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Correlation Analysis of Leaf Mineral Nutrients with Fruit Quality in ‘Fuji’
Apple in the Loess Plateau
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Abstract: The objective of this experiment is to find out the effects of leaf nutrients on fruit quality in
‘Fuji’ apple. The leaf mineral nutrients and fruit quality were surveyed at 108 ‘Fuji’ orchards in Loess
Plateau during 2012 and 2013. The methods of canonical correlation analysis were applied to screen the
major leaf nutrient elements affecting fruit quality, obtain optimum proposal of leaf nutrient elements for
good apple qualities, and point out the existing problems in leaf nutrients. The results showed that the
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whole apple quality in Loess Plateau was fine, but the fruit firmness was relatively low, the variation of
titratable acid was slightly larger. The mass per fruit was influenced by leaf mineral nutrients K, P, Mg,
Fe, Caand K >P > Mg > Fe > Ca; Fruit firmness was affected by leaf mineral nutrients Mg, K, P, Ca,
Fe and Mg > K > P > Ca > Fe, soluble solids was affected by leaf mineral nutrients Mg, K, P, Zn, Ca and
Mg > K >P>2Zn > Ca, titratable acid was influenced by leaf mineral nutrients Mg, K, N, Znand Mg
>K >N >2Zn, the order of fruit shape index affected by leaf mineral nutrients was Mg > K > P > Fe > Ca.
The optimum proposals for leaf nutrient elements content of high quality apple were: 21.5-26.6 g - kg™,
1.18-1.86g-kg*, 55-1169-kg?, 13.6-26.1g-kg*, 489 kg?, 15.0-75.0mg-kg?, 100.0 -
180.0 mg - kg of total N, P, K, Ca, Mg, Znand Fe, respectively. And mass per fruit, fruit firmness,
soluble solids, titratable acid and fruit shape index will achieve 382.5 g, 8.59 kg - cm, 19.11%, 0.157%
and 0.93. In the investigated orchards, total P, K, Ca, Fe content are higher, the total N and total Zn
content are relatively appropriate. In addition, leaf nutrient content is higher in the whole investigated
orchards. In order to manage tree nutrients in the future, it is a key point to fertilize reasonablely, balance
tree nutrients and prevent vigorous growth.
Key words: apple; Loess Plateau; leaf nutrient; fruit quality; correlation analysis
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2014) o LEXFSERMBFFE R I, AN A S RP 2 ), 5 S SI Sh B H  97 53 BT A7 AE 2 5 (Dris et al.,
1998). LI CUp3E RS R LAz AL B, B FREL S RIS (Fallahia & Simonsb, 1996),
‘Golden Smoothee’ 3 5L ] ¥ 5 e & B B M AT & B 52 28 IE A OG, SRSl i i s A B R
W IEAIE (Casero et al., 2004). TP HbX £1 5 35 5 5L S0 8 R/ R 5% i 35c K I Fr 9290 7
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A B 5 RS 8 B A 2 (0 SR AR R e, PR KT 30% LA B IAE Ry b,
KPR 30% L I/ AR el o SRAE S bl S B = ek R A 10 AR R, AR R
BV SAF o AR SR AR 0.4 hm?, BT S5l (135 Bk 5 1 (Malus x domestica Borkh. “Fuji’ ),
i ARk )\ B2 (M. micromalus Makino), ##%% 15 ~ 23 4F/E, BRATEEN 3mx5m. ke ),
TR G BT AR, HLE 2 .

201248 H, 7E&RMAI AR PGALH i 5 AN S B 1 R R A, o, HEREER
FUERIW, Mdgbric, BERW T4, 75, M. db 4 DITALSHCREE. AMBOEAY 5 7 5k 8 A - 3 ~
57 G, B RENR G AT 100 Fr, HZEFKPE T4, AR5 E 105 CHUAE R
30 min, #RJ57E 70 ~ 80 C FHET, Wie)aid 60 H i, WAMRASEH. 2012 410 A, Xf Lidik
FWE, fE RS AR R SEREAR, FHET AR U, m. db 4 AN J7 AR 5 ML s Gy
WD s, T RIBRR . RTE . RYUSE M, AR, nlv PR R YR A] i R W E .
2013 4EHE K 2012 F[FRFE T AE.

