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contents on fruit mineral elements of ‘Fuji’ apple, and to provide respectively theoretical basis in
reasonable orchard soil fertilizer application for improving content of mineral elements in Circum-Bohai
and Loess Plateau apple production regions in China. The contents of soil nutrient and fruit mineral
elements were respectively analyzed at 66 commercial apple orchards with standard rootstock of 22
counties(each county 3 orchards) in Circum-Bohai and Loess Plateau apple production regions from 2011
to 2012. Partial least squares regressions (PLSR) was used to screen major soil nutrient factors affecting
fruit mineral elements, and to establish regression equation of relationship between fruit mineral elements
and major soil nutrition factors. Linear programming was used to obtain optimum proposals of soil nutrient
elements for higher fruit mineral elements. The results showed that alkaline hydrolytic N, available P, Ca,
Fe and Zn of soil in Circum-Bohai region were significantly higher than in Loess Plateau apple production
region, while pH and available K were significantly lower than those. The contents of ‘Fuji’ fruit N and P
in Circum-Bohai region were significantly higher than those of Loess Plateau region, while Ca, Fe and Zn
were significantly lower than those. Soil available Fe in Loess Plateau region, soil available B in
Circum-Bohai region were significantly correlated with fruit Fe and B respectively. The Ca content of
fruit in Circum-Bohai region were mainly affected by soil organic matter, total N, available Zn, B, Fe and
K, and soil available Zn had the biggest positive effect coefficient, while available B and total N had
greater negative effect coefficient on fruit Ca. While fruit Ca content in Loess Plateau were mainly affected
by soil available P, Zn, organic matter, available Fe and K, and soil available Zn and Fe had greater
positive effect coefficient on fruit Ca. Linear programming was used to obtain optimum proposals of soil
nutrients for higher fruit mineral elements in two apple producing regions. The key soil nutrient
management measures which improving fruit Ca content in Circum-Bohai apple region are the reduction
of soil total N and alkaline hydrolytic N, increased available K, Fe and Zn, stable higher soil organic
matter content (more than 17.7 g - kg'1 ), while in Loess Plateau apple production region are the increased
soil organic matter and available Zn, reduction of soil total N and Alkaline hydrolytic N, appropriate
available P and K.

Keywords: apple; soil nutrition; fruit mineral element; PLSR; optimum proposal
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Table 1 Differences of soil nutrients in two apple production regions

7=[X. Producing region

HHUF/ (g-kg') Organic matter

45/ (g-kg) Total N

BV (mg-kg") Alkaline hydrolytic N

X Sd Min Max X Sd Min Max X Sd Min Max
IR¥#EYS Circum-Bohai  14.15 3.28 8.06 2140 094 0.46 0.06 2.22 10635 4453 2440 217.00
% 1 )it Loess Plateau  14.06 3.75 6.69 25.70  0.76 0.30 0.25 1.43 68.09 2543  24.00 157.00

7=[X Producing region

180 (mg - kg'') Available P

A (mg kg Available K

Gl (mg - kg") Available Ca

X Sd Min Max X Sd Min Max X Sd Min Max
W) Circum-Bohai 1322 66,70 22.0  318.0  309.8 20020 560 9000 583" 147 094 6.44
# 4% )5 Loess Plateau  61.1 46.77 131 2380 3207  166.62 550  898.0 2.93 0.63 3.69 7.47
- . . B/ (mg-kg') Available Fe  HAUEF/ (mg-kg') Available Zn AR/ (mg-kg') Available B
77X Producing region - . Z ) ) )

X Sd Min Max X Sd Min Max X Sd Min Max
FAYEHS Circum-Bohai  46.54™ 2923 933 137.0 4347 341 032 1770 0417 0.25 0.09 1.13
#i 4% J8 Loess Plateau  9.34 3.05 3.62 2070 1.57 0.86 0.29 394 036 0.17  0.11 0.96

. . pH

7=[X. Producing region Y s Mo Max
FREDIE Circum-Bohai — 6.36 1.04 408  8.18
# 1 %J8 Loess Plateau  8.19" 020 760 874

TE: SRR R R I 225 B (P < 0.05) AR (P <001, X: P Sd: bdlZ; Min: B/MH; Max: &K
2, TR,
Note: The * and ** meant significant difference regional average at 0.05 and 0.01 levels, respectively (¢method) . X: Mean; Sd: Standard

deviation; Min: Minimum; Max: Maximum. The same below.

