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Effects of Rootstocks and Microsprinkler
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Abstract

Mineral concentrations in shoot leaves, spur leaves, mixed-buds, and fruit tissue, and yield, and fruit
color of ‘BC-2 Fuji’ apple (Malus domestica Borkh.) trees as affected by five rootstocks, B.9, M.9
NAKBT337, 0.3, M.26 EMLA, and M.7 EMLA, and five nutrition treatments, applied through a mi-
crosprinkler system, were evaluated during 1998 and 1999. Nutrient treatments were 22.4 kg N/ha (low
N), 89.7 kg N/ha (medium N), 156.9 kg N/ha (high N), 89.7 kg N/ha plus 78.5 kg K/ha (medium N +
K), and 156.9 kg N/ha plus 78.5 kg K/ha (high N + K). Trees on B.9 had lower K and higher Ca in the
shoot and spur leaves, and had higher fruit Ca than other rootstocks in both years. Shoot and spur leaves,
and fruit tissues of trees on M.7 EMLA had significantly higher K concentrations than those on other
rootstocks. Shoot leaves and mixed-buds of trees on M.26 EMLA had higher Mg concentrations than
trees on most other rootstocks during the two years. Fruits of trees on B.9 had significantly higher Ca

“and Zn concentrations than those on other rootstocks during both years. Trees on B.9 were more yield-
efficient (yield/trunk cross-sectional area) than those on M.26 EMLA and M.7 EMLA in both years.
Trees receiving low N had lower N but higher K concentrations in all tested tissues, except in mixed-
buds, compared to trees in other nutrient treatments. Fruits from trees with low N had better color than
those from trees receiving higher N. Addition of K with N fertigation treatments had little effect on K
concentrations of tree tissues.

Introduction

Numerous studies have shown that root-
stocks affect scion leaf (1, 2, 6, 10, 14, 17,
19, 22, 25, 27) and fruit mineral concen-
tration (7, 8, 9) of apples (Malus domesti-
ca Borkh.). Fallahi et al. (7) reported that
trees on Oregon Apple Rootstock 1 (OAR
1) .had lower fruit N ‘concentrations than
those on most other rootstocks. Autio et al.
(2) reported that Ca content of fruit from
‘Starkspur Supreme Delicious’ trees on
Michigan Apple Clone 9 (MAC.9) was
higher, but fruit Ca concentrations on
OAR 1 was lower than those on several
other rootstocks. Abdalla et al. (1) report-
ed that ‘Delicious’ apple trees on dwarfing
rootstocks had higher yield efficiency and
higher leaf Mn concentrations but lower
leaf K concentrations than trees on vigor-
ous rootstocks. Williams and Billingsley
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(28) studied the relationship between
quantity of applied N, leaf N, and fruit
color in ‘Golden Delicious’ apple and con-
cluded that maximum yields of high-qual-
ity fruit were obtained when leaf N were
from 1.9 to 2.1% dry weight. They ob-
served that the green color of fruit in-
creased as its quantity of N and leaf N con-
centration increased. The inverse
relationship between leaf and fruit color
has also -been reported for ‘Starkspur
Golden Delicious’ (8) and ‘Golden Deli-
cious’ (15). Recently, the inverse relation-
ship between leaf and fruit N concentra-
tions with fruit quality has also been
reported by Raese and Drake (20) and Fal-
lahi et al. (11).

In spite of the economic significance of
‘Fuji’ apple, limited information is avail-
able on the effect of rootstock or fertiga-
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tion on mineral concentrations in various
tissues of this cultivar. Therefore, the ob-
jective of this study was to examine the ef-
fect of five rootstocks and five nutrition
treatments applied through a microspin-
kler fertigation system on mineral concen-
trations in shoot leaves, spur leaves,
mixed-buds, and fruit tissues, and yield,
and fruit color of ‘BC-2 Fuji’ apple trees,
during 1998 and 1999.