12 MAFHMRLABRNE

4R 5 R HaS04 - Ho0, & E A%, AR5 2K HaSO, - Ha0p W e BTk, 4
ER I HaS04 - HyOp W KBV, 445, A8, SRR ES E R HNO;s - HCIO, W7
JE IR o e BV (k- HL, 20050 5 .

FHUERR R s B (mm), Y0, BEARIG LU R A SR TE4R 4 H B P AR 52 i
(gD ST ASEARIE AL AR 22 5205, SR R SR AL (GY-4, WITTHC SRS FRA =D
SERSERE (kg - cm®); RABCTF TR (PAL-1, HA ATAGO A w]) J5E 5 s m] i P i
JEd (TSS) i KRR E T (GMK-835F, ii[E G-WON 2] ) il 5 5 sl i i IR & 1o

K H Microsoft Excel 2007 (&[E, $AKA D AT EHE 3R T, J7 22 0 H R A
TIMEAE S 0.010 [PV 7 R AR R BPE OBt =%, Bog 22 K%, LRk 5 B4R g R FH lingo
At (£, LINDO R4 ).
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2012 1 2013 S X B L i JEU B [X. 108 AN #i 8  S BE e AR AR M o i 5% 0l g 45 SR LR 1
Z: Wz Dr A (2004) )52 R B 7 b X SE SR I 8 R 0 2R AR VO L, BT A A 1) S R AR I A
AR AE. SRS BN E, SFEMERES RENMEE. 7 N RIES SRR
DR T AR, 1K 58.91%, LAY 6 MR AR REA Y, N T 16.7% ~ 29.0%.

®1 ERMRT RFLSTEHRR

Table 1 Mineral nutrition in apple leaves

Jt# Element SFYIME Mean e/ME Minimum %Al Maximum Fr#EZ STD AR 5 R 5% CV
2%/ (g-kg™) Total N 23.66 14.42 47.15 418 16.67
478 (g-kg?) Total P 2.72 1.41 6.50 0.60 22.07
44/ (g-kg™) Total K 12.36 5.71 20.97 2.86 23.13
4451 (g- kg Total Ca 26.21 6.61 47.61 6.65 25.38
482l (g- kgt Total Mg 475 2.77 10.02 1.26 26.56
48 (mg - kg Total Zn 38.25 11.81 185.80 22.53 58.91

42kl (mg - kg™ Total Fe 306.27 134.89 518.01 87.71 28.64
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2012 F1 2013 “EPIAETE - JE HB X 108 A 700 ' S5 S el SR iz R A o BE L2 2, Horp
BRI RT Pk [ TR e S v T R SR AR UE (GBJT 10651-2008) HALESEL . 5 AN M idEhs T
A E R SRR T AU OR, 1K 19.06%; LA PERIEY SR (11.99%); FR U B8R E
(9.62%) FHEE (8.09%); FIIREA T RZE /N, U H 3.27%.

%2 REI[REFR
Table 2  Attibutes of fruit quality

BESE R bRAE (RAFZ0

i S 5/ MH SN PRt 2 AR5 R EU%

. L ; Standard of fresh apple
Quality Mean Minimum Maximum STD Ccv .

