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B E.amaEs: 5 4 (2005—2009) H A€ A7 k5, Hi Kt AR AT (PKO . Hiti NPK AL (NPKD .
MR A IR G AL (M), NPK ARG HUIBEL A A (AL ARA HLIE S A7 —2F, NPKMD 53R
IR 703 . RS A TR o 25 R W 2 NPK AR B | N PLK 9743 & i & NPKM
FIM AbER, TR SERE IR I, NPKM K& M ARSI R N Py K &5 2 % 5 T NPK # PK 4b 2.
5 AL AL FEAE S O AR 34.6% ~ 42.3%, SERERIF N NPKM > NPK =
M > PK. NPKM 4bHE 5 4FFEy 77 BEiE 36.88 t- hm?, 2009 4F NPKM 4k H H4% KT 80 mm [R5 7 i
BB LUBIIE 71.34%, NPKM A H ) S SBRR Ll i (39.3) 4EZE 3R C. mIVE TR [ A O o S R P 3
4 NPKM AL B . NPKM Al M ACBE [ 338 HLST S A R RO, BOa i (PKD AbFR 3 i m T
69.6%F!1 58.5%. A NUIEEC IS = 1 3% H= A0 s,  SRbd - 3EAE Ty 3o, & SR ] o AT IR AR Y
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Effects of Organic Manure Application Combined with Chemical
Fertilizers on the Leaf Nutrition, Quality and Yield of Fuji Apple

ZHAO Zuo-ping'?, GAO Yi-min', LIU Fen', WANG Xiao-ying', and TONG Yan-an""

('College of Natural Resources and Environmental Sciences, Northwest A & F University, Yangling, Shaanxi 712100,
China; *Shaanxi University of Technology, Hanzhong, Shaanxi 723001, China)

Abstract: To evaluate the effect of organic manure application combined with chemical fertilizers on
apple yield and quality under long-term located experiment, a five year field experiment was conducted in
dry-land orchards located at Weibei, Shaanxi Province. The study included four treatments: Inorganic P
and K (PK), swine manure only (M), inorganic N, P and K (NPK), and 1/2NPK and 1/2M (NPKM) .
Each treatment was replicated three times. The foliar nutrition, apple quality, apple yield and soil organic
matter content at each treatment were compared. The results showed significant differences between the
rational fertilized and irrational fertilized (PK) treatment. Apple yield was increased by 34.6% to 42.3%
under the different fertilization. The apple yield decreased in the order NPKM > NPK = M > PK. In
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the NPKM treatment, the percentage of apple with diameters > 80 mm increased to 71.34% in 2009. The
sugar to acid (S : A)ratio was the highest in the NPKM treatment. The vitamin C content was greater in the
fertilized treatments than in the PK treatment. The soluble solid, hardness were the highest in the NPKM
treatment. And soil organic matter increased by 69.6% and 58.5% respectively in the M and NPKM
treatment after five-year field experiment, which were significantly higher than those in the PK treatment.
Organic manure application with chemical fertilizers increased the apple yield and apple quality, reduced
the risk of environmental pollution, and improved soil fertility greatly. It could be a good practical
technique that protects the environment and maintains or raises the apple yield and apple quality in this
region.

Key words: apple; chemical fertilizer; organic manure; apple yield; apple quality

KPR RIE CHIRZ R 55, 2002; F#) 55, 2002; @248 HAIZET K,
2006; o AE, 2007; Xisw 5F, 2007; MR OAE, 2011 IR A, 2012, 2013; B 4,
2012; F/NGE &, 2013), fHEZAE AR AL IR Sl IR BURPFA 45 7 10, 3 AR IR HUIE R &
Jit FH AT S SR 7= ot U5 ) PR AR DGR ARG B/ o ASIF R i i 2 5 A RS, 70k vE T AL R R
SERALAA A DI T B it HUAE A B B A RS S B 78 JRORCRRE , 285 0B T AR HLAE AL
TGS S by T AR T A LT A s . DAY R ST AT R (S i AR R R
PEAE0A T (B M