Materials and Methods

Plant Material and Fertigation
(Nutrition) Levels

The experimental orchard was located
at the University of Idaho Parma Research
and Extension Center near Parma, Idaho.
‘BC-2 Fuji’trees on B.9, M.9 NAKBT337,
0.3, M.26 EMLA, and M.7 EMLA root-
stocks were planted at 2.4 x 5.9 m in May
1995. ‘Snowdrift’ crabapple trees were
planted as pollinizers. Trees were trained
as a central leader by bending the top of the
leader in a zig-zag pattern to control
growth (3). The soil was sandy loam and at
the depth of 0-58.8 cm, the soil character-
istics were as follow: pH 7.1 to 7.3, NO;-
N 2.74t03.14 ng.g'!, NH4-N 1.45 to 1.09
pg.gl,P8.0to 12.4 pg.g!, K 306 to 319
pg.g'l, CEC 16.6 to 18.3, and organic mat-
ter 0.48 to 1.03%.

Five nutrition treatments with the same
amount of water were delivered through
the microsprinkler irrigation system (ferti-
gation). Urea-ammonium nitrate (UAN-
32) nitrogen (N) and liquid potash fertiliz-
ers (0-0-13 K20) were used as nutrient
sources in the experiment. The nutrient
treatments were 22.4 kg N/ha (low N),
89.7 kg N/ha (medium N), 156.9 kg N/ha
(high N), 89.7 kg N/ha plus 78.5 kg K/ha
(medium N + K), and 156.9 kg N/ha plus
78.5 kg K/ha (high N + K). Each of these
nutrient treatments was applied in four
equal quantities on May 31, June 8, June
15, and June 23 in 1998, and on May 20,
May 27, June 4, and June 10 in 1999.

Tissue Sampling and Mineral Analysis

After terminal buds were formed on Au-
gust 31, 1998 and August 25, 1999, 30
leaves with petioles attached, from mid-

section of the current season shoots and
five spurs, which had no fruit, were col-
lected randomly on each tree. Twelve
mixed-buds from each tree were collected
on March 27, 1999 and March 24, 2000,
when they were at developmental stages
between 0 (dormant stage) and 2 (bud
swell-first green stage), based on the bud
development chart in Crop Protection
Guide for Tree Fruits in Washington (5).

For fruit mineral analysis, seven fruits
were randomly sampled from each tree at
commercial harvest time on October 20,
1998 and October 18, 1999. Fruit color
was rated visually on a scale of 1 to 5,
where 1 = 20% pinkish-red progressively
to 5 = 100% pinkish-red. Each fruit was
cut longitudinally into four equal sections.
Thin longitudinally wedges from each sec-
tion were taken and combined. Seeds, en-
docarp, mesocarp, exocarp, and pith tis-
sues were removed from core sections,
leaving the cortex with peel tissues for
analysis.

Samples were washed with a mild solu-
tion of Ligui-Nox detergent (Alocnox,
Inc., New York, NY), rinsed in deionized
water, dried at 65°C, and ground in a
grinder (Cyclotec 1093, Teactor, Inc.,
Hoganas, Sweden) to pass through a 40-
mesh screen. Nitrogen concentration of
each sample was measured by LECO Pro-
tein/Nitrogen Analyzer (FP-528, LECO
Corp., St. Joseph, MI). The concentration
of Ca, Cu, Fe, Mg, Mn, K, and Zn were
measured by atomic absorption spec-
trophotometry (Perkin-Elmer 1100 B,
Norwalk, Connecticut) as described by
Jones (1977).

Experimental Design

The experimental plot was arranged as a
randomized complete block split plot de-
sign with five fertigation (nutrient) treat-
ments as the main plots and five rootstocks
as sub-plots. Four blocks and two replica-
tions of trees within each sub-plot (total
200 trees) were used in this study. Data
were analyzed using general linear model
(GLM) procedures. Fisher’s protected
LSD (a = 0.05) was used to separate treat-
ment means. Statistical analyses were



6 JOURNAL AMERICAN POMOLOGICAL SOCIETY

Table 1. Effect of rootstock on mineral element concentrations of ‘BC-2 Fuji’
apple shoot leaves in 1998 and 1999.

