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O MRS X R = IR A AR S, 38 R K I — R A 4 A T B IE
Wit 10% . 30%. 50% X JNBER R . FITHRBCRF 20 28 7. 45 RFW]: 7ER )y iital -, 8%
JESER 10% ~ 50% B, 0 ~ 20 em )2 A 808 & o BERE LR FL I B IASIBIEAIS, 5 TR RS 25 7 i Fn 22
U 2N BRI . MBI 30% i, BRBEE B RBURR S (7.17 kg - hm™) , BEAETTIRE . K2
SR AT S RRMSOR TR LU EIE AL B4 R T 178.7% . 388.7% . 75.4% Fl 162.9%, 7= b5
PR T 22.8% 125.1% LEAMHT, KIE—AAPET, A BRSBTS 2 4 s 150t 78 AR 3 095 3 i
SR, PR R A RCR . R AR

KEER: BRICEE; AKIE—Rfk, SRR BN A

B TUEIR E AR T A b HEE — e, 24
AR SRR 200% 1, AR S A
e, SMIESR RO rE B R ES, AR A e i
AT, WSRO AR, BERERSRER AT
WFREFECE, BTG A T3S ) 9k [E e 55
JEH, Y EBEAEF T RN 10% ~ 20% . 5
TF, BOiEER S AP35 F &k 1308 ke + hm™, S5
RTER 13465, Z2RBERATEP R, —F
T 3 R O FSCRAR R R R 2%, 5 — 5T, &
RIIBER TR ATKIRE 5 51 KKK & B IR 5]
BT e, BN TR R TR R
15545, SF4 1A o ik 150 mg - kg
TEREVY, et e me Al it 5.01 J1t, A
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BRI 76.8% . EINAR G, Wit Bk 3K i
O AT M 1485 kg + hm ™, BEARA FH RAL K
8% [1()]O

MR GE ST BER TR, WO BEIC i, 2
PRk L RRAR - e % A, 4R i A HRCR I &
TifAe, WROFAR T BRERI, BRI 209% I
T A LA AT LA o A= R A . XA 4
YRR R (=80 mg - ke ) A,
TEH MEHEE (891 kg - hm™) AYFEAY b8 & 70%,
Al DL A AR SR o . A A
K40 mg - k!, BN H bR 7= &= R 170000 kg + hm”
mF, B AR U 50% (300 kg + hm™>), PR A4 fE
L B PR BUEAL, R ER, s T AR
TR AR Liang %5 CSIIRES R, T
LB 240 mg + k', 2B H WG B AL RE S 4 =
BER R, AKIE— b H R BA IR, #2
MR S35 ok R B =Sl
] 4% 40 Jiti AR 5 20 AH B, K 9 U5 R AT 4R
40% ~ 60%, NERFRIFHZTT % 30% ~ 509% ™', [},
IK B — A Ak R T B = (B 34 2034 96+ hm™
BRI 12530 OC - L R 4 1T 20 K A 9831
JC - hm ™ R SR 39,0495
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1 #REFZE

1.1 WFSE XML

TR0 M 7 T 2 B AL B SRR B R
( 118°22' E, 31°45 N), ZHMAERKILTELE, &
TAOTAHAR I AR R, A4S 15.8 °C,
A H HEATEL 2126 he (b HERADKRS L, CiF
SRR S 25 4, BHE IS AR 24.02 ¢ - ke
LA 125¢ kg AW 136.03 mg - kg B

B 19330 mg - kg, pH{H 6.04, RIKHIHK 67 m.
& 9 m,
1.2 gt

AGRISAE 45 A0 P A i A MLIE R i
B SABEIE AT, A AL (T1) . By
FEAE (T2) . WA 10% (T3) . BEACE & 30%
(T4) . WA & 50% (T5), A HLUIE N T K g 2
15000 kg - hm™, 2B IEAL, A HLIE 3% 4> & &
JpH{H 817, B AHLT 41430 g - kg . 4= %&( 23.10
g kg, &WE927 g kg, &H1640¢g - kg AL
B AR SLGE L) 505l 50% . 70% Al 40%. 43 3
UGENE, e i, U . B, AR
AL BB 25% . 12.5% . 12.5%, #iHE Ky i AR i
I 10% ., 10%., 10%, S8 A #0 AL & 5 1Y 10%
20% ., 30%, HAAGALS DL UL 1. BB IR
K (N46%) . Bife — A% (N 13%, P,0544% ) .
e (K0 52% ).

