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Sala Quality Improvement with Calcium and Boron Fertilizers

Abstract

A examine of effect of calcium and boron application on sala quality improvement, and
comparing influence soil and foliar application of calcium and boron to alleviate the disorder of sala
fruit, the study was conducted on the production year of 2009 which the pre-tested sala fruits were
collected for comparing quality with the end-experiment fruits. Before experiment, soils (0-20 cm)
and leaf of each tree were sampled following the standard methods. Laboratory analyses were done,
Then, 30 trees which soil and plant analyses data were more or less similar were selected. Dolimitic
limestone was applied to each tree in ratio of 3 to 5 kilograms depending on Soil pH, Ca and Mg
contents.

The experiment started on the production year of 2010. The experimental design was RCBD
which consisted of 5 treatment 6 replications. There were 1) control, 2) soil gypsum, 3) soil gypsum
and foliar calcium chloride, 4) soil gypsum and foliar calcium chloride and boron and 5) foliar
calcium chlorice and boron. Gypsum application was 3 kilograms each. For foliar treatments, six
times were done every two weeks since fruit setting. In case of calcium, 2% of CaCI22HD was used
whilst the 0.25% of solubor was sprayed three times together with the first to the third application of
calcium. On harvesting time, sampling of sala fmits was done for quality checking (the normal fruit
and the disorder fruit). Then nutrient contents in flesh and peel of them were determined.

The results revealed that soils had medium texture with strongly acid (pH 4.53-5.39) and non
suffered from sality, considering from the electrical conductivity (EC 203-385pS c¢m’). Organic
matter contents were medium (OM 2.30-2.74%). Their CEC was low (9.62-10.9 cmol (+) kg').
Available phosphorus and iron was very high (1196-1500 mg kg') and high (75.3-110 mg kg').
Calcium was medium to high (567-970 mg kg') while magnesium and manganese was low to
medium (36.4-57  2.49-5.85 mg kg ', respectively). Potassium, coper, zinc and boron was medium
(93.9-140, 2.61-394, 161-3.78  0.28-0.54 mg kg', respectively). Among treatments pH, EC, K,
Ca, Fe, Mil, Cu, Zn and B were significantly differed.

Pre-tested leaf analyses data showed that N, Mn and B markedly differed. In most, nutrients in
sala were under the sufficient levels, especially the primary and secondary elements as N, p, K, Ca
and Mg.
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Before experiment, the average of sala fruit was only 36.4% (19.3-43.3%) of the total
products, by contrast the number of the disorder sala one was 63.6% (50.7-80.7%). At the end of
experiment, the normal fruit increased to be 88.9% whilst the disorder one was only 11.1%. They
significantly differed among treatments. The control treatment (No. 1) the lowest normal fruit (69.9%)
- the highest disorder fruit (30.1%), whilst the treatment 2 the highest normal fruit (94.3%) - the
lowest disorder fruit (5.72%). It could be said that application of calcium and/or boron foliar was one
kind of methods to limit to number of disorder sala fruit.

Before experiment, nutrients which prominently higher in flesh of disorder fruit than the
normal one were Ca, Mg, Zn and B while N had tendency to be higher. In the other hand, p, K, Fe and
Cu in flesh of the normal fruit were slightly higher than those presented in the flesh of the disorder
one. For normal fruit, the Mg contents differed significantly. Zinc (Zn) was the only one that differed
in both types of fruits. The elements that differed in disorder fruit were Ca, Fe and B. The rations of
nutrient revealed that the normal flesh had lower in N/K and Ca/Mg while NICa, KiCa, K/Mg,
K+Mg/Ca, K/Ca+Mg and Ca/B were higher than those found in the disorder flesh.

After experiment, the significantly differ of nutrients in both types of fruit were N and B.
Calcium, Mg and Zn were significance only in normal fruit. The normal fruit contained higher in N,
p, K, Fe and Cu than those present in the flesh of the disorder fruit whilst Ca, Mg, Mn, Zn and B were
lower. The rations of nutrient showed that the N/K in both types of fruit were more or less the same.
Whilst N/Ca, KICa, KIMg, K+Mg/Ca and K+Mg/Ca of the normal fruit were higher than those
noticed from the disorder one. In contrast, the Ca/Mg and Ca/B of the normal fruit were far lower.

Comparing between nutrient contents of sala fruits (normal and disorder fruits) before and
after experiments, the content of N in fruit after experiment was the only one that higher than the one
observed before experiment. The other nutrients were lower than those presented before experiment,
specially Ca, Mg, Fe, and Mn. The rations of nutrient in flesh after experiment that higher than before
experiment were N/K, KICa, KIMg ~ KI/CatMg. While the Ca/Mg, K+Mg/Ca  Ca/B rations
were lower than.

Before experiment, Zn in peel of normal and disorder fruits were similar. Whilst p and Cu of
the normal fruit were higher and K, Ca, Mg, Fe, Mn and B were lower than those found in disorder
fruit. After experiment, p, K, Mg, Fe, Cu and B in peel of normal fruit were higher than those
presented in the disorder fruit whilst the average of Zn was similar, and the Ca and Mn contents were
lower than.



