224, 2017, 44 (1): 97 - 105.
Acta Horticulturae Sinica
doi: 10.16420/.issn.0513-353x.2016-0471; http: //www. ahs. ac. cn 97
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CUZRANE R A bl ZRb A 5 TR e, AR B M RS, AR L 271018)

B OE: DL ARE R Rl A R P IR RN T ARG s A, R AR AR
VNI A BE ST T L AR R AR 85 o B R G g S R 7 DX R el A 7 R o el S N R A B
T AR L PR GG AR . SRR, AR R REIE PR (P05, FHD  676.17
kg - hm?, HhEHALIEBEN 8D 477.36 kg - hm?, BB ELBTETE 70.60% . AN[F77 X AR
AR R 2R, BN DR AR X e, 4 776.52 kg - hm?,  Hrb EHLA RS A (KB b i B 1
69.14%, b 3 ANFERIAR: PR RS XN R, b 348.90 kg - hm™®, {HIEHUALAE T AR A
PNHI LB (82.95%) o LIZRA 97.82% IS R pHl il & b T B A0, VB A RN 407.45 kg - hm?,
PR AR X Eem (61562 kg - hm?)  BHHEFEE~X K2 (34281 kg - hm?) , SR FR~X
il (263.92 kg - hm™) o JRAR. B Eg RIS U R R 2 X SE R 4 Olsen-P & B T I (50
mg - kgD HIREAELHI 5 0 67.34%. 40.51%F01 19.13%. HAKKE, 11436 F fH + 3% Olsen-P & #idt
JRGRE B (L A REAR A8 0 56.69%, 15 T SR IIRE A 13 Olsen-P ¥ 7% 54 108.34 mg - kg, Jt + 3
PR IR KU I SR 2.17 i
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in Major Apple Production Regions of Shandong Province

ZHU Zhanling, XIA Ying, LIU Jingjing, GE Shunfeng , and JIANG Yuanmao"

(College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Tai’an, Shandong 271018, China)

Abstract: Based on the data collection through soil fertility survey of apple orchards, farmer
interviewing and agricultural statistics database, the characteristics of P input, surplus and P load were
studied using nutrient balance method at major apple production regions in Shandong Province. The results
showed that the average application rate of P fertilizer (P,Os) was 676.17 kg - hm?, and the P through
inorganic fertilizer application was 477.36 kg - hm™ (70.60% of the total P input) . The characteristic of P
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input was significantly difference between the three different regions. The highest P input rate (776.52
kg - hm™) was found in Jiaodong apple production region, and the percentage of chemical phosphorus was
69.14%, which was the lowest in the three regions; the lowest P input rate (348.90 kg - hm™) was found
in Southwestern area of Shandong, and the percentage of chemical phosphorus was 82.95%, which was the
highest in the three regions. P surplus was investigated in the 97.82% of surveyed orchards, with the
average amount of 407.45 kg - hm™, and the highest P surplus rate was found in Jiaodong apple production
region (615.62 kg - hm?) , followed by Central south area of Shandong (342.81 kg - hm™) , and South
western area of Shandong (263.92 kg - hm™) was the lowest. Soil Olsen-P level in 67.34%, 40.51%, and
19.13% in the surveyed orchards had been over the risk threshold level of Olsen-P (50 mg - kg') in
Jiaodong, Central south area of Shandong, and South western area of Shandong apple production region,
respectively. Overall, up to 56.69% of the apple orchards exist phosphorus environment risk in Shandong
Province, and the soil Olsen-P content in these orchards was 108.34 mg - kg™, which 2.17 times of the risk
threshold level of P.

