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Effects of different long-term fertilization patterns on Fuji apple yield, quality, and soil fer-
tility on Weibei Dryland, Shaanxi Province of Northwest China. ZHAO Zuo-ping'”*, TONG
Yan-an', LIU Fen', WANG Xiao-ying' (' College of Natural Resources and Environment , Northwest
A&F University, Yangling 712100, Shaanxi, China; > Shaanxi University of Technology, Hanzhong
723001, Shaanxi, China). -Chin. J. Appl. Ecol. ,2013,24(11) : 3091-3098.

Abstract: A 7-year (2003-2010) located field experiment was conducted to evaluate the effects of
different long-term fertilization patterns on the Fuji apple yield, quality, and soil fertility on the
Weibei Dryland, Shaanxi Province of Northwest China. Seven treatments were installed, i. e. , no
fertilization ( CK) , inorganic P and K fertilization ( PK), inorganic N and K fertilization ( NK) ,
inorganic N and P fertilization (NP) , inorganic N, P, and K fertilization ( NPK) , swine manure
(M), and half inorganic N, P, and K combined with half swine manure (NPKM). Each treatment
had three replications. Fertilization increased the apple yield. The average yield in the 7 years un-
der fertilization was increased by 14.4% —63.8% , as compared to the CK. The average yield de-
creased in the order of NPKM>NPK=M>NP=NK>PK>CK. In treatments NPKM, M, and NPK,
the fruit sugar/acid (S:A) ratio, vitamin C, soluble solid, and hardness tended to be increased
with time, with a smaller yearly fluctuation in treatments NPKM and M. In treatment NPKM, the
S: A ratio and vitamin C increased by 30.9% and 17.5% , respectively after five years, as com-
pared to the CK. Long-term rational fertilization increased the soil organic matter (SOC) content in
0-20 cm layer, with the largest increment in treatments NPKM and M (28.8% and 29.3% , re-
spectively ). The soil available N, P, and K contents in all layers in treatments NPK, NPKM, and
M increased significantly, and the soil available N content in 0-20, 20-40, and 40-60 cm layers
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in treatment NPK was increased by 22.7% , 37.3% , and 53. 4% , respectively. As compared to
treatment NPK, the soil available P content in treatment NPKM was increased by 18.7%. In all
fertilization treatments, the soil available P content was significantly higher in upper layer than in

lower layer.

Key words: apple; long-term fertilization; yield; quality; soil fertility.
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1 HRMXREHARFTE

1.1 BB HuAE A
BT 2003—2010 4= 7E B P8 1 b S22 35 5 A

A= XA BH EAR R PG JE AR B K2 R AR v
HEAT. iZ XA T 34°59716” N, 109°58'33" E, i3k
950 m, EIAFEE AR TSR 11.5 C AR B REK
536.5 mm, i KZ& & 12 1005. 8 mm. {3 2R el i £
10 hm?® B FAT-4H | nf g, SR bel -3y e+ il
HhHe i 56 AT AR TR LR 1

1.2 5Tt

12,15k g R MR TEE 3 mx4 m. fifi K
N I\WZHEHE ( Mains micromalus Makino) , AR A A
2L+ AL M26 Sh il as RS 15 4F (2 2010
AE) AR HER.

L2.2 R 50T 2003 453 FR IS 1,
£ 2010 AFEFEHRIE S5 . e AR — 3T 1
FE1 6 BB R — A B/INX ER 3 U, /MK BEHLHE
A1) ARl SR AR B4 i A e 25 i S e AN [, 3158 7 A
SRR Ay R AHENE (CK) AN N B 2t PK AR
(PK) ASji P AE H i NK B (NK) (At K B H i
NP AL (NP) | Hijifi NPK b HE ( NPK) | Hjifi A HLAE
(M) ALNEA P B (e IEA UL A4 5 —F,
NPKM) . HR4f SR L 521 45 L i A H 77 B . — it
SR RARERZE 25000 ~ 45000 kg - hm™ 22 Ja] HL 4%
T E, UM Rt A N 240 ~ 360 kg + hm™?,
P,0, 220 ~340 kg - hm™ K,0 160 ~240 kg - hm™,
A HLAE 40000 ~ 60000 kg + hm™. ASHFFE it JE 7 ; 4f
N 330 kg - hm™, P,0; 221 kg - hm™?, K,0 242. 5
kg « hm™. MRHE Z ARG I A2 3 00 B (%
N 0.60% ,P,0,0.40% ,K,0 0.44% )+ EH YL
FH 3R 55000 kg + hm™ 5 By AL AT FAGAE S . AR
FHPRZR , N 5300 o W %5, S I P S A, ol
NEAE N SRR ZE — U, R R 2/3 AN SN A