(Superior grade)

B Tii /g Mass per fruit 250.54 182.99 346.10 24.10 9.62
TfiEEN (kg - cm2) Firmness 7.78 7.39 9.80 0.63 8.09 7.00
A M TE#/% - Soluble solids 14.92 12.34 17.46 1.79 11.99 13.00
Hl§i e MR/%  Titratable acidity 0.295 0.188 0.439 0.056 19.06
W44 Shape index of fruit 0.87 0.82 0.94 0.03 3.27

AN]SR S5 i o S5 2 1 2R el LS L3R 3. 94.45% (1) S frel L AL i i T~ 200 ~ 300 g 2 [7]; 94.45%H)
SR SRS R R RS BT 13% ~ 17%:22 0)5 10.19%K) 5 S Se g /T 7.0 kg - cm™®, 88.89%
AT 7.0~9.0kg - cm? i), 1A 0.93%7 T 9.0 kg - cm™®; 93.529% 1) 5 bl B Sz Al i E R & A T
0.2% ~ 0.4% [H]; 37.96%[11 A b A S T4/ T- 0.86, 43.52%71 T 0.86 ~ 0.90 Z [i], 15.74%7¢
+0.90 ~0.93 Z |,

*3 BTERTRMBREMEERE LS
Table 3 Proportion of ‘Fuji’ apple orchards for different fruit quality attributes

LR g YSERRES (kg - om™) ES |zt AL TEAI% T3 5 BRI %

s Mass per fruit Firmness Shape index of fruit Soluble solids Titratable acidity

Grade il Al LI:@J/% S Rebd LI:@J/% Sl %Im_l LL 1% S bl LI:@J/% S b LI:_{?IJ/%
Boundary Proportion of Boundary Proportion of Boundary Portion of Boundary Proportion Boundary Proportion

orchard orchard orchard of orchard of orchard

1 <200 1.85 <70 10.19 <0.86 37.96 <13 2.78 <0.2 0.93

2 200~250 50.93 70~80 5556 0.86 ~0.90 43.52 13~15 50.93 02~03 6111

3 250~300 4352 8.0~9.0 3333 0.90~0.93 15.74 15~17 4352 03~04 3241

4 > 300 3.70 >9.0 0.93 >0.93 2.78 >17 2.78 > 0.4 5.56

23 MR RFLSSENRIRREZMEFHFEMEITAEAEL

PR % O~ 28 (p)y 28 () B85 (Xca)s BEE (Xug) BFF (Xzn) PR (Xee)
H—AIER B, RSz aE (yp. WE (v, ATEHEREYESE (ya). 1HCRSTE (yp)
FMFICIREL (ys), AT —IESEAA, NI 77, WP LA SR REM KA, g6 2D
SRR NG 24T, O aE H S e SR S R R A LA B IR R W e R R, L T
RS S I R R I ENE R (R 4), kxS A7 AT B A G, ik B B
K, RS T FEASUE T HE

MWL 4 BENETT A 1, AT S T R s ORI B > > BE > Bk >
B, HE BE Bk BRIEMDC, SEERUHIC RS2 T SR S 5 (R ORI B >
B> BE > 85 > Bk, JESEE. BRI, 5B BT, A RIEADE szarva k[ YA s
FW IR s /N 8 > B > B > 8 > 85, SElBYRIEA Rk ses
R R N e > B > B > B, SR BERIEAS, SR BRI,
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S v P AROMVEE ) T ARG R S IR &5 8 SRR IR B o B R 20 S WA N A B >
B> BE > BR > AL, HEL WL BREIEADG, M. B2k,

F4 BOMRLRRBUNEEMNFT RFSBFHEMEEFAEET
Table 4 Selection of major mineral nutrient factors of leaves and establishment of regression equation
affecting attributes of fruit quality

R (y) [ )= 5 R T F A

Fruit quality Regression equations F value of equations
BHLRR Mass per fruit y1 = 126.287 - 3.496 Xp + 4.141 X + 0.657 Xca + 2.819 Xyg + 1.009 Xee 7.90"

fifif¥ Firmness Y2 = 4.452 - 0.0743 xp + 0.103 X + 0.0474 Xca + 0.258 Xyg ~ 0.00323 Xe 9.32"

A PERIEY) Soluble solids — y3 = 8.425 + 0.124 Xp + 0.24 X + 0.04 Xca + 0.516 Xyg + 0.062 Xzq 8.97"

A MR Titratable acidity ya=0.108 + 0.00121 xy - 0.00798 X + 0.0136 Xy ~ 0.000301 Xy 12.33"