F2 BRERFR ‘B4’ REFRFINER

Table 2 Differences of ‘Fuji’ fruit mineral elements in two apple producing regions

o . ) N/% P/% K/%
771X Producing region = - - - ~ _

X Sd Min Max X Sd Min Max X Sd Min Max
¥ Circum-Bohai  0.31° 0.054  0.21 0.41 0.078°  0.014 0.051 0.13 0.73 0.091 054  1.00
# 1 7%J5 Loess Plateau  0.21 0.094  0.13 0.37 0.069 0.011  0.050 0.1 0.68 0.093 048  0.97
, Ca/ (mg-kg") Fe/ (mg-kg") Zn/ (mg-kg")

7 IX Producing regions LA ; AL AL - W mg e -

X Sd Min Max X Sd Min Max X Sd Min Max
AV Circum-Bohai 59635 189.13  302.00 1040.00 8570  37.16  40.60 175.00 3.48 1.66 174  13.40
T+ 5 Loess Plateau  789.98°  122.34  427.00 1190.00 118.89° 2999  29.80 184.00 4.66° 134 285 1270
- B/ (mg-kg")

7 IX Producing regions _-mexe -

X Sd Min Max
IR )i Circum-Bohai  16.07 6.32 4.89 32.40
3+ 7 )5 Loess Plateau  17.77 7.05 4.02 41.30
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Table 3 The correlation coefficient between soil nutrients and fruit mineral elements in two apple producing regions

1R FEX HLSLH JiiFE4) Fruit mineral element
Soil nutrient Producing region N P K Ca Fe 7n B
HHUR PRI Circum-Bohai 0.1622 0.0393 0.1368 -0.2354" -02656"  -0.0371 0.1930
Organic matter # + " )7 Loess Plateau 0.0155 0.0163 0.1026 0.1063 0.0211 - 0.0465 0.0341
4% Total N A Circum-Bohai 0.0544 -0.0476 0.0368 -0.2011 -0.1646 0.0892  0.0214
# 1 # 5 Loess Plateau 0.0641 -0.1014 0.0393 0.1139 0.0098 -0.1089  0.0909
TRARE IR Circum-Bohai 0.0914 0.0120 0.0701 -0.0401 -0.0608 0.0030  0.1681
Alkaline hydrolytic N # 4% il Loess Plateau - 0.0066 - 0.0694 -0.0974 0.1156 0.0021 -0.0606  0.1341
e RIS Circum-Bohai 0.1041 0.1256 0.2026 0.0007 0.0419 0.1445  0.2484"
Available P # + = 5 Loess Plateau 0.2003 -0.0347 0.0024 0.3243" 0.1331 -0.0352  0.0893
Epcl IR Circum-Bohai - 0.1927 -0.0871 0.0804 0.0528 0.0774 0.0850  0.2284
Available K # 1 = 5 Loess Plateau 0.0345 -0.0277 0.0597 0.0661 0.2602" -0.0522  0.1379
ESpisa RIS Circum-Bohai - 0.1837 -0.2935" -036147  -0.0868 -0.1303 -0.1918 -0.0195
Available Ca # 75 Loess Plateau - 0.0385 -0.1526 - 0.0464 0.0253 -0.0935 -0.0653 -0.0160
Ak IR Circum-Bohai 0.1574 0.2389" 0.3553 -0.1418 -0.1541 0.2337  0.0891
Available Fe # + = 5 Loess Plateau - 0.1392 0.0329 0.1478 0.2380" 0.2730" 0.0110  0.0353
e IR Circum-Bohai 0.1029 -0.0186 0.0495 0.1457 0.2565" 0.0983  0.1527
Available Zn # + = 5 Loess Plateau 0.0654 0.0757 0.0869 0.3063" 0.0799 -0.0515  0.1270
A IR Circum-Bohai - 0.0076 0.0593 0.2233 -0.1630 -0.1157 -0.0372 04281
Available B # 75 Loess Plateau - 0.1355 -0.1107 0.0470 0.1891 03029 -0.0856  0.0828
pH AR Circum-Bohai - 0.1805 -0.0678 -0.1911 0.0889 0.1076 -0.2337  0.1070
# + = 5 Loess Plateau - 0.1807 0.1752 0.0959 - 0.0610 0.0255 0.1693 -0.2016
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Table 4 Variable Importance for Projection (VIP) of soil nutrient factors affecting the fruit mineral elements