x1 ENZLEEEE (kg - hm™)
e P AN St i NS 8
LF A HUIENE
N P,0, K,O P,0, K,0 N P,0; K,0
T1 15000 225 0 270 112.5 0 108 112.5 0 162
T2 15000 225 195.0 270 112.5 136.50 108 112.5 58.50 162
T3 15000 225 175.5 270 112.5 122.85 108 112.5 52.50 162
T4 15000 225 136.5 270 112.5 95.55 108 112.5 40.95 162
T5 15000 225 97.5 270 112.5 68.25 108 112.5 29.25 162

w)NF 2020 459 H 4 HER, WA 1 H 7 HEL
B, SRRCH A 18, ARIE T OB, AKX 2
W 34T, AEATRME 12 B, /NXHEFEDN 10m® (2mx S
m), FACHER 3K, LA HES, g H o E
S H RS L U Y R A B, RE L R A
Bt BRIRBIRAI N 225, 2.7, 3.6 G - kg, A
MLAE ( #52% ) 1650 5T - hm™, M1 % 1950 JC + hm™,
TAHEKAE 900 JC + hm™, 424 5250 JC + hm™~, #JK
WA R 1.4 90 - kg, ATEERITARA,

BN G 1 A RN 2 7 R SR UK 20l 260 ~ 300
m’ - hm”; M LR RIF 87 ~ 10 d iR HE 1
W, BAUIEHE 110 ~ 150 m® « hm™; A= 5 WA
12K #)ReA T W EREEAKE A 2120 m® + hm™,
1.3 MEFebn 55k

FERRIE S 45 /N X B I o, SERse ™, +
AR B i A BIAE F I . I L BT R

B0 ~ 20 em #H)Z2 - 58, XUTWFEE S, Olsen—P
B Y TR R A RO . w0k
B BT ARSI A W AC AL PR 3 MRACER MR
., 7E105°C A7 30 min, ZRJG7E 75°C T HET,
T B SR AR B3 B0 L (i I 22 ) W PR R S SR
JHR AT E /MY ( Vario MAX CN, Elementar Co.,
Germany ) 3¢ . )4 B B R REUE A
R FHRCREARAS RS I 77
BRI CE (kg - hm™) = J5—EFYIHER
R - Ji AR E R S R
BEREAR A= 7= 1 (kg - kg™ ) = MR AL XA 47
i/ it
BEIEA 2280 (kg » ke ) = (HEBEARIXAEY =
- ASEREIC AR i) /Tt
BENER R TR (%) = (Ta#IEXAEY B R
SR - AL XA R A R ) / ik
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i x 100;

BEME SRR (%) = (FaBAE X AEY) =& - AN
TN X AR = f ) /RS X AEY) ™= 5 x 100
14 BARabs s 53 Hr

iz FH Excel 2019 i 17 %5 95 4b 22 F1 ] A R A%,
Origin 2018 Z: il & &1, >R SPSS 19.0 #4758 314>
Mrfl gy 2253081, 21822 75301k A Duncan 35,
FYEKE R 0.05,

2 HBRESH

2.1 BARARYE X B T 2R B 2 R
BTN RIS & B AN, R F S TUR >
H > ZEHR, it s Ak R [R]EA BE A  EE TTANGE

BENEAL PR (R 2), 7EM B, AR (T1) By
w25, MR Y 4 ) 6.82, 825 ¢+ ke,
S5Oy Ae (T2) . BEAEWEE (T3, T4, T5) AbHE
Yok i 2 5 KF (P<0.05 ), A4 I A ],
WL i 30% (T4 ) KbPRENZE | B 2 i,
Fic 7t AR (T2 ) AbBRYR 25 A0 I ISR 3 il %
5 T25T4ST3STSST W HLAEE,  B% T B%E AL Us & 30%
(T4) AbPR TR EREE & o~ 1149 ¢ - ke', HBERTS
Ao A ) JHL At Az R ) 2 S K 1) B 2B UK OF- (P<0.05 )
TERLRUY, AREACBEA SN LB R S E i
PE2E 5, RTS8 & 2 DA IR Js i 30% (T4)
Ab B A, ISR ER R A AL TAST2>T3>TSSTL 1Y
it

