninii.
............................................................................................. WU Fangfang, ZHANG Na, CHEN Xiaoyan (2292)
Characteristics of spatial and temporal variations of global solar radiation in Xi’an and relevant response in urban development «+++----+
................................................................................. ZHANG Hongli,ZHANG Naweirui, LIU Minru, et al (2304)
Research Notes
A analysis of macrofungal flora diversity in Langyashan Nature Reserve, Anhui Province, China «+««teereeeereeeeieiiiiiinii...

.................................................................................... CHAI Xinyi, XU Xuefeng, WANG Meiying, et al (2314)



(ERFR)2013 £EITBE

CERZER) RH T EBAB AR DS R, T EA RS hEREBAE S5 0 F IR
FCEAEZEAR I, BT 1981 4, H2H A4 A 2E AU ATy B 0 R A BB I AR . RS ARSI, B R
G {5  REE RIS ) KA 2RI TAEE  IRR AR B, A 2 b e I 5 45 dEsc i 7 6, {2
PEAEZS AR GE IR AR | 3R [ 15 35 R s il A 25 2 R A NIRRT A 55 A B R 2R i B ANk B A 55

(HEAS A T2 TG A 25 2 R 450 S 2R 10 B A E Y A0S I 5 0 DR LR BB PR R E SR, Rk
AR S WA AR 282 R R 7 1) W PG 75 25 M SO s DR (8T 40 s A AR Be BT7 WT AR A48 8T 51T
R B RIS A R4

CHER2EA) 2 H A, K 16 FFA%,300 B0, [ N2 4 90 Jo/ M, 44F % f 2160 JT.,

IR & AR . 82-7, AR & AR5 M670

FrfE TS . ISSN 1000-0933 €N 11-2031/Q

S 25 MM SRy B T ST I, Pl B S A Bk R W S, Wl T KRN TR BMIF R | S5 e | 1 43
THAFITT

Eiflidl . 100085 JL AT IE X XUE I 18 %5 H & (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M HE: www. ecologica. cn

RERMERIESR R REHEE LM HITHE XIKE B ¥

4 5 % Wk ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33E ETH (2013 4F4 H) Vol. 33 No.7 (April, 2013)
4 L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - U STGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁ(éﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

2B SR (IE/N S
F & PERE AR Editor-in-chief WANG Rusong
g DI
I EAEASREEE S Supervised by China Association for Science and Technology
2R 22 e SR 25 h s ponsored by Ecological Society of China
Hh R A B AR IS S ! logical h
Motk . b 50 E R A K 18 & Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085, China
H i 4§ 2 X it Published by Science Press
Hihk . b AR IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China - &
Hitik . AR FEIAR AL 16 5 Distributed by Science Press N (O —
mﬁﬂéﬁﬁ% 1100717 Add:16 Donghuangchenggen North g
Eﬁﬁlj 1( QIO ) 6;1334563 Street, Beijing 100717 , China 1 m
-mail ; journal @ cspg. net ) O —/]—
iT Wy 4 MG Tel: (010)64034563 o VY
/= — el g B B p = E-mail ; journal @ cspg. net O O
EsEIT HEEBRE AR S A — O
Mtk . AL 50 399 1548 Domestic All Local Post Offices in China > 8
H AN =] I
B B4 T . 100044 Foreign China International Book Trading 7, (=]
’ . . V) —
IT&2E X e o Corporation - N~
W owr GE LRI 8013 5 Add:P. 0. Box 399 Beijing 100044 , China ——_';
ISSN 1000-0933 4= = ey
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 ZEfr 90.00 5T

CN 11-2031/Q



	01.pdf
	.pdf
	zml.pdf

	stxb201201060029.pdf
	03.pdf
	yml.pdf
	07fd.pdf