Element concentrations (based on dry weight)

N Ca Mg K Fe Zn Cu Mn

Rootstock (%) (%) (%) (%) (kg'g")  (kgg") (rgg") (rog)
1998

B.9 234bZ 1.81a 024b 1.19d 79.0ab 16.8a 9.0b 59.8b
M.9 NAKBT337 238ab 1.3%b 022b 152c 813a 16.0b 92b 533c
0.3 236ab 141b 022b 151c 855a 147c 82c 40.8d
M.26 EMLA 235ab 1.22c 035a 166b 724c 159b 9.0b 757a
M.7 EMLA 242a 1.13d 026b 193a 766bc 149c 11.0a 536¢c
1999

B.9 221b 144a 026d 134d 618b 129a 6.6bc 43.8b
M.9 NAKBT337 2.28a 1.35b 028c 155b 599b 122ab 6.9ab 43.6b
0.3 221b 1.33b 026d 148bc 60.7b 11.1b 6.1b 279d
M.26 EMLA 228a 1.30b 036a 144c 596b 119ab 6.4cd 589a
M.7 EMLA 217b 121c 030b 175a 703a 129a 73a 398c

ZMean separation within columns of each year by LSD at a = 0.05 (n = 40).

computed by SAS (SAS Institute Inc.,
Cary, N.C.).
Results and Discussion

Assumption of normality was checked
by computing univariate analysis for all
tree responses in this study. There were no
significant interactions between root-
stocks and fertigation treatments for any
portion of this study.
Rootstock Effect

Shoot leaves: Rootstocks affected the
scion shoot leaf concentrations of all nu-

trients analyzed (Table 1). The concentra-
tion of N was significantly lower in leaves
from trees on B.9, 0.3, and M.7 EMLA
than those on M.9 and M.26 EMLA in
1999. Shoot leaves from trees on B.9 had
the highest Ca concentrations in 1998-
1999 and the highest Zn concentrations in
1998. Shoot leaves of trees on B.9 had the
lowest K concentration among all trees in
both years. Trees on M.7 EMLA had rela-
tively higher leaf K and Cu concentrations
than those on other rootstocks in both

Table 2. Effect of rootstock on mineral element concentratlons of ‘BC-2 Fuji’

spur leaves in 1998 and 1999.

Element concentrations (baséd on dry weight)

N Ca Mg - K Fe Zn Cu Mn
Rootstock (%) (%) (%) (%) ~*= (ug'g")  (kgg") (kgg) (ngg")
1998 T . .
B.9 2.12¢Z 2.82a 0.32ab 094d 116.1bc 379a 129ab 59.8b
M.9 NAKBT337 219a 233b 031b 1.18c 123.9a 350ab 149a 503c
0.3 2.15abc 2.38b 0.30b 1.17c 113.4bc 30.3c 120b 38.1e
M.26 EMLA 2.16ab 2.07c 034a 1.13b 109.6c 29.9c 11.5b 76.8a
M.7 EMLA 2.13bc 1.98c 0.27c 168a 118.3ab 30.7bc-125b 43.8d
1999
B.9 212bc 2.44a 036c 1.00c 100.0ab 24.8a 95c . 49.3b
M.9 NAKBT337 219a 228ab 0.39b 1.19b 945bc 22.3b 10.1b 44.8bc
0.3 2.09cd 238a 0.38bc 1.12b 89.9c 214b 91c 29.9d
M.26 EMLA 2.18ab 2.12b 0.48a 1.09bc100.3ab 23.0ab 9.2c 679a
M.7 EMLA 2.04d 2.12b 0.41b 1.39a 1055a 24.7a 107a 415c

ZMean separation within columns of each year by LSD at « < 0.05 (n = 40).
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Table 3. Effect of rootstock on mineral element concentrations of ‘BC-2 Fuiji’

mixed-buds in 1999 and 2000.

Element concentrations (based on dry weight)

N Ca Mg K Fe Zn Cu Mn

Rootstock (%) (%) (%) (%) (wg-g)  (wgg")  (gg) (ugg’)
1999

B.9 228aZ 216a 0.186c 098a 101.8bc 584a 33.7a 22.7cd
M.9 NAKBT337 221a 203a 0.206b 0.94a 107.4abc 51.4bc 30.1b 251D
0.3 225a 1.85b 0.192c 095a 1085ab 46.8c 228c 21.3d
M.26 EMLA 224a 1.79b 0.222a 089a 98.7c 48.2bc 246c 276a
M.7 EMLA 194b 209a 0.222a 0.87b 1143a 52.8b 328a 23.4c
2000