After experiment, the nutrients that higher in peel of both types of fruit than before
experiment were p, K, Ca, Mg and B but contained lower Fe, Cu and Zn than before experiment.

The nutrient ratios in peel before experiment, K/Ca, K/Mg, K+Mg/Ca, K/Ca+Mg and Ca/B
of nonnal fruit were higher than the ones in disorder fruit. Only Ca/Mg ratio, was lower than the one
presented in peel of disorder fruit. After experiment, peel of normal fruit had higher rations of almost
nutrients than those found in the peel of disorder fruit. The exceptions were K/Mg and Ca/B. After
experiment, the rations of nutrients in peel that higher than before experiment were K/Ca, K+Mg/Ca,
K/Ca+Mg and Ca/B.

After experiments, even B uptake was the one of the nutrient uptake of flesh (normal,
disorder and hoth types of fruit) that differed significantly, however they had he same trend that in
flesh of normal fruit that received calcium and/or boron, the uptakes of such nutrients were somehow
higher than those found in control. Uptakes of all nutrients in flesh of nonnal fruit were lower than in
disorder fruit.

For peel, the nonnal fruit had significantly differed among treatment only Fe and B uptake,
whilst the disorder one, the Ca, Mn and B uptakes were markedly differed. Peel of normal fruit had
lower dried weight than the disorder fruit. The uptake of p, K, Ca, Mn Cu, Zn and B were also lower
but the Mg and Fe uptakes were higher.
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and Cox, 1985) ( ,2549) 2

(Foth and Ellis, 1997)

35 Ca?'
(Foth and Ellis, 1997; Havlin et al, 2005)
Cat Ca2 0.7-1.5
Caz+ 0.1-0.3 Caz+
1 25
(anorthite, CaAlSi2 )
(calcite, CaCO,) [dolomite, CaMg(CO,),] (gypsum, CaS042H2)
(Havlin et al., 2005) '
‘ Cat ,
(Foth and Ellis, 1997)
30-300 mg ko'
Ca2t 5-50 mg kg' CaZ' 15 mg kg'

(Havlin et ., 2005)

(pH) 55
(Foth and Ellis, 1997; Jones, 1998; Havlinetal, 2005)
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Mn/Fe 42 Fe/Mn 0.05

(Brady and Weil, 2002)

antagonistic - reaction
(Foy ., 1978)
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SPSS
ANOVA (Analysis of variance)

2 mm (Soil Survey
Laboratory Staff, 1992)

1)
- (pipette method) (Gee and
Bauder, 1986)
(USDA) (Soil Survey Laboratory Staff, 1992)
2)
: (PH)
IN 11 pH meter (Thomas,
1996)
(Electrical Conductivity; EC)
11 EC EC meter (Rhoades, 1982h)
- alkley-Black Titration (Walkley and
Black, 1934: International Institute of Tropical Agriculture, 1979)
1724
(Available phosphorus)
Bray I spectrophotometer
882 nm (Kuo, 199)
- (Exchangeable  Bases)

Blakemore et al. (1987) IN
NH40Ac pH 7.0 Inductively Coupled
Plasma Optical Emission Spectrophotometer (ICP-OES) Ethyl alcohol
NH& 10% NaCl acidified

(Cation Exchange Capacity, CEC pH 7.0)



12

(CEC) Chapman (1985)
DTPApH 7.3 ( , 2549)
(Fe Mn Cu Cu) Inductively Coupled Plasma Optical
Emission Spectrophotometer (ICP-OES)

curcumin spectrophotometer 550 nm (Keren, 1996)
10( 1)
10 3
6 1
I} 10
60-72
2
3 40 mesh (0.42 mm)
1 h,sod
380 microKjeldahl
H&04 ( , 2549)
2. p, K Ca Mg, Fe, Mn,Cu, Zn B: Dry ashing 550
5 LN HCL

Inductively Coupled Plasma Optical Emission Spectrophotometer (ICP-
OES) (Allan, 1971)
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4 ECL933 ol 5 EC147-2%6 cml
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1 2
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" (Available Phosphorus)
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Tr N p K Ca My Fe Mn Cu on B
(%) (mgkg )
1 157 013 067 033 o0l 882 2920 217 1220 1l7a
2 157a 012 060 032 013 65.1 260 222 122 138
3 18h 014 055 036 015 589 25 216 164 163
4 16%h 012 0% 037 013 20 434 241 145 1261
5 1622 012 057 035 0.4 735 3ebe 215 129 1
Mean 166 013 059 034 0.13 05.54 32 222 136 135
p<0.05 * X *
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95% DMRT
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Tr2=CaS04

Tr3=CaS04 + CaCl2
Tr4 = CaSOj % (CaCl, + B)
Tr5= (CaCl, + B)