QY VR SRS DARES

1.1 KRR

I T 2004—2009 AE7E Bk P b IR0 SR AR X A BH ELAR R PG Jb AR MR K 2% R A
VHIEAT o XA T AREE 109°58'33", Jb4h 34°59'16", ik 1 950 m, JEE 7L, T4 11.5 °C,
IR R 536.5 mm, e KZEK & 1005.8 mm. (R G HEIFL 10 hm?, M-I, wTHER, L3N
g, IR SRR P N IR R AR 107 g - kg, AR 9.4 mg - kg, B
AR 1363 mg - kg, MM 1.8 mg - kg, HAE 172.8 mg - kg'.

b E RO LU L, R LUBRAR Moe AP iE il e BRATEE 3 m x 4 m, FES 4 2009 424
15 4,

1.2 Rt

RIE T 2004 FEEHRIBEAME, 22 2009 39 FERIME 45040

TER I AR — BT B FE ) 6 FERY 1 ANMEE/NX, R 3 W, DXBEILHES] . L 4 AR EE:
P, UL IE (PKD; Ul NPK ALAE (NPKD; HUif HUIESE2E (MD; NPK AL AEFIAT HUAE L
it AREAFUEE S S —F, NPKM).,

AR08 e Y SR P A B« S L R L AR AR 25 ~ 45 ¢ - h™, IR 4 N 0.24 ~ 0.36
t-hm?, P,0s50.22 ~0.34t- hm™, K,00.16 ~0.24 t - hm™, HHUIE 40 ~60 t - hm™ CKlEEMR 46, 2002;
i lE 2%5,2003; F o6 25,2004 B4 EF 45, 2012) ARIGIELE 5 AEMEAE RN 4N 0.33 t - hm™?,
P,050.221 t - hm™, K50 0.242 t - hm™. H 4 o A HUIRRLR 20 250 38 3 9: 0 B8 (N 0.601%,
P,05 0.402%, K0 0.441%) A HIEIHE N 55 t - hm™. B EAE R E, BEAL % 0 5 1
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5, BRIER S FEE . BEIE. BRIEAE N BENERK R R RWOG — kit N, PREE 2/3 VRN,
13 fERZAE B NEEN o Tt IE 7 20382 2RV it o SR ] At 65 5 it ] >4 253 R el — 3
1.3 MEDBRMNER*

M 2005 FTFAAE7E S SE BSGAIIIR I, FERR AR B PEAL 4 N7 10 45K 16 AN RSE, R EE R
SR, ISR AT SR o F NSRS, TR E . PR Y R SR NG
FEI WY T-4 BB o100 52 o R PR FH A0 J — B e vk, 2B 3% C F 2,6 - &l g th (32,
A HLER FH NaOH fifseyk (M4 H, 2000) W%, A58 H HP-230 FYAH R I 52 . 2009 4T i 2 )5 3
4 F R EE AR R IR, JERFE S ke BRI AR B A6 )7 1) Brb R 3R 100 UL E,
[F]— IR EIRA G R NIRRT [BISEEG =, SeH A RoK ok G i H 28K AT, 2 J57E 105 °C
ZAT R 15 ~ 20 min, SRJSTE 70 ~ 80 C M, BEREI i S Do BRI XK AL, 4 BRI
1R Tector5020 sl S 70 A A 5 o A8 15 FH KM BE v o AR 23 3 1380 T 4R i (2004
RS MIEEHE (2009 %) A FAEEEEL 0 ~ 40 em -2 148, W AN &=

K Excel F1 DPS A XHR 56 B EAT Fe -4 Ab 3

2 HiIR 5

2.1 {kBEEHREETIEGVIRT L

EEat A, R IEIEANEE T 5 4E )5 1A ML 25 - 02005 W 2009
RS EWER e REE NS NPK LB
(NPK) A H3EF YR &R S FRifem T

20

17.6%, T A S S R T ’
JERAFTEG AHUEREZE (VD S A A HUIE R L
Jit (NPKM) A 3G WL A3 = T 69.6% ST
N 58.5%, BN & {2 2 =T NPK 46 (NPKD 0 : :

PK NPK M NPKM

AeEE (Do Uk, it AT HLIE R S AR IEAT L 458 Treatment
JE AT T P s AT B e, B
B 1 FREELE SRR RENRE R

29 ﬂﬂﬂE’.ﬁ*ﬂHE’.@Eﬁﬁi‘ﬂH’H %% E"] %2 ﬂrﬂ] Fig. 1 Change of soil organic matter after

