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Abstract

The influence of nine apple rootstocks on
foliar mineral content was evaluated in Arkansas
(AR), Massachusetts (MA), and Ontario (ONT),
as part of the NC-140 1980-81 cooperative proj-
ect. Nutrient content of vegetative leaves was
analyzed for differences among rootstocks, lo-
cations, and years. Rootstock affected foliar
mineral content in some years but differences
were small and no rootstock resulted in nutrient
levels in a deficiency range. However, in low
pH soil of the AR site, the rootstocks MAC.9
and M.27 EMLA had high leaf Mn levels and
expressed Mn toxicity. Rootstock did not affect
foliar N level when data were averaged across
sites but there were significant rootstock differ-
ences in ONT and a significant rootstock by
year interaction in MA. Site was the greatest
source of variation for N and Mg content while
sampling year caused the greatest variation for
K and Ca. Across all sites, there were no root-
stock by year interactions. In AR, sampling year
accounted for the greatest percentage of vari-
ance in N, P, K, Ca, Mg, and B content while
rootstock was the greatest source of variation
for Mn content.

Introduction

Proper orchard fertility management
is essential for optimal growth and
crop yield. Fruit tree nutrient status
typically is monitored by periodic soil
and plant tissue analysis (5, 14). Leaf
tissue analysis to diagnose apple or-
chard fertility is based upon the as-
sumption that the leaf is the basic site
of plant metabolism and reflects
changes in nutrient supply. Foliar nutri-
ent levels vary with leaf position, time
of sampling, cropping, tree injury, pest
infection/infestation, and genotype.

Because of the tree compound genetic
system comprising commercial apple
trees, variation due both to scion culti-
var and to rootstock can occur (2, 8, 9,
12, 13, 15, 16, 17, 18). This paper
reports variations in foliar mineral con-
tent of ‘Starkspur Supreme Delicious’
in the NC-140 Cooperative apple root-
stock planting in Arkansas (AR), Mas-
sachusetts (MA) and Ontario (ONT).

Materials and Methods
General

‘Starkspur Supreme Delicious’ apple
trees were planted in 1980 and 1981 on
nine rootstocks, MAC.24, OAR 1, M.7
EMLA, M.26 EMLA, 0.3, M.9 EMLA,
M.9, MAC.9, and M.27 EMLA,
in 17 locations as part of the NC-140
Cooperative Rootstock Trial. Five rep-
lications were planted in each 1980
and 1981. Details of the planting, de-
sign, rootstocks, growth and cropping
have been reported (11).

Soil samples were obtained at plant-
ing from each test site and analyzed at
the Ohio Agricultural Research and
Development Center, Wooster, OH
(Table 1) to determine nutrient status.
Additional soil samples were taken
annually at the AR site. Leaf tissue
was sampled at AR, MA, and ONT as
described below.

Site Specific Methods

AR The orchard soil was a rocky,
sandy loam soil of the Linker series
with a 1-3 percent western slope. Trees
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received annual N fertilizer from urea
or ammonium nitrate (1988 only), ap-
plied at a rate of approximately 67-
200 g N per tree with the same amount
given to all trees in a given year. Boron
and calcium chloride were applied as
a foliar spray at a rate of 0.1-0.2 g/I
and 0.3 g/1, respectively, in 1987 and
1989. Potassium chloride fertilizer (0-
0-60) was applied at 115 g K/tree in
1986. Soil pH was not adjusted either
before or after planting. Trees received
supplemental trickle irrigation.

Foliar nutrient content was analyzed
from current season mid-shoot leaves
sampled between July 25 and August
15 each year. In 1981, the five replicates
planted in 1980 were sampled. In 1982,
three replicates each from the 1980
and 1981 blocks of the study were
sampled. In 1983-1989, all replicates
were sampled. Samples were rinsed
with tap water, forced-air dried at 70-
80 C and ground to pass through a
number 15 mesh screen. Leaf nitrogen
was assayed after a sulfuric acid/per-
oxide digest and distillation by micro-
Kjeldahl techniques (1982-1988) or
combustion by a LECO FP 228 Nitro-
gen Determinator (1989). Foliar K,
Ca, and Mg were analyzed after sul-
furic acid/peroxide digest by atomic
absorption spectrophotometry (1982-
1988) or after a nitric acid/peroxide
digest by inductively coupled plasma-
spectrophotometer (Thermal Jarrell
Ash Model 300 ICP) in 1989. Phos-
phorus was analyzed after a sulfuric
acid/peroxide digest using ascorbic
acid molybdate colorimetric method
(1982-1988) or the ICP (1989). Man-
ganese, Cu, and Zn analysis used a
nitric acid/peroxide digest followed
by atomic absorption (1982-1987) or
ICP (1989). Boron was determined
colormetrically using a azomethine-H
procedure (1982-1988) or ICP (1989).
Data were analyzed as a randomized
complete block, split-plot for planting
year (1980 vs. 1981 replicates). No
interactions between planting year
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(tree age) and rootstock were signifi-
cant (data not presented).