Keywords: apple; orchard; phosphorus input; phosphorus surplus; phosphorus environment load

risk

e ] S R ] S A 4l B g P ) Fh 2008 4F 1) 181.5 kg - hm™ 841 $ 2013 4E 1 238.5 kg - hm™, %
BAER I (E K R RASEZR RSk, 2014). BEAESCNIIARWEE . 3wk 1 Ay SRR
AR R R R KA & B A e, RS AT E. dERCPA KRR SRS RR i/
YRR RS TR, 7. 7% AR 44.0% 1938 BT 33.6% 1 5 el - S bk o UG e v, T
RREE LTIt A HUIE BT R (i AR I sk s - (Jkig &%, 2011) o #1745 (2006)
BF S 2R AL 1 DX A T - S98 ~F- r A 0T T 5 G Uik I i s pR A 3 N K A R 5 (10 1k A7 52 385
s, HL e SRR A AR BB R I i A T SR R AR BRI . Rk, SR AR R
WEFR PR DL S g H 25 2 2 32 M. FERRSERIE K, R4 PHRIR L Tk 77 43 5 BRI ER
BB ) e IO K (Kyllingsbak & Hansen, 2007) o AR A E ZE X3 R b6 39 B el i 77 1
ER I B TET - 08 S AT SE M (W RIE FOE AN o SRS 38— KK SR, I A I SE R L 8= X,
2013 4R PR ik 30.67 t - hm™ (EFEHEE) , JuaES—fr, EAR REEUE 1o i & %
TETZEH.

EZ PRI P3R5 A, A OCG T ORE, MORDRIORUEE Fon) Ll AR 45 9 S [ i 321
i 28 A R GCREAT T, W DX I R BENRFAIE, Tl 25 8 Nt T 3 0 RIS A UG PR iy, LAY
Ay L AR S Rl 19 25 A O AR A IR AR A S I A PR R S

QY VL SRS DARE

1.1 W XEHEIR

Ll 2R 48 B /S0% J  dls y Y v 2 52 KR 2R U UA%, AE /K B AE 550 ~ 950 mm 2 [1], 44K
B 60% ~ 70%EF THZE, F B 11 ~14 C, 2ELFEN 180 ~220d; e AL, Fi
%72 290 ~ 2 890 h; AT R 2T 5 R ARK) 30%, “FIRZAE 55%, A 15%; 144 B F
MR 63.39 5 hm?, H3ES % 30.34 J7 hm?, (548 KT 47.86%; 55 115825700 =
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1.2 fHmAE

IR SER T X EEAOAAAER A WG, B, 5% « & G, Imr) e
MO ), aX 3 AN DRI S SRR AR ) o A S R R AR R AR ) 56.73%. 12.62%F1
9.31%. Hff s A AN A= R 5 10 U 2% i AR P £ %5 R A 7 DX 3 3 SR i o T ARURI ML, T S 45 200 hm?
BB 1AM, REANLHEAE 266.7 hm® BB 1 ANELE 5o 8 P07 25N 7 2 % ek 20 B 2013
R, ARG 252 [ TR 3R A R S 1R R £ 1 (9 M T R L 8 R 1R 43 A AR AR 5 %
DI 3 R AR B G R RS PR A X I A s B o 646, 158 AT 115
A, B 919 4. FIBEIRBR R, THERFEREN 0~ 30 cm.
1.3 BABERNBERDHAZE

K SEHUAR PR G 1 77, AT 3 AESERUMA R PR HhSSRAL LR L
. FEARFRSR CEAUIE. B, AN RS, FROSEAEHE. ZEEIR S
G A A, SRR U A SR B 1) SRR R I R DL R R T RN T 2 000 m 3SR, 4%
“S” TLIEEL 7 ANKAERE, THAA 2 000 ~ 6 667 m® IISFE S, 4 “X” TEEEHL 11 ANFAERk, TH
T 6 667 m* (SRR, % K7 P 16 D AERE, SEASKEERRIT IR A 4504 3 AR
(B BEEAL 1A, BEBEEAE N . 7 40 cm & 1 A4S, BEFFEAEIA; B0~ 30 cm [ L3RRS, BT
A RN TSR A G e VU AR EURE, A8 R, X e ss s . - 3EFE N Olsen-P 5 R
F] 0.5 mol - L NaHCO; (pH 8.5) ¥4%, W5 btk b,
14 SEEBERITERE