5 years of fertilization
AFEAC AL B S, R R B TR ’

i (R 1, 2, 3 WE T HERALIL (PR, BEEAKEANMER, 2 n B8 (P <
0.05). WA B HIRWRAM. 7 EEA AR TR Wi S L, MR R R S R
PR T fe Al BEAE N ] AOHERS . W P WS A 2 TR SR e A% 1 R SR 4k A FAb Az, It
HAREE®E, LSRR XSRS (2008) MNFFREIRIEAR S 4 A A RH
Jr A H g, Bemf i AR/, PR ARG AR DR, S A B S R A R W BEAAAE
BE R A IR R T o D bR DU A2, SRR T BEAE W 28 Ja ) 5 40, M R T ARG A DR
AN RFE o AR AL BE R, NPK ALAEAREE (NPKO i 393 0 5 s e 1A A A LA P it
(NPKM) HUGAHUEREZE (M) AR, SRS RIS R (7—9 ), AIEA MU AL
H(NPKMD A B - HUilE NPK ABJIE (NPKD AR, A HUIBEAVE NS iy ELa o 5 4 g it
R, AR PRR, A E A KRN TRy (B 45, 2012). fERWAKGH,
AREA HUIL A A it HUAC AR B b I 00 3 W v T AL AL 2E

Soil organic matter

HIEARE R (g kegh)
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F1 2009 ERWLHERRRERMHRESE

Table 1 Nitrogen contents in leaves of Fuji apple during different periods in 2009 (mg - kg™
Ib ¥ 5H 6 H 7H 8 H 9 H
Treatment May June July August September
PK LA (PK) 20.17+3.08b 17.77+2.95¢ 16.47+2.12b 1430+345¢ 1447+432¢
Inorganic P and K
NPK LA (NPK) 2589+322a 2376 +2.87a 20.72+322a 19.76 £3.32b 20.72+3.75b
Inorganic N, Pand K
HPULHEZE (MD 22.70+3.52b 20.74 £3.21b 2322+242a 2248+2.12a 2422+3.62a
Manure
HHEAHUERC I (NPKMD 24.09+3.07a 23.76 +4.01a 2293+253a 22.01+3.56a 2493+323a

Inorganic N, P, K and manure

e FZEHE A R TR E LR R A B 225 B (P <0.05). I,

Note: Different letters in same tier means significant at 0.05 level. The same below.

F2 2009 FRAYEFRMNAERNH FBEE

Table 2 Phosphorus contents in leaves of Fuji apple during different periods in 2009 (mg - kg
Kb 5H 6 H 7H 8 H 9 H
Treatment May June July August September
PK fLAE (PK) 1.57+0.22a 1.49+£043Db 1.57+£0.35b 1.35+£0.23b 1.22+0.54b
Inorganic P and K
NPK L8 (NPKD 1.74+031a 1.49£023b 1.74+021 a 1.34+025b 1.38+£0.23b
Inorganic N, Pand K
AHERESE (MD 1.63+0.33a 1.59+0.35 ab 1.61 +0.22 ab 1.56+034a 1.58+0.31a
Manure
A EAE VLA E (NPKM) 1.72+0.12a 1.68+0.29 a 170+ 024 a 1.63+0.19a 1.60+0.17 a

Inorganic N, P, K and manure

F3 2009 SERWHETRRMHIERRHFHSE

Table 3 Potassium contents in leaves of Fuji apple during different periods in 2009 (mg - kg
Js 5H 6 H 7H 8 H 9H
Treatment May June July August September
PK fLJIE (PK) 10.55+1.89b 10.60+3.01 b 8.63+1.67b 7.57+2.79b 583+142¢
Inorganic P and K
NPK LB (NPK) 13.62+2.34a 11.98£2.65a 1042+1.82b 9.27+2.66b 8.99+3.08b
Inorganic N, Pand K
AR ZE (MD 13.56+£2.78 a 1277+241 a 13.07+3.01 a 12.30+3.09a 10.84+2.52a
Manure
WA HUILRLE (NPKM) 13.77+£2.72 a 13.54+2.67a 12.55+2.98a 11.90£3.14ab  1034+244a