F1 AHARE T EERES

Table 1 Soil properties of apple orchard before fertiliza-
tion

TR AHLE HAE P BRR
Soil depth  Organic matter Available N Available P Available K
(cm) (g-kg') (mg-kg') (mg-kg') (mg-kg')
0~20 14.6 55.4 19.8 187.7

20 ~40 9.1 39.9 11.6 112.6

40 ~60 6.2 29.5 5.9 54.5

2003 4E 10 A 2K#Af Sampling in October 2003.



11 1

AR A5 - AU T i A Ak B SR 7 |t o % - ST Ty 45

3093

1/31E AR A R A | it A8 7 235 A £ 0K 78 it
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A P ) 0 T A I e ) e
TEVH SR E AR T A 7= 1 WYT4 U &
3 Ve H 2,6- G e W 22 L@ 0 I ;s A LR
NaOH i #: I & " ; 6 5 A HP-230 1A% F& 1]
FE . SERRIUS T3 7 3 i AT o543 2 R AR A
(0 ~20 ¢m . 20 ~40 cm F140 ~60 c¢m) , &E/DXE 10
ARFESIRAS N — R 2RSS 2 mm §f
SR FH AST 3BT = HERE S i 352 40 R, b 4 485k
%P R K #42K A 0. 25 mol - L™ NaHCO,+0. 01
mol + L' EDTA+0.01 mol - L' NH,F i24& , %
H A FH AR A L € 00 5, A A5 O D B
M5 s A A A SRR 2 mol - LAY KC1 B 42,
LN ENCRE T E L AR S S A RN A
RO R Z . A7 L 5T FH 2 T -k e 4L
FE ORI ) | B S I R T2 I
1.4 Bt

K H Excel 2007 F1 DPS B {4F %R 56 K 47
Gt kAT 225 7 WEE MR, B KR
N a=0.05.

2 HRE5HM

2.1 AS[r] it A Ak B S R P K 28 B S B R T
FH 26 2 ATHT, S SE 7 4F AN [R] i A Ak B S SR SF- 1
PRI BER RS 14. 4% ~ 63. 8% . NPKM Ab B S

S 44 P A, N 36. 88 t - hm T, BN R R R
63. 8% ;NPK AbFEF-#4 775 35.88 t « hm™, % i
PE15 59. 3% ;M AbBEF- 2 7= A 0 HR 4R 5 54. 9% .
AR FEATEE LB 12 0.7 2 0.75, SRR
ER o N TR 0 B o it w1 F& YRR B A
Al 2 (PK NP NK) &b BE 4 X A0 2 35 4 v 7 S0
e (H AL BRI 25 5O B 3 AN ] A A P A 7 i
JIi g - NPKM>NPK = M>NP = NK>PK>CK.

AN AL 3828 55 3k 4 DL 3% 2, Horfr NPKM A4k 247
il 18.44 J7JC - hm™, 2l 25 17. 51 T ¢ -
hm ™ B0 BR 4G 25 15+38 6. 26 J7JC + hm™. NPK 4t
PP ALK T NPKM &b #2500 25 w5 = 1 Hofih b
A 17.54 J1oC - hm™ . RAEF CK AL BLRAG ALK
AN TP A%, aili st/ m ks,
£ PR AL A2 B R PSR i RGOl g5 Y A
5
2.2 N[R]tAE Ak R SR P AR PRAR AL

FE 1 AT LAE Y [R]— A BEAS [R) 4F B ] S 5 7=
AR RUE S, X AT BB 32 K/NAE YRS 451
TR e A B KO 45 &R B2 . N BRSOk E
NPKM M NPK 4h 3 fifi % 1056 0] (8] i HE RS, Pt 22 I
T e AEE B 0E o 201011 F 1.2
t + hm™ ;5 NPKM M # Lt NPK 4h 3 37 41k K 2 (1)
5 A PR sl B R, Herh 2005—2006 4131 2l
JERAR, 9 5.45 t - hm™. BRFE AL BE(PK NP NK) j*~
SO SR R 08 T R R A AR S SRR 43 R 0.5,
0.3 F10.28 t « hm™ 5 H g AL PR 08 % s e Kk,
2006—2007 4EJH 4 t -+ hm™. FRES EULH A FiE
RO RE 4R o SR S 7= i, L T A T S 3R ol
A f . DI 3 SR B, NPKM M NPK Ab 2 B %5
i [ 4 A% s B 28 A0k, R il J& NPKML (M &b 3