PRRE TR A AL R 7 T IE R 248 EARIRIIFR S RN, AHUIREHO IR & ERYE (o
EAHUERZESEY A P ERAUIRRE ) (RN BARMET RS0y, 1999a, 1999b) 12
U R HHATARS (DAL

BRI BN B AT A IERR A AR E, RN EHAEIp = Ci x Cip + Mi x
Mp, Ci N i Fb2EIERME N & Cip Ky i Bk 2Z AR ) PoOs 7250 B s Mi 4 i M ALIEKHE
ANiH; Mip 4 i FAVUIEE P,Os 205 &

R 5 7= DX (1) PS5 B N R %7 DX S SRR TR, AP 345 H L AR 8 S R el i N o

RGBSR A E (kg hm™) = BEERFEDMHAE (kg-hm™) - RI9fgRadfiE & (kg - hm™) .
Horp, BB 100 kg PR BRI > B BUE 0.35 kg HEATAE S (E)% 2%, 2007) o Kk, Hsz
Wk (kg - hm?) = RS/ (kg-hm™) /100 x 0.35,

K Excel 2007 Fil SPSS121011 HEAT 44 4L BEAI T 2 53 Hr

2 HiIR5 0

2.1 FEREBFIEANRR

EHE 1 AL 1w WL, ANJR] AR DX S el A0 27 i T N i B AN ]

J 4R35 R X AL R BN (P,0s) “FH42 536.89 kg - hm™ (K 1) , HAHAE/NT 150
kg - hm? FIREAAL 7 4.64%, PLAEH 150 ~ 300 kg - hm™ [IFEA S 14.09%, 300 ~ 450 kg - hm? (kL
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A 15.79%, 48.76%I130E F P L BEEBEA BEAL T 450 ~ 600 kg - hm™ 2 [f], #3d 600 kg - hm™ f¥] Lt
Bk 16.72% (B 1)

R R AL B BTN 348.42 kg - hm™ (K 1D 5 b (B 1) 53.16%(13E 5
PBLART 300 ~ 450 kg - hm® Z i, /8T 300 kg - hm® (FEA 7 24.69%, 450 ~ 600 kg - hm ™ FEA
13.92%, ik 600 kg - hm™ [ L1 8.23%.

P R S AL B IR BN B 289.43 kg - hm? (1), Hith (K 1) 70.44%1)3F F 4
BN ATTE 150 ~ 450 kg - hm™ Z[f], /NT 150 kg - hm™ ¥4 14.77%, 450 ~ 600 kg - hm™ [f g
9.57%, it 600 kg - hm™ (1L 5.22% . MAEVERRFE, 11144 E R L 2E BB BT 477.36
kg - hm?, AT K.

#1 UWHEETFAEREREHRR (P05 BARA

Table 1 The phosphorus (P,Os) input status in different production regions of apple orchards in Shandong Province

>k A4LJIE Phosphorus from chemical fertilizer % H A HUIE Phosphorus from manure
o JABEN/ PN/ I5E N
DIk BN/ Bl lirce?ti;e/(:f B T lirceﬁi;e/sf (kg - hm™)
Regi hm2  hm2 2 Ch2
egion (kg - hm™?) (kg - hm™) chemical (kg - hm™) (kg - hm™) manure Total input
Input rate Average phosphorus Input rate Average phosphorus
H 7R Jiaodong 12632 ~ 138837 536.89a 69.14 0~47143  239.63a  30.86 776.52
E=<R
4 7 Central south 79.86~924.62  348.42b 74.68 0~36532  11812b 2532 466.54
area of Shandong
BRI Southwestern g3 51 g 07 28943 ¢ 82.95 0~323.21 5947¢  17.05 348.90

area of Shandong
KA Total 79.86 ~ 1388.37 477.36 70.60 0~471.43 198.81 29.40 676.17

Ee WP RS FRERIRE 0.05 KA R 25 Rl

Note: Different letters in the same column stand for the significant difference at the 0. 05 level. The same below.