Inorganic N, P, K and manure

2.3 KAEAHABE N EREMF N

ANFSE AN AL B AR = i WLAR 4, ARIEAHUIERCHE (NPKM) AbEESE R g R R EfR D
BT, 5 EE PR, I8 36.88 t - hm?, UM RGN 42.3%; NPK ALAE (NPK) AbBEE-I
FrEAIAE] 3544 t - hm?, BN T 36.8%, H 5 AEREG SR R ILIRE, ATRER R K
ANERE I o I U B A I LI it e K IR N R R R, A RIS PR, MR SEK)E
VAN =7 NP VN (T B 0 a0 w9 O 1 192 1 207 A N 2 e 7 287 Sy N N X
Wi SRR P BT A I HUIEESE (NPKM) > NPK fLE (NPK) = HHLUIEREZE (M) > PK
BB (PKD.
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HESE 5 AN AL N R Bt (GR 4) KRR R R Ze ARG (P < 0.01). fLAE
HHUEEE (NPKM) B k52 T HAB AL B (a5 y = 38.21x - 76725, R*=0.998).

F4 TRIFEAEALEN R~ RN
Table 4 Effects of different fertilization on apple fruit yields

FEIR Bony 2ib R/

Fe4E/ (t-hm™) Fruit yield

Ak HE (t-hm™ /% (t-hm?)
Treatment Average Increased Accumulation

2005 2006 2007 2008 2009 . .

yield percentage  yield

PK fLAE (PKD 28410 26.12b 27.24b 2320 ¢ 24.64 ¢ 2591 ¢ - 129.61 ¢
Inorganic P and K
NPK LA (NPK) 3191 a 3735a 3352a 38.68b 35.77b 3544 b 36.8 177.23 b
Inorganic N, Pand K
BHHUERZE (VD 31.17a 3342 a 3529a 38.14ab  36.41ab  34.88D 34.6 17443 b
Manure
HHEAHUERC I (NPKMD 31.53a 33.78a  36.63a  4038a  42.11a  36.88a 03 184.43 a

Inorganic N, P, K and manure

2.4 {LABEHAREHE ERMERAF M
241 SMREXRNARFRF N

g (RS BoR, HWIEEYUERE (NPKM) ARELRAZ KT 80 mm DL HRSEANET & LL ik
71.34% . NPK {LAE (NPKD S A HUAESREFE (M) Jit A AL BEARFE = T SRESERT SR, LR 5 AIE 68.54%
F169.29%. %f I Kt AL (PKD ARBEARSERT il A m, N 31.14%, RALFEAEPLE 75 mm LA
To AEEHULE G (NPKM) AbF R G R K, 14 267.14 g, 50 KA (PKD AL BEAH
te, ALEEHUIEECE (NPKM). NPK LAE (NPK) FIEHUIEIREZE (M) AP 5 5 iA 31 3
K-

#5 FTEMEAELENREX/NHRME (2009 £
Table 5 Effects of different fertilization on fruit grading in 2009

AMFE Treatment MRS /% Fruit grading LR )ﬁ% / e
> 80 mm (fi High) 80 ~ 75 mm < 75 mm Per fruit weight

PK fLAE (PK) 31.14 26.11 42.75 17224 ¢

Inorganic P and K

NPK {LAE (NPK) 68.54 24.32 7.14 242.87b

Inorganic N, Pand K

BIIEHEZE (MD 69.29 22.84 7.87 237.47b

Manure

A HURELE (NPKM) 71.34 23.52 5.14 267.14a

Inorganic N, P, K and manure

E: BNEHEYH 100 DA
Note: Fruit grading use 100 apples as sample.

242 MREAESLFG A

e 6 A, AWHEAHUEECH (NPKM) Kb AT 3 &y, I e IR s d ik, Bl
FRLE A 39.29, WHPR LU 0 T HAbALE . wl s PR B & & 5 nl i A ALz b, B84
JEAHUIERL®E (NPKM) b3l my, S5 RS IGIE (PK) AL, &AM iA ) 22K . i
JEAPUEEE (NPKMD. NPK ALJIE (NPKD. FAHUIE (M) AbF4EA: 3 C & S ARRO UL AL,
& (PK) AbBHwEy, H &% AL3 A 2 5k 2] W 7K, AGIEAHUIEECE (NPKMD AbBE 1) f . Al B2 45
Ab B35 5 2 v TN RO AL I (PR AR B
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F6 TRERLENERRROFM (5 F£HE)