B.9 238b 1.78a 0.218c 1.02b 821a 57.0ab 403b 253b
M.9 NAKBT337 235bc 1.77ab 0.224c 1.03b 839a 558ab 406b 255b
0.3 231bc 1.68bc 0229bc1.04b 747b 518c 312c 19.7d
M.26 EMLA 227¢c 1.73ab 0.254a 1.05b 87.7a 555bc 326c 280a
M.7 EMLA 249a 1.60c 0.239b 1.14a 745b 594a 479a 253D

ZMean separation within columns of each year by LSD at a = 0.05 (n = 40).

years. Trees on M.7 EMLA had not
reached full production in 1998 and 1999;
therefore, the fruits required less K, result-
ing in a higher concentration of K in the
leaves. This situation may or may not
change as trees become more mature. The
higher leaf K concentration in trees on
more vigorous rootstock in this study was
similar to results with ‘Delicious’ by Ab-
dalla et al. (1) and in ‘Fuji’ by Fallahi et al.
(10). Trees on M.26 EMLA had higher
shoot leaf Mg and Mn concentrations than

those on other rootstocks in both years.
The higher leaf Mg associated with M.26
EMLA was consistent with the results for
‘Starkspur Golden Delicious’ (8) and
‘Starkspur Supreme Delicious’ (21). High-
er leaf Mn in ‘Fuji’ leaves on M.26 EMLA
rootstock was similar to the results in
‘MclIntosh’ (19). Leaves of trees on 0.3
had significantly lower Cu and Mn con-
centrations than did those on most of other
rootstocks. Lower leaf Mn in the trees on
this rootstock agrees with the results on

Table 4. Effect of rootstock on mineral element concentrations of ‘BC-2 Fuiji’

apple fruits in 1998 and 1999.

Element concentrations (based on dry weight)

N Ca Mg K Fe Zn Cu Mn

Rootstock (%) (%) (%) (%) (rog")  (kog) (hgg") (ngg’)
1998

B.9 0.259bZ 0.034a 0.033a 0.75¢ 49ab 137a 3.1b 1.8a
M.9 NAKBT337 0.285a 0.028c 0.032ab 0.83b 4.8ab 1.12b 3.1b 1.6bc
0.3 0.253b 0.031b 0.034a 0.81b 51a 1.19b 26¢ 1.5 bc
M.26 EMLA 0.223c¢c 0.026cd 0.031b 0.79bc 4.4b 1.15b 2.7c 1.6ab
M.7 EMLA 0.274ab 0.025d 0.035a 091a 52a 1.19b 39a 14c
1999

B.9 0.210a 0.024a 0.028bc0.73d 58b 107a 3.1b 1.7a
M.9 NAKBT337 0.222a 0.019b 0.029b 0.81b 5.2b 0.81b 33b 1.4 bc
0.3 0.184b 0.018b 0.027c 0.76cd 5.7b 0.85b 25c 1.1d
M.26 EMLA 0.168b 0.019b 0.028bc0.77bc 56b 0.84b 26¢c 14b
M.7 EMLA 0.232a 0.017b 0.031a 091a 7.1a 0.83b 43a 1.2cd

ZMean separation within columns of each year by LSD at « < 0.05 (n = 40).
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Table 5. Effect of rootstock on yield,
yield efficiency, and fruit skin
color of ‘BC-2 Fuji’ apple fruits in
1998 and 1999.

Element concentrations (based on dry weight)

Yield Yield efficiencyZ  Fruit color
Rootstock (kg/tree) (kg/cm?) rating (1-5)Y
1998
B.9 9.4bcX 076a 3.01 bc
M.9 NAKBT337 11.0 ab 0.60b 3.36a
0.3 122a 0.50c 3.18b
M.26 EMLA 93c 0.33d 3.17 bc
M.7 EMLA 8.6¢C 0.20e 3.00c
1999
B.9 73c 0.40a 3.08 ab
M.9 NAKBT337 129 b 0.32ab 294b
03 12.2b 0.29 ab 3.25a
M.26 EMLA 216a 0.26 b 2.84 be
M.7 EMLA 10.4 bc 0.12¢c 2.66¢c

Zz’nelg) efficiency = yield per tree (kg/trunk cross-sectional area
cm

YFruit color rating: 1 = green progresing to 5 = uniform red.
XMean separation within columns of each year by LSD at o <
0.05 (n = 40).