70 - W B Jiaodong

N &1 Central south of Shandong
£ & 74§ Southwestern of Shandong
5o - [ &k Total

60

FEA Y TR/ %
Samples distribution frequency

<150 150 ~ 300 300 ~ 450 450 ~ 600 600 ~ 750 > 750
HNE/(P,0, kg hm?) Input rate

1 WHRE 3 AMERERER B LRHHEFHEN D HIRE
Fig. 1 The sample distribution frequency of chemical phosphorus fertilizer in three apple

production regions in Shandong Province
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®2 LUFEEEREANRHENEHN

Table 2 The application structure of organic fertilizer of apple orchards in Shandong Province

AHUE 6%
Organic fertilizer Percentage
i i HUIE Commercial organic fertilizer 56.53
43 Chicken manure 9.73
“£4% Sheep manure 9.28
¥4 Pig manure 6.83
}:2% Cattle manure 4.72
+ %I Miscellaneous 3.21
Y HUIE Bio-organic fertilizer 2.02
FLAh Others 2.36
il Non-application 5.32

FR A DL FH e B Ll & B AT, SR P XA WL B B 2R (B 2) .
JE 2R 30 5 P XA HLIEBE BN 1 239.63 kg - hm™ (£ 1), HA/NT 50 kg - hm™ FIREAAY
5.73%, ML 250 kg - hm™ (# L] sik 40.71% (B 2)

o {3 P AT HLUIE B BN E P 118,12 kg - hm™ (2 1), Hirh 43.04% (135 5 1 4 41
NEBEFE AT AL T 100 ~ 150 kg - hm™ 2 [, /NT 50 kg - hm™ B915 10.13%, #3250 kg - hm™ B4 N
3.16% (E2) .

PG AT HUIEBE BN TR 59.47 kg - hm™ (6 1), Horr 41.74% 103 S A HLIE
BTN T 50 kg - hm™®, 50 ~ 100 kg - hm> FEA ) 29.57%, ##id 250 kg - hm™ ({44 1.73% (K 2D,

70 ~ B B Jiaodong

N &1 Central south of Shandong
£ & 74§ Southwestern of Shandong
5o L ] Bk Total

60

40

30

20

FEA Y TR/ %
Samples distribution frequency

10

I

<50 50 ~ 100 100 ~ 150 150 ~ 200 200 ~ 250 > 250
HNE/(P,0, kg hm?) Input rate

2 WHEEHIANFRERERAANBHBRIBARRSHEE
Fig.2 The sample distribution frequency of organic phosphorus fertilizer in three apple

production regions in Shandong Province

MK, 12348 S B R AT HUIRBE (P B3 0 198.81 kg - hm™ (£ 1)

M TR, IR S SR B B AR R, S 676.17 kg - hm®, N[ PR X ] 2 5 b
F, RHR X, M 776.52 kg - hm?, HKCOBEPRAX, N 466.54 kg - hm”, E PR X R,
N 348.90 kg - hm™?. 3 AKX A, Sk AL RIBEE AN w5 Tk AR, R s
ANHIEEHI N 69.14% ~ 82.95%, LA PH G 3¢ HL = X dt i
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22 EREBASBERKRSHT

U 2528 3 S P 97 4 A B ik 263.92 ~ 615.62 kg - hm™?, )4 407.45 kg - hm, b T8k
(R 3D o ARPERR AR E E R, RAT R &, §TrEmXIRZ, G X &k,
U2 4 77 X 3 SR el A AE T 55 3 B AR IR REAS L9 1 99.07%, & 4B id 500 kg - hm™ [l 48.28%,
BB AN 615.62 kg - hm?, fe KEAAE A 1607.80 kg - hm™; & rfrpg 7 X 3 e P il 95 40 51 A &t
N 342.81 kg - hm, Hirf 45.57%[) 30 SRl B 95 40 8 A AL T 250 ~ 500 kg - hm™ 2 7] 45 P4 g7~ X 3
TR o B AN 263.92 kg - hm™, L 53.04% 935 B 4L T 250 ~ 500 kg - hm™ 22 ], ## it
500 kg - hm> (AL 8.70%, AIRA 7 X 1 18%.