4 Mn/Fe  Fe/Mn

Tr Mn/Fe Fe/Mn
1 5.48 0.55
2 4.45 0.26
3 4.24 0.28
4 102 01
5 163 0.17
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1
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B CaMg Zn -
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5 3
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P 0.13-0.14% (  0.13%) P
P
(K) 176-185% (  1.82%)
12
K 174-199% ( 179%) 13
5 K
K
(Fe) 150-194 mg ko' (169 mg kg')
Fe 136-183 mg kg' (153 mgkg') Fe
Fe
(Mn) 5.91-697 mg ky" (644 mg
kg™) Mn 6.96-13.0 mg kg" (82 mgkg'2) Mn
Mn
(Cu) 2.10-2.43 mg kg' ( 2.28 mg
kg') Cu 153-252 mgkg' (222 mg kg
Cu Cu
N
' N
N
n, K F  Cu
Ca, Mg, Mn,Zn B
( )



Mn

Tr

FoNNIC I C RN

Mean
p<0.05
Tr

S IC I CRN

Mean
p<0.05

Tr5=

%N
053 0550
0522 051ab
0580  0.48
053  047a
04%  0.50ab
0.53 0.52
mg kg LFe
150 136
161 166
168 178
194 151
166 183
16.9 153
Tr 1= Control
Tr2 = CaS04
Tr3=CaS04
Tr4=CaS04

(CaCl, + B)

Yip
014 014
014 014
014 013
015 013
013 013
0.14 0.13

mg kg Mn

Bty \t/ 803
642 7.9
6.65 840
697 6.9
591 130
6.44 8.22

CaCl2
(CaCl, + B)

%K
176 174
179 186
18 174
185 181
183 199
182 179
mg kg 1Cu
243 231
240, \| 285
2.21 192
AREEERP).5)
2.24 152
2.28 2.22

mg kg' Ca
7862 937
9%.2ab 125
10% 149
113 103
84la 124
97.6 1

mg kg'1Zn
10.7a 126
21 133
24 121
1042 109
101a 122
112 124

95%

21

Ca, Mg, Fe

%Mg

0.047a  0.052
0.050ab  0.052
0.0482  0.051
0.054b  0.054
0.052ah  0.057
0.051 0.053

*

mg kg 1B

1682 19
182 221a
1822  2.02a
3260 4.19%
259 351h
2.2 2.50

* *

DMRT



28

5.
(9
B (p<0.05)
Fe, Mn  Zn
Mg
(B) 443563 mgkg' (521 mgkg')
5 4
B 463-6.64 mgkg' (554 mgkg')
5 4
B
(Fe) 225704 mgkg' (421 mgkg')
15
Fe (P<0.05)
174-804 mg kg" (417 mg kg
Fvrdh
We X
1
(Mn) 753115 mg kg™ (106 mg
kg') 3 4
Mn (p<0.05) 94-171 mg
kg' (120 mg kg') 3 4
Mn
(Zn) (17.2-
199 mg kg') 189 mg ko' n
(P<0.05)1 164-21.2 mg kg'l( 189 mg kg')
5 2 3

n
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(M) (p<0.05)

0.102-0.138%(  0.116%) 4
1 Mg
(116-124%  0.0120%) Mg
n, K Ca
Cu
(P) (0.065-0.075%
0.070%) 0.062-0.073% (  0.069%)
P
(K) 248-2800% (  2.65%)
266-279% ( 2.73%)
(Ca) 0.19-026% (  0.22%)
021-026% (  0.24%)
(Cu) 17319 mg kg' (L85 mg kg
146-208 mg kg' ( 184 mg k')
n
n
P Cu

(K, Ca, Mg, Fe, Mn B



Tr %p

0.075
0.065
0.068
0.069

5 0.073
Mean  0.070
0.016

N SO FC I NC TN

p=0.05

0.073
0.062
0.069
0.067
0.073
0.069
0.016

Tr 1= Control

Tr2 = CaS04
Tr3=CaS04
Tr4=CaS04
Tro=

+
+

2.10
2.58
2,67
248
2.80
2.65
0.23

(CaCl,+ B)

%K

2.19
2.19
2.12
2.66
211
2.73
0.2

CaCl2
(CaCl2+ B)

0.26
021
0.19
021
0.2
0.22
0.04

%Ca

0.23
0.26
0.2
0.23
0.24
0.24
0.05

%Mg

0.138c
0.108ah
0.118ab
0.102a
0.122h¢
0.116
0.017

*

0.124
0.116
0.116
0.116
0.124
0.120
0.015

mg kg 1Fe

60.3
212
284
22.5
104
421
40.0

95%

3.3
44.7ab
17.52
174a
80.4h
417
48.6

*

DMRT

mg kg LMn
15 12%
%8  10%
753 940a
3 1l
107 1113
106 120
383 489

mg kg' Cu
162 146
12 18
173 203
193 208
1% 19
18 184
0.38 056

mg kg ' Zn
172 170
193 209
196 212
199  19.6hc
184 164a
18.9 18.9
318 380

*

mg kg'B

471a  5.64b
5.63ab  5.94bc
506a  5.37ab
6.29h  6.64c
443 463
521 554
109 110

* *
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(p<0.05)
B n, Cu n
Ca  Mn
(B) 6.51-173 mgkg' (118 mgkg)
4 5 B
1 B
B
45 1
6.37-21.5mgkg" (990 mg kg") B
(P) (p<0.05)
0.081-0.128% ( 0.094%) 2
1 P 0.054-0.103% (
0.084%) 1 2
P P
(Cu) (p<0.05)
1.32-167mgkg' ( 145mgkg’) 5
1 Cu 105-160 mg kg' (143
mg kg ) 1 5
Cu
(Zn) n 14.3-18.7 mg kg' (
166 mg kg') 5 3
n 15.0-20.8 mg kg'
(166 mg kg') n
1 4 n
5