MA The orchard soil was a fine sandy
loam of the Scituate series with a 3-8
percent western slope. Trees received
annual N fertilizer from urea applied
at a rate of 200 g N per tree per year
beginning one year after planting.
Boron was applied to the soil around
each tree in 1986 and 1989 as borax at
a rate of 12g B per tree. From 1984-
1989, K was applied to the soil around
each tree as potassium chloride at the
rate of 270 g K per tree per year. Lime
was not applied to adjust soil pH after
planting.

Foliar mineral nutrient content of
mid-shoot, current season leaves was
sampled between August 1 and 15
each year. Following washing, drying
at 70 C and grinding, samples were
measured for N by micro-Kjeldahl
method and K, Ca, Mg, Mn, and Zn
by atomic absorption spectrophotom-
etry. Data were analyzed as a random-
ized complete block, split-plot for
planting year, with interactions between
rootstock and sample year as a model
parameter.

ONT Trees were planted on a Book-
ton soil series of a loam to very fine
sandy loam character with a 2 percent
slope. Trees received differential
amounts of urea fertilizer (200-450
g/tree) depending upon tree age, tree
vigor, productivity and foliar N level
to maintain uniform growth, cropping
and nutrient level. Sprinkler irrigation
was supplied as required based upon
tensiometer measurement of root-zone
soil moisture. Foliar mineral analysis
followed previously reported proce-
dures (4). Data were analyzed as a
randomized complete block.
Statistical Analysis

Data from each site was analyzed
separately. The AR and ONT data
were analyzed as a randomized com-
plete block with mean separation with-
in sample years by the Duncan-Waller
k-ratio test, 5% level. The MA data
were analyzed as a randomized com
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plete block, split plot for year. Mean
separation of the significant rootstock
by year interaction for the elements
N, K, Ca, Mg, B, and Zn and of the
main effect of rootstock for Mn was
performed by Duncan’s New Multiple
Range Test (P = 0.05). Data within a
location were further analyzed for the
main effects of rootstock (average
across sample years) and year (average
across rootstocks) with mean separa-
tion performed by Duncan’s New Mul-
tiple Range Test (P = 0.05).

Data from all locations were pooled,
and analyzed for the main effects of
rootstock, location, and year, using
site as blocks, with mean separation
performed by Duncan’s New Multiple
Range Test (P = 0.05). The data from
individual sites and years are presented
so that comparisons can be made rela-
tive to specific climatic or edaphic
conditions. The pooled data analyzed
for the main effects of rootstock, loca-
tion, and year are presented to address
specific questions about variation in
the overall cooperative study.

Results

Site Characteristics AR had the lowest
soil pH of the three sites and soil pH in
the tree-row root zone decreased from
5.7 to 4.9 during the trial (Table 1).
The AR site although low in P had
similar levels of K, Mg, Zn, and B
relative to MA and ONT. Massachu-
setts had approximately 10% of the soil
Mn as the other sites and the least
percent Ca base saturation. The ONT
site had soil Ca contents nearly twice
that of other sites. Cation exchange
capacity was similar at all sites.
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Analysis of Variation in Mineral Con-
tent Sources of foliar mineral content
variation were evaluated from the
analysis of variance sums of squares
of the three sites pooled data (Table
2). Replicate and plot were not con-
sidered in the analysis. Rootstock vari-
ation was significant for K, Ca, and
Mg but did not cause significant varia-
tion in N. Site caused significant varia-
tion in N, K, and Mg and was the
greatest source of variation for N (63%)
and Mg (43%). Sample year resulted in
significant variation in N, K, Ca, and
Mg and was the greatest variation of
K (44%) and Ca (51%). There were no
rootstock by location interactions for
N, Ca and Mg. However, a significant
rootstock by location interaction was
apparent for K although the interaction
accounted for the least variation. The
rootstock by year interactions were
not significant.

Variation in foliar mineral levels with-
in a site was evaluated from AR and
MA data (Table 3). In AR, replication,
rootstock, year, and rootstock by year
interaction were significant variation
sources, except for N where rootstock
effects were nonsignificant, and Mn
and B where rootstock by year inter-
actions were nonsignificant. Sample
year was the greatest source of varia-
tion and accounted for from 44 to 78

ercent of the experimental variation
or N, P, K, Ca, Mg, and B. Rootstock
was the greatest source of Mn variation.
In MA, rootstock, year, and rootstock
by year interactions were significant
at the 1% level for all elements with the
following exceptions: K for which root-
stock was significant at 5% level; Ca

Table 1. Soil characteristics of NC-140 cooperative rootstock planting sites in
Arkansas, Massachusetts, and Ontario, 1980.

Pounds per Acre % Base S CEC
Site pH P K Ca Mg Mn Zn B Ca Mg K %
Arkansas
1981 5.7 11 150 910 155 160 28 .53 34 10 29 7
1988 4.9 13 129 909 110 -- - - - - - -
Massachusetts 5.9 303 90 740 248 15 54 .78 16 9 10 11
Ontario 6.1 237 148 2180 114 180 7.2 .82 64 6 22 9
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Table 2. Sources of variation in foliar
mineral content of ‘Starkspur Supreme
Delicious’ apple on nine rootstocks
grown in Arkansas, Massachusetts, and
Ontario, 1980-1989.