%3 LFETAFEERBHFSBRRRSHT

Table 3 The phosphorus surplus status in different production regions of apple orchards in Shandong Province

4/ (kg - hm™)

B Ik FEA > A A% /%  Samples distribution frequency Phosphorus surplus
Region y -

<0 0~250 250~500 500~750 750~1000 >1000 -“F-¥J Average 7ul# Range
J&ZR Jiaodong 0.93 1735 33.44 22.45 18.55 7.28 615.62a -268.32~1607.80
1R Central south area of Shandong  3.16  20.25 45.57 16.46 10.13 4.43 342.81b -181.32~1095.46
#7574 Southwestern area of Shandong  7.83  30.43 53.04 6.96 1.74 0 26392 ¢ -158.63 ~910.39
A Total 2.18 19.48 37.98 19.48 15.02 5.88 407.45

IE: <0+ 0~250. 250 ~500. 500 ~750+ 750 ~ 1000, > 1000 K#EAFAR (kg-hm™) S,
Note: <0, 0~250, 250 ~500, 500~750, 750 ~1000, and > 1 000 were the range of phosphorus input rate (kg -hm?) .

23 ERFEEFERRBRINEHRERR

ST NI TTSE A CRPIRdE 55, 2004; BX/DAE 45, 20065 F“IE4H, 20150 , Rl REER
bre] - B s Uhk ke ERA5E JXUR 11 SLAR A 52 0 Olsen-P 50 mg - kg'e M 4 AT LAE . H AT LA Hfd 1%
WREAEAE R IV AE I8 U, 1358 Olsen-P 5 it ik Ife S I AEAS LUl R0k 56.69%, i T Ifi FHE 1)
BEA 13 Olsen-P ¥ &0 108.34 mg - kg, S T BERE IR R BRI XU I SR AR 2.17 455

F4 LUFETAFAZERELIRBAE BRI

Table 4 The load status of soil environmental phosphorus in apple orchards in Shandong Province

PN =N
R N : - 22 / e e
bk PEABORE A% f:a oy SRR
Region Number Samples distribution frequency 5 X8 Multiple of the risk threshold level
Average content

JiEZR Jiaodong 435 67.34 113.24 2.26

4.1 Central south area of Shandong 64 40.51 88.46 1.77

74 F4 Southwestern area of Shandong 22 19.13 69.38 1.39

KA Total 521 56.69 108.34 2.17

e WK RGP (Olsen-P) 4 50 mg - kg
Note: The risk threshold level of Olsen-P was 50 mg - kg™

AN SR = X R IR AT AR B 2, IR A X I, i T IR I S BOREAS A
X[ 67.34%, T FAE FIREA 3 Olsen-P P35 0 113.24 mg - kg, & H IR SRR KU
G FAE I 2.26 f5; HUOREHRE=X, @ T REIEFERIREA S AX T 40.51%, & TG SHE A
A -3 Olsen-P P44 75 Bt Ay 88.46 mg - kg™, S - B IR IR BT MU I FAB K 1.77 1555 &4 rE 71X 1
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BRI AT AR, T RS I S IAEAAN AR X1 19.13%, & T Im SHE AEA L3 Olsen-P ~F
Bty 69.38 mg - kg, BRI R XU I ARG 1.39 £