‘Starkspur Supreme Delicious’ grown in
Massachusetts (21).

Spur leaves: Most mineral elements
of spur leaves were significantly affected
by rootstocks in both years (Table 2). Spur

Mixed-buds:

leaf N and K concentrations of trees on B.9
were significantly lower than those on M.9
in both years. Spur leaves of trees on B.9
had higher concentration of Ca than those
on other rootstocks in 1998 and than those
on M.26 EMLA and M.7 EMLA in 1999.
Spur leaves of trees on M.26 EMLA had
significantly higher Mg and Mn concen-
trations than those on other rootstocks in
both years, with exception of Mg concen-
tration of those on B.9 in 1998. The high-
er Mg and Mn concentrations in spur
leaves of trees on M.26 EMLA is similar
to the result observed for shoot leaves
(Table 1), and as discussed earlier, the re-
sult agrees with reports on other apple cul-
tivars (8, 21). Spur leaves of trees on M.7
EMLA rootstock had significantly higher
concentrations of K than those on other
rootstocks during 1998 and 1999. The
higher leaf K in these trees is similar to the
results of the shoot leaves, and is perhaps
due to the later fruit production of these
trees, resulting in less demand by the fruit,
and therefore, more accumulation of K in
the leaves. Generally, it is safe to assume
that for K status same rootstock differ-
ences were apparent whether shoot or spur
leaves were analyzed. )

Mixed-buds of trees on
M.26 EMLA had significantly higher Mn

Table 6. Effect of fertigation on mineral element concentrations of ‘BC-2 Fuji’

apple shoot leaves in 1998 and 1999.

Element concentrations (based on dry weight)

N Ca Mg K Fe Zn Cu Mn

FertigationZ (%) (%) (%) (%) (rg'g")  (gg) (kgg") (w99
1998

Low N 2.19bY 131b 0.29a 1.79a 79.2a 169a 95a 50.2b
Medium N 231ab 146a 024a 154b 777a 159ab 89a 554ab
High N 245a 1.48a 025a 147b 788a 149b 93a 89.4a
Medium N + K 241a 140ab 024a 152b 794a 154ab 96a 58.6a
High N + K 249a 1.30b 028a 1.49b 76.7a 151b 9.2a 59.6a
1999

Low N 193¢ 1.13b 026b 1.89a 65.5a 13.0a 6.3a 354b
Medium N 225b 1.43a 030a 1.42b 629ab 11.8a 7.2a 449a
High N 237a 139a 031a 1.39b 59.7c 114a 72a 479a
Medium N + K 224b 1.32a 0.29a 1.46b 634ab 121a 65a 41.7a
High N + K 238a 137a 031a 139b 60.8bc 129a 6.1a 453a

2Fertigation (nutrition) treatments: Low N, 22.4 kg N/ha; Medium N, 89.7 kg N/ha; High N, 156.9 kg N/ha; Medium N + K, 89.7 kg N/ha

plus 78.5 kg K/ha; High N + K, 156.9 kg N/ha plus 78.5 kg K/ha.

YMean separation within columns of each year by LSD at « = 0.05 (n = 40).
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Table 7. Effect of fertigation on mineral element concentrations of ‘BC-2 Fuji’
apple trees in 1998 and 1999.

El t ations (based on dry weight)
N Ca Mg K Fe Zn Cu Mn

Fertigation? (%) (%) (%) (%) (hgg')  (hgg")  (rog) (rgg")
1998

Low N 201c¢Y 2.15b 0.29b 146a 1189a 34.8a 128a 48.1b
Medium N 214b 238a 031ab 1.21b 1175a 319a 134a 54.7a
High N 223a 242a 032a 1.12b 1099a 31.0a 13.3a 581a
Medium N + K 218ab 2.33ab 0.32a 122b 1178a 309a 129a 53.0ab
High N + K 220ab 231ab 0.31ab 1.25b 116.2a 353a 11.4a 552a
1999

Low N 1.84c 2.06b 037b 152a 924a 266a 95a 37.1b
Medium N 219b 234a 041ab 1.08b 96.0a 21.6b 104a 46.8a
High N 226a 237a 043a 102b 982a 220b 96a 527a
Medium N + K 216b 229a 041a 110b 1047a 24.1ab 95a 481a
High N + K 225a 230a 042a 1.08b 989a 219b 96a 483a