R2 TEEARAIERTIER T 1978 K 425 M5 B R (2004—2010 £ F 1)
Table 2 Effects of different fertilization on apple fruit yield and income ( Average in 2004-2010)

Ab 3 N: P,05 : K,0 Rl N A NEREREA 2V
Treatment Average yield Increament Value Fertilizer cost Net income
(t+hm72) (%) (x10* yuan - hm™) (x10* yuan - hm™) (x10* yuan - hm™?)
CK 0:0:0 22.52¢ - 11.26 0 11.26
PK 0:0.7:0.75 25.77he 14.4 12.88 0.26 12.62
NK 1:0:0.75 28.29b 25.6 14.15 0.33 13.82
NP 1:0.7:0 28.5b 26.6 14.25 0.25 14.00
NPK 1:0.7:0.75 35.88a 59.3 17.94 0.39 17.54
M 1:0.7:0.75 35.28a 54.9 17.44 2.50 14.94
NPKM 1:0.7:0.75 36.88a 63.8 18.44 0.93 17.51

SERMAE 5 I0 - kg™ (2010) AERMIHE N 4.78 J6 - kg™ ,P,054.17 JC - kg™' ,K,0 6 JC - kg™ AHUIE 0.5 J6 - k™! i8E5 0 M b A %5 R B AL
PIAMYHABALAS Apple price: 5 yuan - kg™'(2010) , price of N, P,05, K, 0O and organic manure are 4.78, 4.17, 6 and 0. 5 yuan - kg™" respectively,
and the net income analysis didn’ t include other cost except fertilizer. [ 7 [ 8} /R 22 573 .3 (P<0. 05) Different letters in the same column

meant significant difference at 0. 05 level. T[] The same below.
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Fig.1 Annual changes of apple yield under different fertiliza-

tion.

S A S B /N, R X 2 AN Ak B — Ty T o A LR
BN T SR Bl 9 4855 43, (R Bs SGH
R i 1= MiOF =i Y | B W o K o=l
BASRNH IARE SR IPe m 7R a5 b
TR/ INFEF AR S5 AR A 5 M.

AN [ Ab BR8] 5 B AR B ™= i 22 5 50 R B i R )
JE AT ( NPKM  NPK M) 4b 38 7= 2 i T Bk &
(PK NP NK) 4bFH. 2009 4F 7= & 455 7k, NPKM 4k
PR E 42,11 t - hm™, 5 HAR A& b 2 2% S5 245k
F g & K. 2010 4, NPK Ab 3 7= & 3k 5] 41.3
t - hm™, SRR A 2004 4EAH F 7 4F -4 it AT
Jarr R E T 26.3% , SXTIEA LR T 59. 3% .
U BF P A I T 41 2 S SR 3 7. B Z (PK NP NK)
Ab3EH NP NK Ab 38 7™ 1 8 S 2R IR A 7E PK B2
b TR AL FRE SR P S K AL FERUR
AU e T %o AL 3 AT LA A B, AT LU X Y
i 5 7= a1 DT R R R, 5 R SR A it L A
e AU mBERRAT R RN —.
2.3 S [)jifi FIE Ak B S R T (4 R )
2.3.1 AT MRS AN [RD it A Ak BRSPS 5 BT 4
s Rl LUE ) (B 2) , A [ 4F BrE, NPKM M,
NPK Ab 38 bifi 75 50 B (0] B 4 A% | ml s ol 3 i 22 I
Thia#s. NPKM M &b BEAS 5] 4 s 8] 95 20 A0 X #8708,
ELnT s b S 5430 i 2005 4EH 13.8% (13, 0%
R3] 2009 4E() 14. 5% F1 14. 4% ; NPK Ab B A %
PR S 2004 4R 12, 7% 58 F) 2010 4F Y
14. 4% . PK NK NP Ab ] 75 P55 8 20 4F 8
2004—2006 AF-REARME AN K, 2006 4 L 2 U6k i 3
FHIRHE R, 3 2008 4F A M & i 5 NPKM NPK |
M Kb BEAH EE 22 5 38 B A 3 /K ; {2 2009—2010
AF AT PR A i MR BN X T BE S AR N

IR A SEHRRE ] A KOS5 R A O, [FAEAR L,
AN [E) AL B ] 22 S B . NPKM NPK M A BE AT 975 A
SHEIAAE T PK NK NP A3 NP &b B 4 AT i
WOt i I, L0 Ao ] A B A1 B 33X T i 2
PRI A 4 2R g A2 S 52 v %) 6 A0 B Ak SO, 32F 1T 5 i
SESL .