HIEFE%0 Shape index of fruit  ys=0.825 - 0.00118 Xp + 0.00176 X« ~ 0.000123 X, + 0.00516 Xyig + 0.000352 Xee 6.97"

** P <0.01.

24 RIEMEMHEFASEMRUAER

Nt R IRAG RS e 37 S IS B L, DUR SRR UK (Ymax) A H A5
BB (A, WSZRERE (yo). FIWMERIEY) (ya). RSEAHER (vo) RILIRE (ys) A 2%
(XD M (xp)y B8 (O B85 (Xeads A5 (Xmgd)~ BFE (Xzn) FIAEL (Xee) WAREM: (B,
Jr R R IR LR AR TR A B s PR, RIS 22 [ N A R FR I8 B S TR
TR A2 AR U A 1 HScah 0 LR [l SR S AR vE (GB/T 10651-2008) (& 30 L il i o,
BT T SRR R S B S R B KR M R Oy R A . N R AR AL e, AT g R i R SR R e K
(Ymae )~ P VERETEDI R K (Ymaxa)~ HESE AT 8 BRI /D (Ymina) FIRTEFEER K (Ymaxs) HIZEPERL
RIT R, sk, A5 T RS It R 7R R sadE e (R 5D,

Ymax1 = 126.287 - 3.496 Xp + 4.141 x¢ + 0.657 Xca + 2.819 Xyg + 1.009 Xre (A)

[ 4.452 - 0.0743 xp + 0.103 Xk + 0.0474 Xca+ 0.258 Xpmg — 0.00323 Xge = 8.0

8.425 + 0.124 xp + 0.24 Xk + 0.04 Xca + 0.516 Xpg + 0.062 Xz, = 15.0

0.108 + 0.00121 xy — 0.00798 xk + 0.0136 Xmg — 0.000301 Xz, < 0.3

0.825 - 0.00118 xp + 0.00176 Xk — 0.000123 Xca+ 0.00516 Xmg + 0.000352 Xge = 0.9

215 < xy< 26.6

< 1.18 < xp < 1.86 (B)
55 < xk < 1.16
13.6 < Xca < 26.1
3.2 < xwg< 4.8

\ 150 < %z, < 75.0
100.0 < xpe < 180.0

e 5 AT LI, S A 215~ 2669 - kgt 4 1.18~1.86g - kg™t 441 5.5~ 11.6
g-kg' 445136 ~26.19- kg".44:4.89 - kg'.44¥ 15.0 ~ 75.0 mg - kg, 424k 100.0 ~ 180.0 mg - kg™
I, SRS TR A AT LA S 382.5 g LSl 8.59 kg - om? . IR B & i 19.11%.
AL e R S 0.157%. HER % 0.93,
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Table 5 Optimum values and range of leaf nutrient factors for good apple quality

s R AR ) A/ 44/ A el A/
Fruitquaiity (g-kg™ (g- kg™ (g kg™ (g-kg™» (g kg™ (mg - kg™® (mg - kg™®
Total N Total P Total K Total Ca Total Mg Total Zn Total Fe

UL R Mass per fruit 215 1.18 11.6 26.1 4.8 15.0 180.0
RSB Firmness 215 1.18 11.6 26.1 48 15.0 100.0

IE 6% Shape index of fruit 215 1.18 11.6 13.6 48 15.0 180.0

T PER JE4) Soluble solids 215 1.86 11.6 13.6 4.8 75.0 100.0

W] % & BR Titratable acidity 26.6 1.18 5.5 13.6 48 15.0 100.0
%A Bl Range of optimum value 21.5~266 1.18~1.86 55~116 13.6~26.1 48 15.0 ~ 75.0 100.0 ~ 180.0

25 FHAEREMHRFSSELEST

b T LR SRS FRAE L, JERR T B IR A S FEE S TR A e R 9R 43 S
T (K 6). Z5REMH, 2. &M, SEMedElKe, Hht e ek b B3,
ACTERAY T % PR FEFR LA LA 3 bl He 43 ) 5 93.5% 1 89.8%; 4> ZUFI A EE o AR & 1, 43
1 52.8%H1 89.82% LIl S 7 BAGPRASTF o HHULRT W, WA R IR A A e, A P
JE, SPAETRARE IR, B b AR AR R L S AR A T 0 B O RE