ZFertigation (nutrition) treatments: Low N, 22.4 kg N/ha; Medium N, 89.7 kg N/ha; High N, 156.9 kg N/ha; Medium N + K, 89.7 kg N/ha
plus 78.5 kg K/ha; High N + K, 156.9 kg N/ha plus 78.5 kg K/ha.
YMean separation within columns of each year by LSD at a < 0.05 (n = 40).

concentrations than those on other root-
stocks in both years (Table 3). These
mixed-buds also had significantly higher
Mg than those on the other rootstocks ex-
cept M.7 EMLA in 1999 and than those on
all rootstocks in year 2000. Since shoot
leaves of trees on M.26 EMLA also had
higher Mg and Mn in 1998 and 1999
(Table 1), one could predict the status of

Mg and Mn in the next season’s mixed-
buds by the previous August shoot leaf
concentrations, and this subject deserves
further study. Mixed-buds of trees on B.9
tended to have higher Ca concentrations,
and the differences were sometimes sig-
nificant. Mixed-buds of trees on M.7
EMLA had the lowest N and K concentra-
tions in 1999, but the highest levels of

Table 8. Effect of fertigation on mineral element concentrations of ‘BC-2
Fuji’ mixed-buds in 1999 and 2000.

El N

N (h
ations (|

d on dry weight)

N Ca Mg K Fe Zn Cu Mn

Fertigation? (%) (%) (%) (%) (wgg")  (kog")  (wgg) (wog)
1999

Low N 1.99bY 223a 0.196c 089a 109.5a 54.0a 30.7a 236a
Medium N 212ab 1.93b 0.202bc 093a 1066a 484a 27.3a 242a
High N 2.36 a 183b 0.216a 099a 102.7a 50.3a 283a 242a
Medium N + K 225ab 200ab 0.206abc1.00a 1048a 50.5a 29.7a 24.2a
High N + K 2.20ab 1.94b 0.209ab 0.92a 107.2a 546a 283a 240a
2000

Low N 2.24b 1.78a 0.215b 1.05a 715b 56.0a 410a 222c
Medium N 241a 1.79a 0.230ab 1.06a 763b 56.9a 40.0ab 23.5bc
High N 2.43 a 168a 0240a 105a 864a 542a 373b 258a
Medium N + K 2.28b 169a 0238a 102a 857a 565a 373b 24.7ab
High N + K 2.43 a 167a 0241a 109a 83.1a 559a 37.1b 249ab

ZFertigation (nutrition) treatments: Low N, 22.4 kg N/ha; Medium N, 89.7 kg N/ha; High N, 156.9 kg N/ha; Medium N + K, 89.7 kg N/ha
plus 78.5 kg K/ha; High N + K, 156.9 kg N/ha plus 78.5 kg K/ha.
YMean separation within columns of each year by LSD at « < 0.05 (n = 40).
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these minerals in year 2000. This trend re-
versal was perhaps due to the increasing
tree maturity and greater crop load of trees
on M.7 EMLA in year 2000 (data not
shown).

Fruit:  Fruit from trees on M.9 had sig-
nificantly higher N than those on 0.3 and
M.26 EMLA in both years (Table 4). Fruits
from trees on B.9 had significantly higher
concentrations of Ca and Zn and relative-
ly lower concentration of K than those on
other rootstocks in both 1998 and 1999.
Similar to the situation in other tested tis-
sues, fruit K concentration of trees on M.7
EMLA was significantly higher than those
on other rootstocks during both years.

Yield, yield efficiency, and fruit color:
Trees on B.9 had lower yield per tree

than those on 0.3 in 1998 and than those
on M.26 EMLA in 1999 (Table 5). How-
ever, higher yield efficiency of trees were
inversely related to their trunk cross-sec-
tional areas (TCA, data not shown), vege-
tative growth (4), and shoot leaf K (Table
1). Trees on B.9 had smaller TCA, greater
yield efficiency, and lower shoot leaf K
than those on more vigorous rootstocks of
M.7 EMLA and M.26 EMLA in both 1998
and 1999 (Table 1 and 5). Fruits from trees

JOURNAL AMERICAN POMOLOGICAL SOCIETY

on M.9 had better color than those on M.26
EMLA, although the differences were only
significant in 1998 (Table 5). Fruits from
trees on M.7 EMLA had poorer color than
those on other rootstocks, because these
trees had larger canopies that resulted in
less light penetration which is essential for
color development.