x2 AEEFHENEKRESBENESE (g-keg')
Hi IR
g
2% - % - JK
TI 6.82+0.12b 8.25+0.03¢ 7.12%0.50a 5.53+0.49 6.90 + 1.95¢
™ 7.92 £ 0.20a 8.73+0.14a 8.03 £ 0.59% 733%0.77a 10.97 £ 0.49a
] 7.81+0.12a 8.79 +0.04a 7.68 = 1.06a 6.58 = 1.03ab 9.07 = 1.00ab
T4 7.98 0.05a 844 £0.13b 8.11+0.76a 752+ 1.07a 9.18 = 0.78ah
5 7.99+0.33a 8.71£0.05a 726+ 1.49a 6.98 = 0.61ab 8.61 + 0.83bc
BRI EpaS L]
Qb3
ES Iy JR e i JR
Tl 5.80+ 1.29b 699+05la  828+0.18¢ 6.230.76b 8.47 +0.52b 8.93 +0.88b
™ 8.26 + 1.54a 842 +150a 9.91 +0.56b 6.97 = 0.69ab 9.71 = 1.20ab 1244+2.19
] 7.35 « 1.55ab 793£096a  9.62+0.35h 8.52 + 1.13ab 10.98 + 0.63a 12.08 + 1.80a
T4 832+0.92a 9312482  1149£0.19a 7.59 = 0.86a 10.85 = 0.73a 13.11 £ 0.56a
5 7.45 = 0.15ab 819+150a  11.60+0.56a 7.71 % 0.98ab 8.57 + 1.43b 10.57 = 0.45ah

e SR FRERR 0.05 K 12253 (n=3),

2.2 WAL R AR 152

JNAERKE B K E AW ey, Hdii
2R T S e e, 17 e T A 380 A e S 34 R ok
getg, TERIBUNIR B EKE (K1), TN, B
HE Va2 309% (T4 ) kb B Y 8 TCRE 25 6 BRI =
T AL, (HTCEEME2ZES (P>0.05), 7ERIR
W1, BCOHMERE (T2) Ab P A NEE 2 B B
B, M 707 kg - hm”o 7R RN AR R, R
BRSO RERI . BRI 30% (T4) > FJ
MEAE (T2) > B 50% (T5) > BEICHE & 10%

(T3) > ANHEBEAE (T1). 7EBTIIARIRLY, B
I 30% (T4 ) b3 B I 2 0 A & 40 il LU e
JrtiAE (T2) AbBHER 18.2% F129.1%; 43 %I HL#EAE
W 50% (T5) REIHES 24.7% F130.9%; 4359 Lt
AE 5 10% (T3 ) 5 25.2% F135.0%, it al I,
BRSO (30% ) AEEA F T E# B R 58,

AN [ ot S A R 1 i I 2% 44 R AL e B A= 7 A0 B
KEEHMGREAT S (E2), #NBER G
WRC T AT U TR S 043, i i 0 AR e 10
2R R SR AR B D FEETI, BREIE A 30%
(T4 ) AbBRA TGO B, M 1.49 kg - hm™,
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P HAB R (T2, T3, T5) % 8.0% ~ 36.6%., 2.3 WA 0 80 & i s

RN, AR EE (T2, T3, T4, T5) &b - A R o B T D LU A9 % 358 i 1T i
PHA BB 2R R A W K TRHERENL (T1)  BRRRAR,  famiAb 3 A 584 250 & b & T AN it i
A3 (P<0.05), TERSINH], ®ENEI R 30% (T4)  (T1) B (& 3), B RAS [ A= B A [l it A Ak 24
b B BE R G OCRE L EC O AE (T2) B M HIEAREE S R RESEN M EE (K 3),
51.8%, 43 LB B8 10% (T3) F150% (T5) AP RAECH Al (T2) Ab3 584 2mh & &t e =
AE PR 55.9% . 23.8%, TEPLRY, WEARUE 30%  FERTI. wJRA L T AR R 43 5k 201.03
(T4) Kb F 8 Z g R U A EACAL HE (T2)  215.24, 232.05. 261.59 mg - kg™, £ & N, 7
B 121.3%, 43 5 FC B IR UK i 10% (T3) F150%  BUPIAC A Eie (T2 ) ZbERAY 45 sk & w5 HAb
(T5) AbPEE 108.3% F1 58.8%, ¥k EM2ZRK AR ALPE2E 53k i & K7 (P<0.05). HIEA %K