n



2

(p<0.05) Ca  Mn
(Ca) (0.25-0.33%
0.28%) / (
34 ) Ca 2
Ca (p<0.05) 0.24-
0.50% (  0.30%) 1 5
2,3 4
Ca 1
/ Ca
(Mn) (115-141 mg kgt
122 mg kg ) Mn (p<0.05)
101-29% mg ko' (143 mg kg') g
5 Mn
KMg Fe
(K) 3.08% (2.95-3.20%)
( 2.94%, 2.32-3.12%)
(M)
(013-0.15%  0.11-0.13% )
(0.14-0.12% )
(Fe) 128-26mgkg' (187
Fe ' (12.0-18.9 mg kg' 155 mgkg')

p,K,Mg Fe, Cu B Zn



Ca  Mn

K, Mg, Fe B

n, K, Ca, Mg B Fe,Cu  Zn

o

g
&"’sm A
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Tr

1
2
3
4
5

Mean
SD

p

0.1280
0.081a
0.093a
0.090a
0.087a
0.094
0.038

*

p=0.05

Tr 1= Control
Tr2 = CaS04
Tr3=CaS04
Tr4=CaS04
Tr5=

0.103
0.054
0.087
0.066
0.097
0.084
0.032

+
+

320
3.03
31
2.95
3.09
3.08
0.33

(CaCl2+ B)

%K

3l
312
2.93
2.68
2.32
2.94
0.46

CaCl,
(CaCl, + B)

0.25
0.26
0.33
0.28
0.28
0.28
0.09

%Ca

0.24a
0.31a
(.26a
0.31a
0.500
0.30
0.10

0.13
0.13
0.15
0.13
0.14
0.14
0.02

%Mg

0.12
0.13
0.11
0.13
0.13
0.12
0.02

mg kg ' Fe
201 165
164 122
128 120
21 189
226 166
18.7 155
BTl
95% DMRT

mg kg 1Mn
o 144
1
15 10la
2 126
122 29b
122 143
29| =839

mg kg 1Cu
16t 160
154 133
13 141
1412 136
13a 105
145 143
033 038

mgkg'Zn
175 164
170sb 164
187h 166
159 150
143 208
166 166
421 266

mg kg' B

6.51a
8.09b
8.96b
173
16.6¢
11.8
541

6.37a
8.00a
8.01a
155
213
9.90
520



3

6.
(8 G Mg R( )| ) B( )
K, Ca, Mg N ( 10)
(p<0.05) NICa( )KfCa( )K+MglCa( )  CaB(
) NK KMy CaMg
Ca/B 101-186 5
Ca/B 10.3-17.3
2 3
(13 13 )
KiCatMg (214253 229
(p<0.05) (18.6-21.6 199)
2 1 4
K+Mg/Ca KiCa+Mg
(n<0.05) (63.2-786 ~  70.6) 3 5
)

B297(  80)

K/Ca
68.2)
(73.0-96.3)
N/Ca
4
N/K

(024027

(p<0.05) (611758
(805)

(p<0.05) (14.8-18.7 16.9)
N/Ca

158204(  184)

020023 ( 029)
025)



KIMg
214-305(  289)

36

206366 ( 324)

CalMg 032042 ( 042
0.44 (0.38-0.48)
NK  CalMg
(p<0.05) N, B
( JGaMg( ) () )
(10
NIK, NICy, CalMg ~ CalB K/Ca
K+Mg/Ca
N/K 021032 (  029)
3 025032 ( 029
1
N/Ca 506-694 (  589) 1
N/Ca  374-612( 571
1
Ca/Mg (p<0.05)
016022 (  0.19) 3 4
5
, 1
CalMg 018024 (  0.2) 3
Ca/B 336598 (  464)



139-199 (

Ca/B

1)

K+Mg/Ca

1)

34.2-36.2 (
K/Cat+Mg
(26.6-29.6

1
1 Ca/B
Ca/B
(<0.05)
177-234 (
5
(135-194 179)
182-240 (
5
KMg  KiCatMg
KIMg 348-385( 364
34.5)
288-321 (1 306)
28.7)

N/Ca, KiCa, KIMg, K+Mg/Ca

N/K
K/CatMg

Ca/Mg Ca/B

N/K, KiCa, KIMg  K/Ca+Mg

202)

31

207)

Ca/Mg, K+Mg/Ca



3

NK  CaMg
(N/Ca, KICa, K/Mg, K+Mg/Ca, K/CatMg  Ca/B)

N/K
Ca/Mg NICa, KICa,
KIMg, K+Mg/Ca K/CatMg
Ca/B
CalB
B Ca
Ca/B
Ca/B
Mn
il
) WA Mn