3 e

PRREAE g A1 7 (1) e D76 o B BRI 34 1 RS T 238 R EINE T . R, P ISR
BTN AR R R ORI RE i s, MR TR, TN b AR O SRR R A
1K, TERCT A AR S T3 AT N B RGN, S 30T 3 S A T A R
BNAWIE I LR EER AR X, RN — B TR KT SRE 919
AN B R A BT 4 R, 1l AR A S B T A S N B A P05 477.36 kg - hm™?, LBk
SRR BN 111.26 kg - hm™> (CFE/NSE 2, 2013) , S FE AR R G B AR 2 B0 B (100 ~
150 kg - hm™) ] 3.18 ~ 4.77 {% (Porro et al., 2013; Hassine & Mustapha, 2014; Jivan & Sala, 2014) ,
AL UL AR A8 3 T Ak 2 R BN ™ T . AN [ DX R A PR R AL IR IR AR R A X >
B> B, S5EKBBIEBAACTE 8 WL, SEEA S S R B — Oy TS 4
WAt GB IR, S U7 SO R IR SN T AR NI I, A R RS S H i R H . A
W IE R I, BEARSE R =X A HLESRAE BT b7 Ee B 30.86%, & VEFGAN 17.05%, BT WL7E
BRGSO F i XA FUIRSR AL B e 22 (1 STk ok ok . Y2 TR A HL
JEf it T AR R0 R A S PR B, AT BB AR CRBEIE, 20115 Z5i1 %, 2016)

VEMIHEP= PR SRR 0 B4 Sl 32 47 Ao f 5 A A 2 ) b 2 A A DG, IS P o ot P 2 ol 4 4%
KAt 80 () =85 K (Pefuelas et al., 2013; Yanetal., 2013; Z5if 45, 2016) . AWfITHIER
B, R4 R B R BN B TR RS e, RO AR T B K Rk T e, 3
JE R IR TR AR, X R AN N UK e A IR, LSRRI NP =
KRR PX, IR B Ak PoOs 615.62 kg - hm?, i Tl AL 317.0 kg - hm™>. BRPE () 303.2
kg - hm? FNLPEH) 330.6 kg - hm? (5B, 2009) .

A S8 RN A AT T S (T B0 2 AR, T ELE N3 F 398 b (R SR PR AR sk e b3 Rk
IR 2 3 3 e A P RROR 6 A i T A T3 T, DR 3R A b — AR R ) AR R R
HE Ok B FTIE N, K AL IR SE HUIBREN, & BRI Bk B, 3k eds
TR R AR, BRI T R BRI R ), SEEERIR (B K 4§, 2003; Dou
etal., 2009; MacDonald etal., 2011) . RIS (2004) FIRX/NEE (2006) X E 23 A4S+ 1k
FRR RS BT T, 4R AL A APE ) A AR O XURS I S T34 Olsen-P
50 mg - kg TTIEGE (2015) S0 HT R A [R]85 b S5 25 R - 4 Olsen-P “ 5845 147
1E 50 ~ 80 mg - kg™ 2 [l, I FES TR R W R HAT, (1 ARSERRE £ 3% Olsen-P &5
S i A I AEAS B ik 56.69%,  Ho sy T Ilm FHELIFEAS 135 Olsen-P ~F- 1) 7 &2 T IR R34
5 RS S 2.17 i, 3R 3B A7 A0 A K IV AE R B RS o AN [R] DX IR A7 A 2 2 e, ISR
X A IR R A S ey, L UOR B TR R, SRR XL, X SRR
AP R R A58 B T BN & E R i T3 b R PR B XU A, 3 el o7 4 A AR OK
KAR, WMEEERE. LR, H8Fh ., REYURE R, MBS 3 4 5 R 1k
(Wang et al., 2012; Bai et al., 2013) . Hughes 25 (2000) Fl Jordan %5 (2000) #f53iAN T3S
BUT S o S 25 5 ) T S (R R B S, A MU S AR T 10% ), T 3EBEMILIG FHE SRR, A
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MK 14 WM%MHMOm%%i%ﬁi%ﬁﬂﬁﬁi‘ﬁf%(&addmw),EMLﬁﬁ
AN R IR X2 O e, XS A A F AT e b D BRI R B, AH N 23 K (1
WL o

DRIE, - R D AR A8 S0 R Bl NI R TR 0 i B, 4l B 0 e AT 5, AR 138570
PERPRDE . BT SIARDE LUSCRFE SE A, B2 & BRI &, A HLREH U S 75, RIS
PR TR RSO I AR ET BOR, SRR WENEAL S, BRI R el 9 2% (R A B 7 R
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