in two apple producing regions

By X WS iFE4) Fruit mineral element
Soil nutrient Producing region N P K Ca Fe 7n B
AR IR Circum-Bohai 1.2886 1.0492 0.6876 1.9563 2.0396 0.5809 0.8593
Organic matter % 1 )il Loess Plateau 0.2745 0.9919 1.3203 1.3193 1.2420 1.1559 1.4130
AR PR Circum-Bohai 0.5577 0.3454 0.6928 1.6847 1.2988 0.6233 1.4437
Total N i | = 5 Loess Plateau 0.7229 1.1461 0.8447 0.8508 1.0476 1.1456 0.8182
AR 2 IR Circum-Bohai 0.6417 0.1107 0.8328 0.8827 0.7523 1.2632 0.8097
Alkaline hydrolytic N 3% 1 il Loess Plateau 0.9286 1.1650 1.4830 0.7573 0.7342 0.9958 1.0561
ok w IS Circum-Bohai 0.7900 0.8583 1.1533 0.8791 0.5953 1.0431 1.0960
Available P %55 Loess Plateau 1.9787 0.9711 0.4960 1.6517 0.9252 1.2279 1.1002
R PRI Circum-Bohai 2.0452 0.9608 0.7372 1.0794 0.7918 0.5938 1.0915
Available K i | 5 Loess Plateau 0.5976 0.7483 0.8077 1.0316 1.4874 0.8806 1.0850
R IR Circum-Bohai 1.3163 1.8530 1.9559 0.7229 1.0104 1.3090 0.9087
Available Ca # |- % 5 Loess Plateau 0.5119 1.7303 0.6679 0.2437 0.6969 0.6975 0.7367
ARk IR Circum-Bohai 1.5034 1.5607 1.6794 1.1781 1.2082 1.6339 0.4027
Available Fe %55 Loess Plateau 1.5226 0.8606 1.8332 1.0932 1.5474 1.5010 1.1943
HREE PRI Circum-Bohai 0.7815 0.3559 0.4780 1.6680 2.0737 0.9227 0.9314
Available Zn i | 5 Loess Plateau 0.6447 1.3571 1.1232 1.5203 0.8392 0.8635 0.9969
A IR Circum-Bohai 0.3828 0.7087 1.0839 1.3944 0.9597 1.1152 2.0096
Available B # |- % 5 Loess Plateau 1.3933 1.2680 0.8161 0.8748 1.7333 0.9242 0.6669
pH R Circum-Bohai 1.4441 2.5744 1.1457 0.7328 0.8454 1.5936 0.6108
3% - 75 )5l Loess Plateau 1.8574 2.0048 1.2585 0.5757 0.4445 1.9765 1.8580
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VIP A R W] L3 TR 70 06 RS o s & BN R, IFANRE S, H 52 i 1) IE 5O
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WO R IR 7o AR R, SRS O E N MRAR R, W i dee /s Rl ik o T
ANTAL 7 X AR I3 D RS OSSR [ R . 3R S i, RIEIR 0 RS O 35
Wi [ 05 RER) P AR /NT 0.05, 225k BBk, SIS Bl REASE v e AAIRIE T RE
BT LA H AN ] 357 50 DR SRS s 2% 1A LE SN R RS o LUK SR S i R A
BT RO RS « BOCE ], P DR A R RS R A K I IR AN R EL
WEIAE PR DR S0 1 A 28 5 R e i RS A 5 iy (RPN 7 D, 0 RS 5
BB AR UK e A R A 5 s A RO e RS 5 A ORI IO, R AL
M5 LIRS EA RN REG PRI RS B DU s RS . S &, et ml
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BEAR 8 pH (i A5 A 408 i RS 5 1 3R o R A
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Table 5 Regression equation of major soil nutrient factors affecting fruit mineral elements in two producing regions