Mn
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Tr
1 021
2 0.24
@ 3 0.25
§ 4 0.23
5 0.2
Mean 0.23
p<0.05
1 03Lhe
2 0.30abc
& 3 032
ér 4 0.29bh
5 027
Mean 0.29
p<0.05 "
Tr 1= Control
Tr2=CaS04
Tr3=CaS04
Tr4 = CaS04

0.24
0.24
0.26
0.21
0.24

0.25

0.32b
0.28ab
0.28ab
0.26a
0.252
0.29

*

+

N/Ca
199  18.0bc
181 18.0he
204 15.8ab
193 187c
158 148
18.4 16.9
694c 6120
56.5ah  46.3ab
60. labc  37.4a
50.6a  48.0ab
62.30c  43.3ah
589 517
CaCl2
(CaCl2+ B)

9.3
5.2
815
847
130

80.5

230b
1953
186a
177a
234b
202

*

75.8
4.9
61.1a
69.8ab
61,7a
68.2

194
n
135
186
169
179

Tr5=

29.6
304
32.5
36.6
330

324

315
%1
3.5
348
355
364

95%

(CaCl2+ B)

Ca/Mg
280 032 038
05 042 04
283 040 047
291 044 044
214 046 048
285 042 044
38 017a 018
36.2  0.1%hb  0.24ab
42 0220 02%
A4 021b  0.1%
48  016a  02lab
345 019 02
DMRT

K+Mg/Ca
9.7 786h
nr 1.3
840 632
811 T2.2ab
72  64.0a
83.0 70.6
2360 19
201a 175
191a 139
1823 19
2400 174
207 184

*

K/Ca+tMg
224 20.3ab
214 2160
231 193
253 20.3ab
26  186a
22.9 19.9
21 287
303 29.6
316 26.6
288 289
30.7 288
30.6 28.7

Ca/B

101a
115
138ab
10%
186b

134

*

41.7h
53.6hc
59.8¢
36.52
33.6a
46.4

*

116a
103a
151h
1043
175

133

*

48.5ahc
63.9b¢
7.2
21.23
3. lab
50.6

*



1

Mn  Zn(
Ca/B

1

40

( 8)
(P<0.05)1 B ( ) Mg ( ), Fe,
) ( 11)
Ca/Mg
Ca/B 333-360 ( 444)
5
” 4
CalB 349-528 2
Ca/B
Ca/Mg (1.59-2.04 1.86)
(p<0.05) 1.84-2.27 ( 197)
2
Ca/Mg
K/Ca 105146 ( 127)
(11.2-128 122
K/Mg 196-247(  233)
(21.9-246 21
K+Mg/Ca 11.0-15.0(  13.3)
107134 (127
K/CatMg 6.82-88L ( 817
161-843 (192
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K/Ca, K/Mg, K+Mg/Ca, K/Cat+Mg

Ca/B Ca/Mg
(p<0.05)  Mn
()G () B )
( 11) Ca/B KIMg
Ca/Mg
Ca/B 162398 (281
12 3 45
Ca/B 203408 (333
Dy 3
i 5
KIMg 228243 ( 232
174214 (243 3
K/Mg
Ca/Mg 186-220 (- 2.07)
(p<0.05) 207339 (  240)
5
Ca/Mg

KICa, K+Mg/Ca  K/CatMg
K/Ca 103-127(  119)
(468-139 112
K+Mg/Ca 107-139 (124
495-144(  107)

K/Ca+Mg 693850 (  779)
366895 (  755)



K/CatMg

Ca/B

Ca/B

KIMg

Ca/B

Ca/lMg

42

KiCa, K+Mg/Ca,



O ™

A

11
Tr

S~ W N e

Mean
p<0.05

= o D -

5
Mean

p<0.05

Tr 1= Control
Tr2 =CaS04
Tr3=CaS04
Tr4=CaS04

105
125
144
126
132
12.7

133
123
103
116
127
11.9

128
112
133
119
118
122

139
103
113
941
468
112

CaCl2

196
24.3
229
247
233
23.2

239
24.3
218
228
234
23.2

(CaCl, + B)

225
24.6
236
235
219
231

26.6
239
214
20.7
174
243

Tr5=

CalMg
187 186
1% 2.21
159 184
2.04 201
181 190
1.86 197
186 207
2.06 2.39
2.0 2.44
207 2.38
2.06 392
2.07 2.40

(CaClj + B)

95%

K+Mg/Ca
110 134
130 117
150 138
131 124
137 123
133 127
139 144
128 108
10.7 118
21 9.85
132 4.95
124 117

DMRT

K/CatMg
6.82 81l
8.23 1.65
861 843
8.29 788
8.36 161
8.17 7.92
8.50 8.95
8.1l 1.18
6.93 .99
1.60 6.40
8.05 3.66
.79 7.55