Fertigation (Nutrition) Effects

Shoot and spur leaves: ~ Shoot leaf N
and Mn increased with every incremental
increase in the amount of N applied, and
the differences became more pronounced
in the second year of application (Table 6).
Shoot leaves of trees receiving low N had
significantly lower Ca but higher K con-
centrations than those on trees with medi-
um N and high N in both 1998 and 1999.
Based on ‘BC-2 Fuji’ leaf N thresholds de-
veloped by Fallahi et al. (11), leaf N con-
centrations in the trees receiving the low N
treatment was marginally adequate in
1998 and deficient in 1999 (Table 6). Sim-
ilarly to the shoot leaves, spur leaves on
trees with low N always had lower N and
Mn, but higher K concentrations than
those with medium N and high N treat-
ments during both years (Table 7). Other
than N, mineral concentrations of shoot
and spur leaves on trees with the medium

Table 9. Effect of fertigation on mineral element concentrations of ‘BC-2 Fuji’

apple fruits in 1998 and 1999.

Element concentrations (based on dry weight)

N Ca Mg K Fe Zn Cu Mn
Fertigation” (%) (%) (%) (%) (kg-g" (g9 (wg-g") (ngg)
1999

Low N 0.199dY 0.031a 0.036a 0.89a 51a 134a 36a 1.6a
Medium N 0.265bc 0.028 bc 0.032b 0.79b 45a 1.18b 3.0bc 1.6a
High N 0.302a 0.026c 0.032b 0.80b 46a 1.15b 2.7c 15a
Medium N + K 0.250c 0.029ab 0.033ab0.81b 52a 1.15b 3.1b 1.7a
High N + K 0.281 ab 0.028 bc 0.031b 0.78b 49a 1.12b 29bc 15a
2000

Low N 0.155¢ 0.020a 0.028a 0.83a 54c 103a 33a 1.2b
Medium N 0.181b 0.019ab 0.028a 0.77b 54c 089b 3.1ab 13ab
High N 0.225a 0.018b 0.029a 0.80b 57bc 080c 3.1ab 14a
Medium N + K 0.204ab 0.019ab 0.029a 0.79b 66a 085bc 3.0b 1.3ab
High N + K 0.221a 0.019ab 0.028a 0.80b 6.1ab 081c 3.1ab 1.4a

ZFertigation (nutrition) treatments: Low N, 22.4 kg N/ha; Medium N, 89.7 kg N/ha; High N, 156.9 kg N/ha; Medium N + K, 89.7 kg N/ha

plus 78.5 kg K/ha; High N + K, 156.9 kg N/ha plus 78.5 kg K/ha.

YMean separation within columns of each year by LSD at « < 0.05 (n = 40).
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N were similar to those with high N or
medium N plus K treatments.

Application of K together with N at the
levels applied under conditions of this
study was not beneficial. Lack of K ab-
sorption could have been due to two rea-
sons: 1) the NH,* ions in the urea nitrogen
in the medium and high N plus K treat-
ments could have competed with K* at the
site of absorption (16), leading to lack of K
increase in tissues; 2) the cover crop sod
took up most of the added K due to slow
movement of K in the soil.

Mixed-buds: Mixed-buds on trees re-
ceiving low N had significantly lower N
and Mg levels than those on trees receiv-
ing high N in both years (Table 8). Since
the shoot leaves on trees with low N treat-
ment also had low N during previous sea-
sons, status of the following season’s
mixed-bud N could perhaps be predicted
by analysis of shoot leaves with or without
fruit tissues. This prediction will provide
an excellent tool and sufficient time for
fruit growers to take a corrective measure
if mixed-bud N deficiency is predicted
during August of the previous season. Fur-
ther research should be conducted on de-
velopment of such predictive models.