2.3.2 IEERR O i T A A B SR T R A
7 2004—2008 478 fk i FE A K ,2009 ,2010 4FH A5
W E (K 2) XA RE S AR AR S SRR AT
[i] S SRESRMACST T  SR WS s o ) 45 PR 3 G, e
R SR MU B A TCE I ) A SE K T A R
BB IR, [RI4EAH L, PK NK NP AbFH AT 36 5 2
i T A AL B B A I A () R 4R | A b B
[i) 22 S 3 K.

2.3. 3 BRI SR P ORT A RS S B B AT
iR o R BHIR LL k2 T, T st SR S iy 1
JERJRUBRO . NPKM  NPK M A FHAH 2 L1 A7 328 41 3
Tt e R NPKM 4b PR L 1 2005 4F fY
36. 8 HE Il % 2009 4E11) 48. 2, #2181 30.9% . 1fif PK |
NK NP &b BEBE IR [ 7E 2004—2008 4F FAF AL, G
HE NP AL BRBERR 1L 1 2004 4R/ 32.7 K3 2008 4F
9 20. 8, AR T 29. 1% . 136 WA 4 AE X 32 25 5 o A o2
R AL BEAE K. T 2009 2010 4F T 1) 36 4 R &
B TRECE 2) , 8 A A B R R L
T IR,

2.3.4 AIEHEREDEY AT TERDE Y — 2 R E
AT DA WA ) o 1 e, 2 i 7 SR 3 ST AR AR
AT AR AR B e A SR (L 2) T, ]
PR Y 5 s HRE & i EAE L, 08 NPKM 4k
IR T

23.5 AR CEHE AN R T h YL R
C & A, [FAE L & B, NPKM  NPK M Ah 2 4
&R C & PK NK NP B NPKM Ab B4k A4
E C &5 2009 4E35%] 0. 14 mg - g7 ARAEM
#,NPKM \NPK M Zb B SLrh 4i A 3R C & B AF
#34; PK NK NP A0 H4EE R C FE AR, R
2009 A7 AR A BE AR (H BV B R R e 34
NP A PRI B J K BEAIR T 13.3% (&12). M
ASTA] it A Ak B 2S5 T 0, AR AR A AL AE e i A 2 AR K
Mg TR R C TR

2.3.6 i FEIRASR A A B HERS , NPKM A1 M 403
SRS R A L R HIRFFTE 6.5 ~ 7.5
kg « em™ Z ). 32 A MU & A VEY TR 19
Ca MgZ it n &R , X BT R AN T AR 5L
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Fig.2 Effects of different fertilization on soluble sugar, titratable acids, sugar-acids ratio, soluble solid, vitamin C and hardness of

apple fruits.

TE i BT, 3 T R T LR TR S A T i
PK NK NP Zb PRI SR P I7E 6.5 kg « em 2 LUF
(P 2) . A D3 it A BLAE vT 8 g SR 50 it ok

2.4 N[RAC AL BEXT 4 4657 4 Er B AR

2.4.1 BHEAHLR & 3 A, NPKM M NPK 4t
PR £ 2 WL 345 3] — o AR 0 3R
NPKM M 4bFH 0 ~20 em + 2H WL & 45 = 08 B
R, B T 28. 8% 129, 3% 5 1fif NPK Ab BV
FEE T 10.1% .20 ~40 cm .40 ~60 cm + )2 NPKM |
M A 4 A BT B I A AN R A
o HR IR S FE (0 ~20 em) ML ZE R A K,
H Wb P ] 22 S 4 A TR 31 i 2 7K F-. NPK Ab B 20 ~
40 cm 40 ~60 cm 12 A HLT & & ildE & T
1.62 F11.43 g - kg™, W RER R RIS P51 24
S RHMR I A i T A HLTT E & PK ONK (NP 4
BT 2 A AL & i LT AR el AR ] Uit A
AL S A HLICALIE AR 152 = -3 Bl
S, 0 .