620
3713
374
333
542
444

398
332
366
162
178
281

a1
441
403
349
528
438

319
408
332
203
231
333
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8. (Uptake)
(Uptake =
X ) uptake
(p<0.05) B (
12)
B uptake 6.68-15.0 pg fruits 1( 110 pg fruits’)
4 5 B uptake
L2 3 2
3 B uptake ( )
B uptake 109-28.3 pg fruits’l (160 pg fruits ')
NN 5
B uptake
B uptake
7. (\3
8.51-17.6 pg fruits 1(  12.0 pg fruits™)
(DW) 1 421528 g fruits'l
(483 g fruits) 5.63-689 ¢ fuits’l(  6.12 g
fruits")
482541 g fruits'l(— 5.10 g fruits’)
N uptake 25.7-21.8 mg fruits’l (
265 mg fruits) N uptake 218-26.6 mg fruits' ( 25.2 mg
fruits") 27.0-338 mg fruits™ ( 31.3 mg fruits)
P uptake 1.02 mg fruits" (6.16-7.38 mg fruits )
D Uptake 5.69-7.09 mg fruits’L(  6.70 mg fruits’)
8.21 mg fruits’1(7.40-8.98 mg fruits')
K uptake 1 925 mg
fruits ' (84.5-99.7 mg fruits ') K uptake ~ 73.6-96.0 mg fruits 1(87.5 mg

fruits ) K uptake 97.8-130 mg fruits 1( 111 mg fruits ')
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Ca uptake 508 pg
fruits™ (408-580 pg fruits') Ca uptake 321-536 pg fruits"L (
460) 524-843 pg fruits"l( 686 pg fruits')

Mg uptake 2.36-2.83 mg fruits' (259
mg fruits ') 195271 mg fruits 1( 241 mg fruits ')

2.89-3.83 mg fruits" (3.4 mg fruits’)

Fe uptake 834 ng
fruts' (834 pg fruits ') 63.9-89.0 pg fruits" ( 80.1 pg
fruits™) 78.1-124 py fruits™ ( pg fruits ' 95.6)

Mn uptake 33.4-37.3 pqg fruits"1(

3 pg fruits™ 5.3) 30.7 pg fruits™ (24.2-33.2 pg fruits ')
52.2 pg fruits 1(45.7-95.2 pg fruits ')

Cu uptake 113 pg fruits"
(10.6-11.8) pg fruits ' 9.85-125 pg fruits' (107 pg fruits ')

10.8-17.3 pg fruits™ (136 pg fruits')

Zn uptake 52.9-65.1 pg fruits™ ( 57.7
pg fruits ) 53.0 pg fruits™ (44.0-59.6
pg fruits ) 74.9 py fruits™ (67.5-88.3 pg fruits ')

(Uptake)
/
Uptake
3 ptake

Uptake uptake
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(Uptake)
DW

(g fruit)
42
5.09
411
4.68
528
4.83

563
6.98
563
6.89
6.59
6.12

482
5.38
4.84
510
541
5.10

218
264
26.6
247
255
252

310
338
21.0
324
318
313

5.1
218
26.6
26.2
261
26.5

p
(mg fruit)
5.69
7.03
6.75
6.79
6.94
6.70

113
6.83
140
8.98
8.86
8.21

6.96
138’
6.84
121
1.14
7.02

136
910
86.9
86.0
9.0
87.5

%9
124
97.8
124
130
1

84.5
97.3
88.5
932
99.7
92.5

Ca
(ng fruit ")
2
476
536
499
423
460

524
822
843
102
875
686

408
542
580
538
471
508

Mg
(mg fruit)
1%
Vit .
2.21
2.48
271
241

2.94
34
2.89
312
383
3.24

Dk
268
2.36
211
283
2.59

Fe

639
611
7199
618
89.0
80.1

181

97.9
104
124
95.6

100
868

825 .

85.9
92.6
834

Mn

24.2
318
332
37
305
30.7

45.7
532
488
46.5
955
522

334
338
354
345
313
353

Cu
(ng fruit )
9.85
105
105
105
120
10.7

132
146
108
173
102
136

113
113
106
118
118
113

n

440
596
%1
48.0
526
53.0

10.5
8.3
67.5
139
80.6
749

55.3
65.1
1594
529
55.6
511

6.68a
9.22a
8.64a
1500
14.1h
11.0

10.%
13.7ab
11.3
28.3c
25.80c
16.0

8.51a
10.1a
902 .
17,60
15.3
12.0



9 (Uptake)

(- )C( JM( )Cuf
uptake ( 13)

) In(

Uptake
uptake
Fe B
Ca uptake
8.26 mg fruits ')

Ca uptake
5.95-8.87 mg fruits"L(
Ca uptake

Ca uptake
mg fruits’) 5

Mg uptake
3.83 mg fruits ')

Mg uptake

Mg uptake

mg fruits")

Fe uptake

35.2-67.1 pg fruits' (

7,98 mg fruits")

511 pyg fruits")
Fe uptake
Fe uptake
B uptake

33.2 pg fruits") 4 5

B uptake

4

(p<0.05) P

) B )
Fe  Buptake
Ca uptake, Mn uptake B

uptake Ca, Mg,

6.46-949 mg fruits" (
Ca uptake

1.15-17.0 mg fruits " ( 9.28
Ca uptake
3.28-4.23 mg- fruits" (

Mg uptake

(3.14-4.20 mg fruits' 3.85
3.19-4.36 mg fruits' (- 3.76 mg fruits’)