3 (P<0.05 ), Wi EUATEBEAL (T1) APREAL, FEM . #1JK
20 - AL BT A B 43001 Sk 15030 164.9, 177.62
T1 T2 T3 T4 a .
|STETEREENET F1179.27 mg - kg™, 431560 A B0 2592 Ak
ol T boH, P (P<0.05),
tg LEN=EN N 00 1 T T B34 I a
. N r a
< N q . \ 250 - ., bbb
]]L}ﬂ < -]:_ — . a g T al 2 g N
ﬁ‘% H T 200 - % ) ° W N
= - S HEE
= 80 b
= £ 150 FrH —I_
1
a
f%‘:( 100 -
i T WO R fe
EEW or
Bl FREEHENBELRRAE . :
Vs [l R A BRI RIS 5 B R A 0.05 K257 8 LS R B B
%, TR, R
B3 BiEREERAERETIEEGRESE
10 -
COT! EHT2 ElT3 E3T4 £IT5, e g s .
, — 2.4 DA TR AL 2 et H R R
ol b AN TR i AE A B A B RN AE R (22 0L )
i . N:PHIC:P A, 764 R LT B DA jE 8
= oL a4 bb W AE (T1) Ab PR el (E4), BiAd & W A%
= . 3 VB, BENAE KRR N : P2 /b, MRS TS 3] 1) 47
= | T e B0, BTORE B N : P BOZE, 5 BB 3 9
) 0 2 B (5 JTC00 A R B0, B TR bR N s L
b T REL B AE U i 30% (T4) Ab B H /N, 4351 S 4.26 Fl
2w s : 3.61. IR bR C - P Bk 77 390 0 40 i 56 40
0 WD, RPN Ik B i RAE. 7E R, R
0 ity P ) ] ) T *EH%N:P%HC:PﬂUEZﬁHE?)@Zi%%(T4) Ab
HEE W WAL, HS5AMEsEIE (T1) 436 2 5 5 F
B2 R4 S R T (P<0.05 ).
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2.5 WA X E I i S A A AR

AN [ it JE Ak 3 Y BT 7 i 5 B T4>TS5>T3>
T2>T1 A (£ 3), HrDIgItmE 30% (T4 )
Qb BB B W S A, 1K 66130 kg - hm™, LIS
it @ A (T1) Ab 3 A9 BN 7~ & Ik, i 48800
kg + hm™, BROANHGEEACAS, FyhEAEAbEE (T2) Ab
PR A i, BEAR I 10% (T3) F130% (T4)

AEBRYR 2, WEIE U 50% (T5) Ab B A A i
Ko BEAEIH I 30% AbH Y ¥ TR S5 fe i, 15 92540
JG + hm™, ANHEBEAL AL A EOT 25 Fe AR, 4 68320
JC - hm”, MFERHORE, BRI R 30% Ak B i
L, I8 7.7, A RIECORHEBEIE (T1) . B iEhE Ak
BO(T2) . BRI 10%(T3) . BEALEHEE 50%( T5)
LEPRERE T 28.6% . 25.1%. 20.5%. 3.8%.