2.4.2 HIEHALA  NPK NPKM M Ab#f 4 HE4 2
BRSO HT (2003 4R ) A W ER .
NPK ZbFH 0 ~20 em 20 ~40 em 140 ~60 cm )2 7
EE B A TR T 22. 7% .37. 3% F
53. 4% ; NPKM AbFHN] 23050425 T 23.5% .39. 1% il
40.5% . CK AbFH + 3ol A R & 1 0 3 R, 7 4R
AR 2 BACE S 1 IR T 48. 7% \30. 8% Fil
41.3% (K 3). L as LR, i T 200 A it AT
(%) SRR AR el - v ) AR R B R )2 IR .
CK AbH AR 2 AR & i R B A TR
TR R TR ANt I 2R el 3 R oy ik = iz R
RREXT A 1S A3 () 4 S W SR 5 B R Ak L R
U BAR /D, R 2R MR I L.

2.4.3 BIEARWE KWARMEIEAIESS , Bk CK #
NK ZbFRAN 45 )2 1 A 50w & 5 24 W 2 e, Horh
NPK A B34 i B £ K, 75 0 ~ 20 em 20 ~40 cm Fl
40 ~60 cm 1 EHIAG AT (2003 4F4) 735340 1
133.7% 134. 4% F173. 8% ; NPKMALF R 2 | 73 3]
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Fig.3 Changes of soil organic matter, available N, available P and available K under different fertilization.

WHNT 96.9% 93.9% 1 87.9% . CK il NK 4b 3 4%
J2 5 8 o e S BGR RT (2003 AR A TR
. AP R H A A S = FE R ERT
TZCE 3) . ik B it AR el 4 e ol SRR R A v
TE0 ~20 em )2, HEE 28 20 ~60 cm 12 2
Z AL

2.4.4 HHEERCE BR CK NP ALBRAN , R 42 h
(1) b 3 AR B g R T ER R, HLR T R Bs HA Y
CK 43R, 3856 7 4FJ5 , NPKM AL FEYE 0 ~20 em 20 ~
40 cm F140 ~60 cm 1 JZ W) e B RCER & &5 5k
222.3.162.7 197.8 mg - kg™ ;5 CK ML, 43513
T 90.7% 55.7% F1 107. 8% ; 5B Hij (2003 4E
SO FALL, AN T 18. 4% 44.6% F179.5%.
NPK AbBRYK 22, 43 5% CK 3/ T 82. 1% 45.8% Hil
93.2% . NP b P25 2 BRI 2 12t il 21 T At it AT
AEPE(E 3).

A

3 i it

A Bt AR RE A0 AILAE B BH (2 i35 38 AE Ttk
BT R TR . AR WFSE  ad iESE 7 4R
(i) 46 485 SR R W, S SR AR - 34 77 5 U 2 NPKM >
NPK = M>NP = NK>PK>CK , fL At A HLAE B it b 2 5
PR BRI T 63. 8% ; NPK AbFHA 5 P i A
XFHEBATN T 59. 3% ;M AbHA Xt IR = T 54. 9% .

5 A TR ] 22 S P[] % B R R I 23X 5 R Y
SRR AE I — B AT IR R S A LBy
1:0.7 075, AERTAKIHBFGE 1 ER 105 3 1
(N:P,05:K,0F1:0.5~1:0.6~0.8)2ZWN.FH
PLAES A AL E it 2 4y 2R G ] SRS PE i s DU AL A
AT = A8, 17 B I A T AR . — 7
THE A HLIE B A 5T T 3R R g iy LR
3, TA s ST e 8 7 4 398 5 A I 5 0 %) R s 5 B85 A
AR NIRRT B B Sy M BE R
AT g 1320 6 BN T /MR CYAR A%
A SR 5 o — 5 T, A HUIE PR i A A LR
ARSI T P HLFR 0 A R AT
HE T EAPESR T ARET, BN T - 5 v ORI U
Feor e R Y T A TR 2 0T E 3R,
Mg 1R it BRSPS s A, RS B2 A
T E A — A7 T, 4 Al i PEmE Ve &8 7]
WAERIEY) BERR L R RS AR G T TR TH 2%
Yy AT YA AR N T R A TR e R i B ) e
L RLAR Y, G R R T A S A AT E R
T AT DU SR R LUt vy, Tk TR
PR, AR 56, NPKM R M Ah 2 g 362 51 5
Jo RS B HL At b B I 2 NPKM (M &b 2 il 5 1 59
FTE] RS ] P Al 5 e 2 B T A 43 il B 2005
A1) 13. 8% | 13. 0% 3% 7in £ 2009 4F 1) 14. 5% F1
14.4% . NPKM M AL HR4EA: R C & ARS8 1T



11 1

AR A5 - AU T i A Ak B SR 7 |t o % - ST Ty 45

3097
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