*6 REMARTRFSSEMUEBSTNERR

Table 6 Comparative leaf nutrient data in optimum range with measured values

geomr el g sl R s geomr el e b
Leaf nutrient fg_- kg™ Proportion of Leaf nutrient <.g.' kg™ Proportion of Leaf nutrient (mg kg Proportion of
factors le.lt of orchard factors le.l tof orchard factors le.l tof orchard
nutrient nutrient nutrient
R <215 25.0 A <48 56.5 A5 <15 238
Total N 215~26.6 528 Total Ca =48 0 Total Zn 15~75 89.8
>26.6 22.2 >4.8 435 >75 7.4
e <1.18 0 Ak <48 56.5 A8k <100 0
Total P 1.18~186 6.5 Total Mg =48 0 Total Fe 100 ~ 180 10.2
>1.86 93.5 >4.8 435 > 180 89.8
4 <55 0 A8k <100 0
Total K 55~11.6 407 Total Fe 100 ~ 180 10.2
>11.6 59.3 > 180 89.8
3 e

2012—2013 4EXF 35 L IR 12 A7 X X 108 AN A - SR G A B ok, 510 SERTIKY
EEAE (2003) Xf BRPEHR A 60 AN 3 R 772 0l e fE AR L, i o S Pl B0Rn A 7 AR — 3,
B BRRIER TR S 2000k B, TRE S IRIGFE AR, REFHB X FAERRAE DG, HEDIT Ak 1 R
H X T FERFE LT I, & SRR TR RIS A G s 5 R AREE (2013) S i 7 X (1) it
R IR e SRR L, 7 TUHRAR IS T e IS T X 5 Dris 48 (1999) X252 6 AN gL B
A TR R AR L, B B RIEE S s 20%0h |, RS E S22 AHY, S R 30%.
Szt BHAE (2004) il e IR Bk P i DX 3 SRS TR T AR HETE [, AU BB B b R R
OYFEAE R BEARAE TR AKT, . 2. 28, SEERASRS BN mE, SRS AN
SN

ARHIEF A T YR T 1) SR el SR Il 5 40 v I SR S AR v AR AR, A 97.22% I SR el s
B & s TR . S9KoRaE (2011a) HRIE AL R B 7 XA BT & L R Fe A L, [k SR S
Kok, B PRI ] e B i S A Y, nIHE R B R R AU T
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PER TP & AR iy T T AYE AR (2002) 5 (PR 5 X b . ROBFRECS BB (2009)
W2 B AR DX 21 AN X b b Y S B b RO R ST R, AR R A, nI i e R
HAA RN

AN BIBFCRE ], SR 7B IR o 2 B AL S S IR 2 i OC REG Z7 %, B IR e R AMEAE R
TR AR FORRIREE A DS (Casero etal., 2004). MAEITACIIAHTFEE (W67 f Al FAA A,
1987), WAL T, Wk H 2 oGk HeRE 2 MA@ TR, K0 SRR REART TR
B A SRR AN B . ASHIEFE R N SR A O A AT SR i R ARSI T AN AN R TE A R
PRI DG 2R, R A% 52 e SR S o Rl 1~ (R v 20 FR g R, W BR T e 7 R v o A v i i 3
LR ) CBEASTRATERME, 1987). BRARE (1993) AT T 1l 4348 5 3 O 7 X ikl [ 06 3 SR el £
TEFR S AR ST, N 22 T RN FN G PRI D v SR T R S L g SR i
Casero % (2004) N JHZ oA IS T ‘Golden Smoothee” 3E S Fr (™ 5 75 15 B S2 AR Y
KFo sKu5E (2011b, 2011c) il Akt 5 P39 B bl () 3 5% 0 & A S it o AT P A, W H
SUAIAH I BT AN Ze MR S5 0735, 0 ade 56 W) SR S5 5t DR 1 MR S B0 7R 1) 2 L3R 7, ok
ff A PR T S R ) R R R B R AR T &