#3 TRIMERLIEXNHN=EREFHHHFA

b3 PehE (kg - hm™) 7= (%) AR (JT - hm™) feis (JC + hm™) FEAR
T1 48800c — 12252.01 68320 5.58
T2 53870bc 10.45 13170.02 75460 5.73
T3 55730bc 14.14 13107.02 77980 5.95
T4 66130a 35.45 12909.02 92540 7.17
TS 62800ab 28.69 12733.52 87920 6.90

2.6 AT T TR AR A FHRCR 195
BRI IR 30% (T4 ) Ab P & TV AL BTk R Al
BRI SR R e, 3ok 26.2% F122.1%, 41
S L BE 5 AR (T2 ) AbHEE 179% F1 163%, 435l
F s B i 10% (T3 ) AbFEER 111% F1125%, 1

K2R B FEKFE (P<0.05), 459 BEIE & 50%
(T5) AbFHES 18.3% 1 17.9%. B I 4R 27 %50 28 Fl
NE A= 77 S B R A ol ) B4 I T S e s, AN D
i 50% (T5) b3, SEREENEE 30% (T4)
Ak FRA I i Al A 3R] 22 Sk 2 K F (P<0.05 ).

F 4 TREIMEALLIE R 5 I BEEF A AR A2

b IR ST (%) BHARA A% (kg -+ kg™") BRI )1 (kg - k™) BENEIR R (% )
T2 9.40 = 0.85h 25.98 +2.58b 276.24 = 2.58d 8.40+ 1.18¢
T3 12.41 = 2.05h 39.51+7.41b 317.57 = 7.4l¢ 9.80 = 2.12¢
T4 26.20£0.93a 126.98 = 6.10a 484.50 + 6.10b 22.09+ 1.41a
T5 22.14£4.24a 143.59 = 34.14a 644.11 £ 34.14a 18.74 +2.00a
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3 it
3.1 TEVE KRR — M A A% A T B AT ik e o TNl R
WAL SR AR5 M)

BEXTYER AR A B B oy, it B
AT EIBE R 2R, $nEY =&, #HeEiEY
i 230 o i L T 0 - A R
i, SRR E AR AR A e 0 kA T
T, it P P IR SR Sk AR A
P XUREPAE Y BRI, WA AEAS I I 1
AR, W E T R, 2R R A T R
T TES P it P T DA v B TR AR 7 40 W SRR A
i, AR, iEHBEILALHEE (T2, T3, T4,
TS ) = HEA 500 2 5 Bl 8 T AE 7 30 0 T B R e 4
i, BN EBER R0 R, RO
IRENCE 0, RIS TR i, XS HTA
(IR FE 45 R — 20

AW LB, RN eETY, st S
HNBE R W 2R EMYL LR, HREEE 30%
(T4) FHAEIER KA. SIBELE 0 ~ 136 kg + hm™
BF, BORBER W B E 2 LI EH, XnhE
TR AR = BEER (ATP) . B AR 0 % T
(DNA) . BSERHRTT (ADP) 140 0 BE 20 43 1,
WA PLIR . A YRR 2R A SR AL
GYNEEMS, S 5EWERNNES WL A1k
A, AR AR AR U E R
{1 B 3240 W BBORI A AR 1, B AR s
BEE A, AR 136 kg « hm™ B, B8N}
WER MR RAHEA R R, X AT AR R A R
TR TR NP C/p R Y, R T
RERRXT B Al AU 6 10 RIbRIR Y cpL N
P Af DL Bl 7R o BRI R B, i BB A A R R A
T Z Y, WACERAE IR S
XA BREFILRE S T NP SRR P 5%
TR AN EEIEAR Y, NP KA R R AR
WKL S YL, SRR RO BER LR
WA HUBEIEER R
3.2 TRV KA — A Ak A 1 T i A D e X T 7
Al

WFoE 25 SR 2 IH , it 3 s+ G 3wk 5 B 136
mg * kg BF, TEHEZEBEAL 195 kg - hm” EAL [, 8%
JIES Rl i B IS 7 2 S S b, L I e
30% (T4) W= RAF A, X 5HIF% " B

FEAERANFT Ao AR AC AL B 4% 4 T 25 IURL R N/P
A, DIASHEBEAE (T1) fe@, o~ 5.10, BCJ7tAe
(T2) N 439, BB 10%. 30%. 50% AbER (T3,
T4, T5) (NP9 R 431, 425, 446, H THEIE
ViR 30% AEERFY N/P (4.25) 588 NEfE NP fediilr
(4.16) ) RERRIA PN E B0 AR LA TR R 2
R 0 ORI 30% (T4 ) AbF
A R SCRE R A i fiermy . X SRS 45 R
—F 0L RFEIR) O SR RYE MRS, R
VEMIAR R B 5 A RE J7 1, bR C/P Sl
WA A A T AR, TR b
C/P N AHREE (47.9) > BRI 50% (40.7)
> BRI & 10% (39.9) > FLJ7itihe (38.8) > BAALIH
i 30% (38.5), TEWFNCH A 30% (T4) AbFREY, 46
PR CP A, MEMRA KRR S, & T IR
PR, S ™