REWFIRD X bt
Fruit mineral ~ Producing IEIUQE}.I . F P
clement region Regression equation
N CB ¥1=10.2799 + 0.00496.X1 - 0.00007.X5 - 0.0040.X6 + 0.00017X7 - 0.0025X10 2.56 0.0476
LP Z1=0.5063 +0.0006X4 - 0.0063X7 - 0.0902X9 - 0.0298X10 2.92 0.0406
P CB Y2 =0.0427 + 0.001.X1 - 0.004X6 + 0.0001.X7 + 0.0044X10 3.64 0.0010
Lp Z2=0.00446 - 0.0057X2 + 0.00004X3 - 0.0036X6 + 0.0033X8 - 0.0132X9 + 0.0106X10 2.12 0.0499
K CB Y3 =0.5424 - 0.00009X4 - 0.0315X6 + 0.0010X7 + 0.1091X9 + 0.0319X10 4.73 0.0011
Lp 73 =10.47346 + 0.00135X1 - 0.00049.X3 + 0.0043X7 + 0.0024X8 + 0.0218X10 2.61 0.0440
Ca CB Y4 =833.696 - 12.315X1 - 149.959X2 + 0.21644X5 - 0.3867X7 + 24.426X8 - 192.475X9 3.30 0.0073
Lp 74 =730.4615 - 4.2333X1 + 0.8037X4 - 0.0903.X5 + 4.4206X7 + 35.0398X8 2.81 0.0234
Fe CB Y5 =162.46621 - 4.3037X1 - 18.705X2 - 4.4314X6 - 0.2394X7 + 6.6448X8 - 4.9089.X9 5.33 0.0002
Lp Z5=1736.66 - 6.374X1 + 0.7177X4 - 0.0716X5 + 6.2301.X7 + 39.1308X8 2.81 0.0230
Zn CB Y6 =3.4729 - 0.0017X3 + 0.0027X4 - 0.1269X6 + 0.0083.X7 - 0.517X9 2.33 0.0380
Lp Z6=-5.4772 +0.0001X1 - 0.437X2 + 0.0008X4 + 0.0289.X7 + 1.2402X10 2.29 0.0340
B CB Y7 =13.0246 - 2.2674X2 + 0.0089.X4 + 0.0016X5 -0.0079X8 + 9.5366X9 3.02 0.0170
LP Z7 =64.0669 - 0.0793X1 + 0.0148X3 - 0.0051.X4 + 0.0049X5 - 0.0042X7 - 5.7850X10 2.84 0.0166

e CB: MREMEE: LP: 3§ bmlie X1: UG X2: 256 X3: BUda: X4: R XS 17308: X6: HRU4: X7: 173k
X8: HREE; X9: AHXM; X10: pH.

Note: CB: Loess Plateau; LP: Circum-Bohai. X1: Organic matter; X2: Total N; X3: Alkaline hydrolytic N; X4: Available P; X5: Available
K; X6: Available Ca; X7: Available Fe; X8: Available Zn; X9: Available B; X10: pH.