Fruit:  Fruits on trees receiving low N
had relatively higher Ca, K, Zn, and Cu,
but lower N concentrations than those re-
ceiving other treatments (Table 9). Higher
fruit Ca concentration and smaller size of
fruit in trees receiving low N resulted in
higher fruit firmness in both years (data
not shown). Regardless of treatments,
variations between years were observed in
some fruit minerals, particularly in fruit N,
Ca, Mg, Zn, and Mn concentrations (Ta-
bles 4 and 9). Year-to-year crop load vari-
ation is believed to be the main reason for
inconsistent effects of a given treatment
(18, 23). Ferguson and Watkins (12) found
that fruit from light-cropping trees had
lower Ca and higher K concentrations than
did fruit from trees with heavy crop loads.
Temperature could also affect the rate of
spring shoot and fruit growth, and thus
could also influence mineral composition
of fruit tissue (23, 26).

Table 10. Effect of fertigation on
yield, yield efficiency, and fruit
skin color of ‘BC-2 Fuji’ apple
fruits in 1998 and 1999.

Element concentrations (based on dry weight)

Yield Yield efficiencyY Fruit color
FertigationZ (kg/tree) (kg/cm?) rating (1-5)X
1998
Low N 9.2 b% 045a 3.80a
Medium N 9.6 ab 0.44a 3.14b
High N 9.3b 0.50a 2.86¢c
Medium N +K 11.9a 0.52a 3.05 bc
HighN+K 10.5ab 0.49a 2.88¢c
1999
Low N 76b 0.19a 3.85a
Medium N 153 a 031a 2.88b
High N 136a 0.29a 260b
Medium N + K 143 a 0.28a 2.79b
High N + K 13.3a 0.32a 264b

ZFertigation (nutrition) treatments: Low N, 22.4 kg N/ha; Medi-
um N, 89.7 kg N/ha; High N, 156.9 kg N/ha; Medium N + K, 89.7
Il:g wna plus 78.5 kg K/ha; High N + K, 156.9 kg n/ha plus 78.5

g K/ha.

V\?elg) efficiency = yield per tree (kg/trunk cross-sectional area

cm?).

XFruit color rating: 1 = green progresing to 5 = uniform red.

“Mean separation within columns of each year by LSD at a <
0.05 (n = 40).

Yield, yield efficiency, and fruit color:
Yield per tree, in trees with low N treat-

ment trees, tended to be lower in 1998 and
significantly lower in 1999 than other
treatments (Table 10). Fruit from trees re-
ceiving low N had significantly more red
color than those from trees receiving any
of the other fertigation treatments, which
is in agreement with previous reports on
‘Starkspur Golden Delicious’ (8) and
‘Fuji’ (11). Under conditions of this study,
fertigation of N at a rate between 22.4
kg.ha'! and 89.7 kg.ha'! may be optimum,
as indicated by fruit color and yield (Table
10) and fruit size (4).

Conclusions

Rootstock affected mineral concentra-
tions of various tissues in ‘BC-2 Fuji’.
Trees on M7. EMLA had generally higher
K concentrations in various tissues of the
scion cultivar. Trees on B.9 had relatively
higher yield efficiency, and Ca concentra-
tions but relatively lower K concentration,
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except for mixed-bud tissues. Fertigation
of 22.4 kg N/ha resulted in lower N con-
centrations in every tissue, but higher K in
all tissues except mixed-buds, and the dif-
ferences were often significant. Fertiga-
tion of 156.9 kg N/ha decreased fruit color
without increasing yields, and thus is not
recommended as a commercial practice
under similar conditions. Addition of K
with N fertigation treatments had little ef-
fect on mineral concentrations in ‘BC-2
Fuji’ apple trees In either year. Mineral
composition in apple trees is affected by
many factors, particularly, rootstocks, ap-
plied nutrients, and crop load conditions.
The relationships among these factors
should be taken into account when inter-
preting nutrient analysis data.
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Thin Peaches According to Canopy Light
Leaving higher peach density in the upper canopy with one fruit every 15 cm versus
one fruit every 30 cm resulted in large fruit size. In the lower canopy leaving one fruit
every 45 cm versus one fruit every 30 cm resulted in larger fruit. Adjusting fruit den-
sity according to light level resulted in higher yield efficiency, reduced variability of
size and soluble solids and shortened the harvest window. From Caruso et al 2001 Hort

Technology 11(3):412-415.
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