3.3 T HEIK S — Ak S5 T B A e X A AR
5 1 1 1) R )

I O S R BT R A AR
YW Z RE ST ATFSE & B, it F AL 22
N CT1) AbPEAY AT R0 & et bl AR B A A A i
Hahn, WEREIEE (T3, T4, TS) AbFHK) XA 0wk
FHRALTEOREE (T2), FEAKT A8 E 3
M4, (HA5 b3+ BERE R4 TR AR (5200
mg « kg™ )o —J7II, X AT BE AT A Ab B it A
MUIEA ¢, AP iE S LR T 38R A el
B, [RIBS ™A A ML T 3 & I R ES (4R
B PEERRE T E, A, WWEVLREE/E
AR A ALY SMUNTE WL AR, Tl R AR 1) MR BFS i %
%, AT 3w RISt R BT B—Tr
T, BRI R R, MR T IE S T Ok
ETIEFZON T8, BUEER IR S AT
=, B B T T R A Rk . A KA Pl
R By it FH A0 Ak 2l RE s it S, A7 3 i Sl K 2
Ay, VAU AR KT T .

4 L5t

76 il 4 A A0 % 1 136.03 mg < kg 1Y
BEJitE = M b, 38 2 v E K OIE — R Ak A T e
30% ( N-P,05-K,0=225-136.5-270 kg * hm™>), #J
2R v TR MR B i ORI B, SR
Fea (12270 kg » hm™ ) FIZ555%%E (17100 IC - hm) ,
[ B e 5 0 R R (163% ),
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Effects of phosphate fertilizer reduction on phosphorous utilization efficiency and yield of cucumber under
fertigation of drip irrigation

CHENG Qi-peng" > *, XIONG Qi-zhong" > *, XU Ya-ting"” > >, YE Xin-xin "> *, LUO Lai-chao" > *, LIU Long’,
GAO Hong-jian" > ¥ (1. Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention,
Hefei Anhui 230036; 2. Research Centre of Phosphorous Efficient Utilization and Water Environment Protection along
the Yangize River Economic Belt, Hefei Anhui 230036; 3. School of Resources and Environment, Anhui Agricultural
University, Hefei Anhui 230036; 4. Anhui Hexian Soil Fertilizer Workstation, Maanshan Anhui 238200 )

Abstract: To explore the effects of phosphate fertilizer reduction on yield and nutrient utilization efficiency of cucumber in
protected facilities, field experiments were conducted to investigate the differences in phosphorus absorption and utilization
efficiency as well as cucumber yield under the condition of phosphate fertilizer reduction by 10%, 30% and 50%. Results
showed that the available phosphorus contents in 0 ~ 20 cm soil layer decreased with the increase of phosphate fertilizer
reduction, the content and accumulation of phosphorus in cucumber plants firstly increased and then decreased as the
phosphate fertilizer reduced by 10% ~ 50% on the basis of formula fertilization. When the phosphate fertilizer was reduced
by 30%, the total phosphorus accumulation in cucumber reached the highest level (7.17 kg * hm™) , and the contribution
rate, agronomy efficiency, partial productivity and absorption and utilization ratio of phosphate fertilizer were increased
by 178.7%, 388.7%, 75.4% and 162.9%, and the yield and output-input ratio were increased by 22.8% and 25.1%,
respectively. In summary, reasonably reduction of phosphate fertilizer application significantly increased phosphorus
absorption and accumulation in cucumber plants, and increased yield and output-input ratio as well as phosphorus utilization
efficiency of cucumber under the water and fertilizer integration condition.

Key words: phosphate fertilizer reduction; water and fertilizer integration; protected cultivation; cucumber yield; nutrient

utilization
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