35.9-67.5 pg fruits" ( 51.7 pg fruits ')

36.6-67.3 pg fruits 1(  48.6 pg fruits™)
16.5-53.0 pg fruits™ (

4
338 py fruits" (14.9-



532 pg fruits ')

Mn uptake
(358 pg fruits)
pg fruits )
pg fruits™ (439 pg fruits )

Mn uptake

(DW)
2.58 ¢ fruits")
2.80 g fruits"™)

2.58-3.13 g fruits" (
3.09 g fruits " (
3.06 g fruits )

p uptake
2.58 mg fruits')

( 2.18-2.99 mg fruits'

2.56 mg fruits ')
K uptake
86.5 mg fruits ')

(74.1-92.7 mg- fruits™

K uptake
Cu uptake
3
431 pyg fruits™)

Zn uptake
(464 pg fruits )

Uptake

Uptake

Uptake My Fe

47.9-67.2 py fruits™ (

18.7-71.7 pg fruits 1(

48

313 pg fruits )

302-436 pg frits'!

304-369 pg fruits1( 335

2.58 mg fruits'

5

350-4.61 pg fruits' (

289-1005

2.31-
2.93-3.33 ¢ fruits™ (

2.08-3.13 mg fruits™ (
2
1.64-3.02 g fruits'

81.5-90.8 mg fruits' (

859 mg fruits")
89.0 mg fruits™ (74.1-94.7 mgfruits’)

3.74-4.40 pg fruits"]
(3.68-4.41 pg fruits"L

431 pg fruits)
44.6-50.1 pg fruits”

453 pg fruits" (39.9-50.3 pg fruits”)

50.3 pq fruits )

p, K Ca Mn Cu, Zn B
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Tr
1
2
eg 3
0 4
5

Mean

p=0.05

(Uptake)
DW

(g fruit')
2.31
2.12
2.11
3.09
301
2.80

2.93
3.04
297
331
333
3.06

2.58
2.18
2.15
313
305
2.85

2.99
2.18
241
2.88
2.53
2.58

3.02
164
261
2.23
2.90
2.56

3.00
2.08
249
2.76
2.56
2.58

141
820
85.6
914
921
85.9

915
9.7
87.0
86.6
741
89.0

815
84.4
858
90.5
9038
86.5

Ca
(mg fruit))
59
1.15
8.87
8.68
861
7.98

7.15a
9.72a
1.17a
10.9
17.0b
9.28

6.46a
7.64ab
8.72a
9.10b
9.4%
8.26

*

Mg

314
341
407
4.20
419
3.85

346
401
319
4.36
428
3.76

3.283
3.52ab
3.94ab
4.230
4.200
3.83

Fe

46.6ab
42.0ab
34.9
67.1b
67.5
5&7

4838
36.6
3.7
67.3
52.3
48.6

47.6ab
40.9
35.2a
67.10
65.9
51.1

*

Mn

323
315
304
363
369
335

422a
3443
28%
404a
1005h
439

366
320
302
31
436
358

Cu

(ng fruit')
383
418
3.68
441

39
4.03

461
4,08
414
4.36
3.56
431

417
416
3.74
440
3.9
4.09

n

39
450
503
414
420
453

419
49.6
488
492
67.2
503

433
459
0.1
418
446
46.4

149
21.6a
24.23
53.20
50.0b
33.8

18.7a
24.1a
23.7a
5240
TL.7c
313
*

16.5a
22.1a
24.1a
53.00
52.20
33.2



(93-94%)

11.1%

Ca/B

6-7%

88.9%
63.6%

36.4%

Ca/B

50



51

L 0 (.. 2494-2529)
51
2544,

2546,
197
2549,
376 () 577580,
2549,

( )

Allan, S.E. 1971, Chemical Analysis of Ecological Materials. John Wiley and Sons, New York.

Blakemore, L.C., p.c. Searie and BK. Daly. 1987. Method for Chemical Analysis of Soils. NZ Soil
Bureau Scientific Report 80. NZ Bureau, Department of Scientiic and Industrial Research.
Lower Hutt, New Zealand. 103 p.

Brady, n.c. and R. R. Weil. 2002. The Nature and Properties of Soils. 13t Edition. Prentice Hall,
New Jersey, USA. 960 .

Bramlage, W.J. 1994. Physiological Role of Calcium in Fruit, p. 101-107. In Peterson and Stevens
(eds.) Tree Fruit Nutrition. Good Fruit Grower, Washington, USA,

Chapman, H.D. 1985. Cation Exchange Capacity, p. 891-90L. In C.A. Black (ed.). Methods of Soil
Analysis. Part II. Chemical and Microbiological Properties. No. 9 in Agron. Amer. Soc. of
Agron. Inc., Madison, Wisconsin, USA.

Davidescu, D. and V. Davidescu. 1982. Evaluation of Fertility by Plant and Soil Analysis. Editura
Academiei, Romania and Abacus Press, English. 560 p.

Foth, H.D. and B.G. Ellis. 1997. Soil Fertility. 2rd Edition. CRC Lewis Publishers. New York, USA.
289 p.