AT 7 Bk o R 53 5 5 A A8 TR TR AR G AT, R BRI 43 BRL T R
()56 25 3 AN ) RO AR s ), B FH SURAH G A0 AT Ui 38 3R 5 SISO A AN [R] TE 2 Ak )
(PIOGER,  FF IR 52 e L S0 5T R 1 = 2t i s W DR, R TR SR I P L I 5 e K (1) 72
Rt SRR G R, M BIMC, MBS 2 RIEAHG, X S5HKNE 4F (2003) 713
B LRl R ES (2011) ERRBEAR ATt A VAR5 SRS it s S i 3 IE A G . A
WU B R R, RSl Sk AR R R e, B RS RS A AN B, X
B A% (2007) X B P HLIX w1 R AT AH—2. Casero 45 (2004) Lk ‘Golden Smoothee’
SO RESER N, e, B PR AR S RS BB B VIR OC . TRNEAE (2002) A
O R BRRIAR IR R RSP R R S R A O R A (2011) fERRBESE bk
PRI . BRFIEE G 2R S RSE AT PR o i R DG, B . Bl ER S STk
Yo W IEAOG . ARG SRS nl i VR TR s i T IR A s B N A B > B >
W > B > 45, HE5 TR IEMHE, Casero 25 (2004) L)L “Golden Smoothee’ 3¢5 A MHF 57
By, e, BES RS RS E IR B IEARDC, MEA. B R B, IRIEHESE (2012) fEMT
WP B, RS S e s ARG, i BRIk B W A OC . AP LA R B
TN RSO R R i R T R R, (R B e e AR B T AR SR S R .
TRIFAESE (2012) FEMHE IR FURW], SRS By e i 2 5 W OO, T B ORI B B 2 A
MG AWFFLP RGeS, B BRRIAS 2 EADC, SRR K. ZEA AN S AL S A
MERIR, MRS BUSFRICER S MR R, NEBIE Z B SAAE—E 2R, WTReSMR. &
B, AR RRIG A SORFEI RS R 3 22 A 00 (2P 4%, 2006).

AW T R R R T &, HERA T B AR N, 5 EMAE
(2013) JE T =X 2 827 /MR v 7200 FIMEAR LG, AL bt i A% Um K, 25
RIS Y, 285, 28, SEMAEIMmE, "TRES TIEAM. AR PRI e 4 A 5%
A, T AR 5 A [ A8 7 KT 1A T AH Y. ) L [V 360 5 1

4 4Eig

i R R TR R, E RS RIS, T R S A A K. iR AR B A R
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SR, . . 28, SENSSSELME, SRS RMNIE Y, KEOR

O AT R b RS S AR BN, I TR AR SRR, JCRAREAS St Ko N AR OG A BT 15, i
SN SRS ) R RO T, SR IR A I T IR S T s > B > BE > Bk >
5 5 5‘%5&@}273: B> B > > 85 > Bk RnTmtEEEY SR B > B > B > B > 4
Rzl e A B > W > B> B RBIRECH: B > B > B > B> B, kR
T%%ﬁr‘:ﬁﬁﬁ%ﬁ%ﬁ?%mﬂilﬁ: I f 4% 21.5~26.6 g - kgt 2WE1.18~1869 kg, 4
#i55~11.6g-kg'. 4245 13.6 ~26.19 kg'. 25489 kgt. 424¥ 150~ 75.0 mg - kg™ 4%k 100.0 ~
180.0 mg - kg™, 7E LiREGETEFEIN, SRR T LA R 382.5 g, HLSAf)E 8.59 kg - om?, F ML
eV R 19.11%, wEER SR 0.157%, RTB4%L 0.93. B s s X it IR B AR e s, Ak
AHEAE, SPATRACE IR, B LR 3 R RS A )

=]
A~
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