25 RENREFFEOLAFHUTER
K TR DU RS R OGRS BRI TR R SR, AREER S IR TR, 4
BT PR X TR RS RO R S B M IR R R, R AR RS e R
TERCR, BRI RS TR S ER R S A, RIS 3R R — e A R .
RS R ICE S R LIRS ) P P= X 2% 66 A5 [l S SE o 25w 1T ME ; % e 3 1R
A3 DRF ] DL ok 3 0 RIS AT s, EEEAE VIR, R BRE . AR, AR,
BR AR BROMNEEUUPZIX 66 AN Ml P E A ME, NEN ERE, 13 pH (Y
WAEFIN 6.5 ~ 8.0 23 I T SRMR I = DX LS UE TR K2R E LRI 7 2 (1) A1 (2D,
(1) FREhif s r= X L IEFE 0 5 Rslw e e ME R 5 f2 4, DURSERR G = (YD) RN
Bl :
MaxY1 = 0.2799 + 0.00496X1 - 0.00007.X5 - 0.0040X6 + 0.00017X7 - 0.0025X10
[ Y2 =0.0427 + 0.001X1 - 0.004X6 + 0.0001.X7 + 0.0044X10 = 0.078;
Y3 = 0.5424 - 0.00009X4 - 0.0315X6 + 0.0010X7 + 0.1091.X9 + 0.0319X10 = 0.73;
Y4 = 833.696 - 12.315X1 - 149.959X2 + 0.21644X5 - 0.3867X7 + 24.426X8 - 192.475X9 = 596.35;
Y5 = 162.46621 - 4.3037X1 - 18.705X2 - 4.4314X6 - 0.2394X7 + 6.6448X8 - 4.9089X9 = 85.70;
Y6 =3.4729 - 0.0017X3 + 0.0027.X4 - 0.1269X6 + 0.0083X7 - 0.517X9 = 3.48;
Y7 = 13.0246 - 2.2674X2 + 0.0089.X4 + 0.0016X5 - 0.0079X8 + 9.5366X9 = 16.07;
14.15 < X1 < 21.40;
< 0.94 < X2 < 2.22;
106.35 < X3 < 217.00;
132.20 < X4 < 318.00;
309.80 < X5 < 900.00;
583 < X6 < 6.44;
46.54 < X7 < 137.00;
434 < X8 < 17.70;
\ 041 < X9 < 1.13;
6.5< X10 < 8.0




Zhang Qiang, LIMinji, Zhou Beibei, Li Xingliang, Zhang Junke, Wei Qinping. Multivariate analysis of relationship between soil nutrient
and fruit mineral elements of ‘Fuji’ apple orchards in Circum-Bohai and loess plateau producing regions of China.
1446 Acta Horticulturae Sinica, 2017, 44 (8): 1439 - 1449.

(2) By s X IR 5 R SE BOR M e MR R 4L, URSER RS/ (Z1) &Kl
7F
MaxZ1 = 0.5063 + 0.0006X4 - 0.0063X7 - 0.0902X9 - 0.0298X10
[ Z2 =0.00446 - 0.0057X2 + 0.00004.X3 - 0.0036X6 + 0.0033X8 - 0.0132X9 + 0.0106X10 = 0.069;
Z3=0.47346 + 0.00135X1 - 0.00049.X3 + 0.0043X7 + 0.0024X8 + 0.0218X10 = 0.68;
Z4 =1730.4615 - 4.2333X1 + 0.8037X4 - 0.0903X5 + 4.4206X7 + 35.0398X8 = 789.98;
Z5="1736.66 - 6.374X1 + 0.7177X4 - 0.0716X5 + 6.2301.X7 + 39.1308X8 = 118.89;
Z6=-15.4772 +0.0001.X1 - 0.437X2 + 0.0008X4 + 0.0289.X7 + 1.2402X10 = 4.66;
Z7 = 64.0669 - 0.0793X1 + 0.0148X3 - 0.0051.X4 + 0.0049X5 - 0.0042X7 - 5.7850X10 = 17.77;
14.06 < X1 < 25.70;
< 076 < X2 < 1.43;
68.09 < X3 < 157.00;
61.10 < X4 < 238.00;
320.70 < X5 < 898.00;
293 < X6 < 747;
9.34 < X7 < 20.70;
1.57 < X8 < 3.94;
\ 0.36 < X9 < 0.96;
6.5< XI10< 8.0

N H LINGO 10.0 Z3 AT 8T8, 0 ek i RS R 7= X RS2l e 2 & &R i e KA, /73 T
PR s - i RS R P XSRS FUC R S B E M BIEE A (R 6).