Table 6 Effect of different fertilization on fruit quality (Five-year average)

o Tt mwemyee | FERC  RRIEE B WM

Treatment Soluble sugar Titratable acids (mg k™) i (kg - em™) Sugar-acid
Vitamin C Soluble solid Hardness ratio

PK LB 11.51¢ 0411a 109.1 ¢ 13.76 ¢ 6.35b 28.01 ¢

Inorganic P and K

NPK L 13.36 b 0.365b 134.6 b 15.69 ab 7.01 ab 36.60 b

Inorganic N, Pand K

HHLIE M 13.65b 0.377b 133.8 ab 15.73 ab 721a 36.21b

Manure

AT HUIE R iE NPKM 14.18 a 0.361b 137.6 a 16.12a 741a 3929a

Inorganic N, P, K and manure

3 e

SERMAE N Z MY, AL E A A, I E RO IR R R R A, A
Gy R LR R 5, KHF BARE G 16 B AP, A NIRRT LRMEA T E (F
ANGE R, 2013)0 SRARBSE (20090 Fi i, BT DU RE R B2 e F e 3o otk ) S Tt —,
PSRRI TF B, A A0 W B EGE LIEIC RO, BRI TR iers.
WEFHRE, AAUES S B BTN 4R R ST RE L S L A, AR TR - A
FE, P SR R AT B R B S A HUIESE S RIS R ISR Sy R R e R A B T R AR B R
IS O AHUIE B L A MR ] el in 7 L b A HLFR o 0 A A, AT gk 1 xE
EPEFR I (AR TG 5 T L3 v 2 R R TR 43 (0 B B, B S TN T 38 2100 BUE 7R (i v [ 4%
2003; WA 5%, 20065 Kaur et al., 2007; FJHi#:, 2008; Liang et al., 2012; ZE 4%, 2012;
Liuetal., 2013) AHF50I0 I Be A AU AP IELL 5 4 RS, 4P~ 87 4 NPKM >
NPK = M > NP, {GIEAHURE A= SR SN T 42.4%. 5348, Mt - 8aHUm S &
AR, KD, TR L EE. i RS, R R M= . M A A LIRS LI
BT AN AR BEER =1 T 69.6%, AAEAMUAERCHE, A AR EEESE T 58.5%. AP S RN
PEE T U T I R TR REI 2R, AR e R IR . BORRT
S E FR N 25 B (Tarkalson etal., 1998: 4545 4%, 2008: #RWIK 4%, 2008; A¥lE 4%, 2010).

SRR A ST B LB A AT 2 ), AR 2 AR B 3 R N A i AT R E
o FEPSE (2002) HAEFRH, RS S IE, TCIR B EGE ,  HRE EG AE
Ly TRE, MEESE. AP RN SR, SER BRI AR ) RAEH . i
& (2007) WG HGER AR S, SRR pTE . BERE . O AR LA ARSI R )
A TIRbR A T A BPAE (2009 AR S I P-4 i N S0 B IE R DA S A 4
e PMESE (2011) LAVHHE N S T K EAE B, 43 B K RS A 0 S0 R TR e o &5 SR i«
e K AR S B I A R, (RO G R B TE A . BRI s EOH AR TR A S g, R
SRR T TR i 2R % it P R K 40 (A R PR R T B0, e FH U T R o AR SR . AN STIE
A FUIEEC G R L, A FUIEEC G (NPKM) 4bBE A% KT 80 mm A b S SN | B A3k
71.34%, FAEKT 75 mm DL SRSEAS BT LA B 2 R IE 94.86%, AR KHLERE T R SR RS
Fo AEAPULEE (NPKM) ACBHERRLG . rISTERTEY) . dE423R C & &, RS I8 A f .
JR PR A AU & B —J7 T I LA AU S M 2 R DR o, s TR B, AR
AR, PR I ) S O E R AT E . RRLE. AT RIFRA R, A I

i
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R, I HSGE S M e RIS TR R T A AT EIE (2008) WFFTEE 18—
AHUEIERAEE , TR0 FESERETE, T LLRER RO BTG SR [R5, BRI Of 1 4408 IR A P i 24145
et T RO I, AIEAHUIERCHE 2 50 L3RBTy )L SRIERR A4 BEf] B0 AT I AR
AR
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