Foy, C.D., RLL. Chaney and M.c. White. 1978. The physiology of metal toxicity in plants. Ann. Rev.
Plant Physiol. 29: 511-566.



52

Gee, G.w. and J.w. Bauder. 1986. Particle-size Analysis, p. 383-409. In A. Klute (ed.) Methods of
Soil Analysis, Part I. Physical and Mineralogical Methods. 2rd Edition. No. 9 in Agronomy.
Soil Sci. Soc. Am., Inc., Madison, Wisconsin, USA.

Halvin, J.L., J.D. Beaton, S.L. Tisdale and W.L. Nelson. 2005. Soil Fertility and Fertilizers: An
Introduction to Nutrient Management. 7hEdition. Prentice Hall, New Jersey, USA. 515 p.

International Institute of Tropical Agriculture. 1979. Selected Methods of Soil and Plant Analysis.
Revised Edition. Manual Series No. L IITA, Ibadan, Nigeria, 70 p.

Jones, Jr. J.B. 1998, Plant Nutrition Manual. CRC Press, USA. 147 p.

Keren, R. 1996. Boron, p. 603-626. In D.L. Spark, A.L. Page, P.A. Helmeke, R.H. Loeppert, P.N.
Soltanpour, M.A. Tabatabai, C.T. Johnston and M.E. Summer (eds.) Methods of Soil
Analysis. Part l1l. Chemical Methods. No. 5 in Agronomy. Soil Sci. Soc. Am.,, Inc., Madison,
Wisconsin, USA.

Kuo, . 199. Phosphorus, p. 869-920. In D.L. Spark, A.L. Page, P.A. Helmeke, R.H. Loeppert, P.N.
Soltanpour, M.A. Tabatabai, C.T. Johnston and M.E. Summer (eds) Methods of Soil
Analysis. Part 1lI. Chemical Methods. No. 5 in Agronamy. Soil Sci. Soc. Am., Inc., Madison,
Wiscansin, USA.

Marschner, H. 1986. Mineral Nutrition of Higher Plants. Academic Press. London. 674 p.

Mortvedt, J.J. and F.R. Cox. 1985. Production, Marketing, and Use of Calcium, Magnesium, and
Micronutrient Fertilizers, p. 455-481 In o.p. Engelstad (ed) Fertilizer Technology and Use,
Jidediition. Soil Sci. Soc. Am., Inc., Madison, Wisconsin, USA.

Peryea, F.J. 1994. Boron Nutrition in deciduous tree fruit, p. 95-99. In A. Peterson and R.G. Stevens
(eds.) Tree Fruit Nutrition. Good Fruit Grower, Yakima, Washington, USA,

Rhoades, J.D. 1982a. Cation Exchange Capacity, p. 149-158. In A.L. Page (ed). Method of Soil
Analysis. Part I, Chemical and Microbiological Properties. No. 9 in Agron. 2rdled., Am. Soc.
of Agron. Inc., Madison, Wisconsin, USA.

_ . 1982b. Soluble Salts, p. 167-179. In A.L. Page (ed.). Methods of Soil Analysis. Part Il.
Chemical and Microbiological Properties. No. 9 in Agron. 2red., Amer. Soc. of Agron. Inc.,
Madison, Wisconsin, USA.

Soil Survey Laboratory Staff. 1992. Soil Survey Laboratory Methods Manual. Soil Survey
Investigations Report No. 42. Veersion 2.0. United State Department of Agriculture. USA. 400

r



53

Thomas, G.w. 1996. Soil pH and Soil Acidity, p. 475-490. In D.L. Spark, A.L. Page, P.A. Helmeke,
R.H. Loeppert, P.N. Soltanpour, M.A. Tabatabai, C.T. Johnston and M.E. Summer (eds.)
Methods of Soil Analysis. Part I1l. Chemical Methods. No. 5 in Agronomy. Soil Sci. Soc.
Am., Inc., Madison, Wisconsin, USA.

Walkey, A. and C.A. Black. 1934. An Examination of Degtjareff Method for Determining Soil
Organic Matter and A Purposed Modification of The Chromic Acid Titration Method. Soil
Sci. 37:29-35.

Weir, R.G. and G.c. Cresswell, 1995, Plant Nutrient Disorders 2 Tropical Fruit and Nut Crops.
Inkata Press, Melbourne, Australia.



115591

& d‘ ¥ o [ ¥ - = & 1 ¥ o £ L83 14
wnanstiduenansnanulidmsunisidnuienis@nwiringy ldeugnlviiluldusslowisunisen

Lidnsdllag vedu BnnsinudlidauUaaiion wazfaadndduivesenaisnnassiinisunluly



Mo ey (A rrrt i Sl

LS Fwlitfe 5 ,

dy 3 dl Y o L ¥ dl = } 5 1 Y o ¥ L% ¥
wnanstluenansnanulidmsunisidnuienisnwivintu ldeygelmiluldusslowisunisen

Lidnsallas viedu BnnsnudlvidnuUadilon wazdesdnaddsuivesenarsnnassninisunluly