K6 MAFXREIN REFARSANLIRFSALE
Table 6 Optimal value of soil nutrient for the largest fruit mineral elements factor in two producing regions
FUbr e B AL A

Optimal value of

RI FiFRy 77X TSR

Fruit mineral ~ Producing  Soil nutrient Lo .
objective function

element region
OM TN A-N P K Ca Fe Zn B pH CB LP

4% Total N CB 214 1.0 99.9 133.4 309.7 29 137.0 12.0 0.4 6.5 0.359 0.292
LP 257 0.8 65.6 238.0 480.0 5.8 13.8 3.9 0.4 8.0

AT Total P CB 214 1.0 99.9 133.4 309.7 29 137.0 12.0 0.4 8.0 0.101 0.079
LP 257 0.8 157.0 147.0 320.0 5.8 19.8 3.9 0.4 8.0

44 Total K~ CB 142 1.0 99.9 133.4 309.7 29 137.0 11.8 1.1 8.0 0.955 0.748
LP 257 0.8 65.6 156.8 401.4 5.8 20.7 3.9 0.4 8.0

424 Total Ca  CB 177 1.0 99.9 133.4 900.0 29 137.0 17.7 0.4 6.5 976.5 1061.3
LP 257 0.8 65.6 156.8 401.4 5.8 20.7 3.9 0.4 8.0

424 Total Fe  CB 142 1.0 99.9 139.9 309.7 29 46.5 17.7 0.4 7.0 175.4 176.3
LP 141 0.8 65.6 238.0 320.0 5.8 20.7 3.9 0.4 7.8

4%f Total Zn  CB 142 1.0 99.9 318.0 309.7 29 137.0 7.4 0.4 6.5 4.74 4.89
LP 257 0.8 65.6 238.0 485.9 5.8 20.7 3.9 0.4 8.0

4fll Total B CB 20.8 1.0 99.9 318.0 900.0 29 46.5 8.9 1.1 6.5 25.85 22.72
LP 141 0.8 128.6 151.6 900.0 5.8 20.7 3.9 0.4 7.9

7 CB: MM LP: #tmifi. OM: AHUR (g-kg'); T-N: &% (g-kg') A-N: Bffi#% (mg-kg'): P. K. Ca. Fe. Zn Al
Bl A AR (mg- kg

Note: CB: Loess Plateau; LP: Circum-Bohai. OM: Organic matter (g-kg'); T-N: Total N (g-kg'); A-N: Alkaline hydrolytic N
(mg-kg"); P, K, Ca, Fe, Znand B were alkaline content (mg - kg™) .

PR SR X R SE BT R & ORI B35 Bl A B R RO & = T
AR, AN RS T RAEAN A DO IR AT SR A5 PRifes 7 DI SR Se & 5 2R
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[ IhE e Ry S NI 7N S 1GNNS b £ /WD T oY1) Vg RS TR b S R IWDENE S s 2 i
LA ROV o P 7 DX 0 R S e ) T SRR B N PR LS A Bl
FER, R, B BE R, SRR AR R (177 ¢ kg BLED): bR
PERIU A B e A MR O R, BRR A A Bl S R, ORI A L S AT

A~ EL
[EREER

3 e

31 TEFADERIW RARXRNRIT S0

Rl TR AT M VE R LR B R pH (B AITCER () B P/ I A5 2 R 3= AZ g, +
BFRAHRET FOLR G RORRETZ ALESZ HInRR, 150 RV BUTR G HZ
AR A S MEAT M, B2 A ICEE, 5 H s A B 70 A7 sl S7 1901 7 FEANUAT A 2 BAL
iR, RTSEHRIEE VLIL A8, 20160, s/ —FlH 2 — RO B £ et ik, €
FTLATE A Z ARG ST T, A ORI H 0 R SR Itk dec il i) -2 1), REAT [l e, AR
RRORS B R SR BRI o (S0 &%, 200000 AHFFE, 1 40 PR SER =X 138570y
FURSER FOCER S B TRALE . ARG 5 20 R LEBIAE2 T, W T W SR X R 7 A
RSN OCER & BB B AE R I s AR X 3R 20 15 RS s 32 8] 1 D P ARG M A5
THETR 5 R FOCE B R R SRR A%, AU A7 AR M AN RER W] 1397 70 55 RS i
TCHMMRIRRR, T BN AR INAERA TR ST, Casero 5% (2009) S 5/ —3fe[m]
JAJEEST “ Golden Smoothee” 3SR Fy AR SEH™ TS IR 03 5 RS A BRFPE K SR IV, 3R T3
M SR SEEAN (] ity ST R 1 (R I e BRSO 3R Rajib 45 (20130 8PS T MO ARl g et S SRt M 3 A
AHULIS L3 R IR0 & 5 RIHR AN R R 2R, W i dee /s~ Sfelml 1 7 i RO S Y
ROV AT 5 W0 SR SR ) 2 2 Ry IR (AR RN 1 AT SRR Y i 5 /s —3fe Bl U
AREPGE BN ION VIP 5 CKF 1.0) fiidk th AR RO H bR MO8 w0 2R, BRR T A48
EHCR, BRI RE R E WA SR VESR AR T H AR e B B AR R K E ROGR s W
/D IR S MR Z S I ge it i, A2 AR 2 HASIE BRI T 5k,

32 RIURARESTESFAHRRMRUAR

SERBAA L RIS ST TS 900 3% E A TR 20 A IR R T R I K
FAYBCRE S, RSSO PUE FRe R o i, AV JESE ORI e R AR B B ¢ (Fallahi et al.,
20105 Grzegorz, 2013; #RE %%, 2014), 1 HS5 NRREFEAZVILCR (Gupta & Gupta, 2014),
AT R, TR SRS RS UG R SR AR DGR 5, AR A A RN 2 S
B B R X AT AR . IR X AT O e R SE R Rk B R B R
FHOCHE, o+ 3857 05 N1 5 RS0l BUC 2 I B G IR 22 o 1X 5 2 ot bt B P50 S -+ 3%
IR0y~ pH SRS FUEFRMZ 00T (K50 55, 2011b) [IBFEE RILA 8 HREhifgs =X +
AR S =S R i A S AT OO, 1X 5 Neilsen Al Neilsen (2009) [ 384 200 &
5 RS S VI DI S5 R AR ] o BRI - X I I A A B AL S . Bk B A
K, X5 Fallahi 55 (1997, 2010) (1) L& 5 R85 & 2R AR5 R R . A#E5,
I FH i s /S R [m A g A7 [l A R S R I RIAR &5 A, 20 ARG T BRI = X R S e R
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R K 0.359% B 0.101%- 41 0.955%. 45 976.5 mg - kg #k 1754 mg - kg #F 4.74
mg - kg''\ W 25.85 mg - kg5 B4R RS TGRS BIAGELNE 0.292%. B 0.079%.
B10.748%. 510613 mg-kg'. £k 176.3 mg - kg #¥ 4.89 mg - kg ] 22.72 mg - kg"'. Bennewitz
(2011 BFITIAh, FTRANE R RSN BUCRE MBS E (TE) A 0.19%. % 0.033%.
B 0.62%F145 0.03%; Malakouti Fl Tarbiat (2006) BFFTIAN, SRR SAE 7 o BERE R T & i
P& (mg) E% 40, B 12, 81 150, 45 7.0, £k 0.20. #¥ 0.10. Al 0.5, N/Ca /T 10, K/Ca />
J°20. Ca/Mg 1.4; Ramdane %5 (1998) 50NN, SERAKN (6—8 J) FSh i s b rp i i
TCETE (mg) NAE 47, 10, #1125, 45 5. APUgs R IR S N/Ca Fl K/Ca HUAEY) /N THRIE S5
Ho BT AU IA 3 R I TR MRS FUc £ M & voRb T H R T A R, T
PE R RS BT R M IE T b, 3O T AR 2 AN A el TR 73 /K- AT AH IV ¥ FH )50 0E 5 4, e 2%
IEBE RN TR, XU T AR IS A TR 5T
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