Sums of Squares, as % of total,
from Analysis of Variance

Source N K Ca Mg

Rootstock 3 15°° 21° 17°°
Site 63°° 16°° 3 43°°
Year 22°°%  44°° 51°° 15°°

Rootstock®Site 4 10°* 12 9
Rootstock®Year 8 15 13 16

°significant at 5%, °°significant at 1%.

stock was significant at 5% level; Ca
for which the rootstock by year inter-
action was significant at the 5% level;
and, Mn and B for which the rootstock
by year interaction was nonsignificant.

Nitrogen Content Foliar N level varied
significantly in several sample years,
but when rootstock effects were aver-
aged across years, rootstock did not
affect foliar N in AR (Table 4). In
MA, a significant rootstock by year
interaction occurred. A trend was apparent
that trees on M.9 generally had among
the highest N while trees on MAC.9
generally had the lowest N levels.
Trees on O.3 and M.7 EMLA varied in
N content during the study. In ONT,
trees on OAR 1 had significantly higher
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N than on Ottawa 3, M.9 EMLA, M.26
EMLA, and MAC.9. Trees on 0.3 and
MAC.9 had lower N than other root-
stocks except in 1983 and 1985 when
rootstock did not affect N content.

When data from all sites were com-
bined (main effects), rootstock did
not consistently affect foliar N level in
6 of 8 years and averaged across all
years (Table 4). Trees in the AR site
typically had lower foliar N with the
exception of 1988 and 1989 when AR
had higher levels than MA. ONT had
the highest foliar N.

Potassium Content Trees on MAC.24
consistently had greater K contents
than other rootstocks in most years
and across all years in AR and ONT.
Potassium content decreased with time
in AR. Trees on M.27 EMLA were
lowest in foliar K in AR while M.9
EMLA and O.3 tended to be lowest in
ONT. No consistent trend of K in MA
was observed. When the main effects
of rootstock were evaluated across all
sites, only in 1982 and 1987 did root-
stocks affect K level. MAC.24 had
significantly higher levels of K than all
other treatments. Trees on M.9 EMLA
had lowest K levels, although there
were no significant differences between
M.9 EMLA and 5 other rootstocks.

Table 3. Sources of variation in foliar mineral content of ‘Starkspur Supreme
Delicious’ apple on nine rootstocks grown in Arkansas and Massachusetts,

1980-1989.

Source N P K

Ca Mg Mn B Zn

Arkansas, 1982-1989

Sums of Squares, as % of total, from Analysis of Variance

Replication 3.5° 5.8° 8.9°° 3.9°° 4.5° 14.5 7.3°% 54.5
Rootstock 2.0 5.8° 21.2°¢ 7.2°* 15.1°°* 50.5°°° 22.8°° 452
Year 78.4°°° 62.5°°° 44.0°°° 723°°° 53.8°°° 28.7°°°® 656°° --Z
Rootstock®Year 15.8*° 25.9°°  25.7° 16.3°*  26.4°° 6.3 4.2 -—
Massachusetts, 1987-1989
Analysis of Variance Significance Levels

ROOtStOCk oo __X -] a0 s0o ado o000 LX- X}
Year XX ) —_ oco so0 oo eoco o00 (X X3
Rootstock®Year ° - A ° eoo ns ns eee

“significant at 5%, °°significant at 1%, °°° = 0.1%, ns = nonsignificant.

2Zn sampled only one year.
XP not sampled.



256

FRrUIT VARIETIES JOURNAL

KT OWT  O8YT  ABLT Q69T  T6R'T 9%6£F 98T ®9LT  9BET  EHLT 94T 9BesAy
su su
99’1 POQLP'T OqELFT  9q6K'T OdI8T  B08T 99eg6'T qe6gg Q€T €09 98T dEL9T 08T 9663 VING LW
2q59'T POaoy'T OqWFT  GeST POSYT  BIST U003 oTh'g Q96T °9gET LSBT  OL8T 96T O4lET 6OVI
Po0gT PLIT PSTT  POST POWLT  ®SLT OQEL8T qesss qe0v QeSS LT 96V% V8T O4EST 6N
PSy'T POCET POQLET POGGET  PYYT  99ST  POgg'l 2q02'g q@ET POVEE  6LT ST 99T OUELY VING 6 W
Pebl qe99°T Oqegy'T  POIET  %6ET Q6K PLST 20v'G q0e% PTG 08F O9I%  KLT 9T €0
Po6Y'T PSI'T POSET POQPT  POYT QIS Oq¥6s'T 2q8g'g qeses  °qL6T I3 9q°9ST  bLB OqeIvT VING 95
PoqLST pogge’T  qesST  q0ST POSYT  QEST POgRLT qe6g'g qegeg OqgeT  OLT  9U6ST 6L PILT VINE LN
qBLT oqegeT  qEEST  QFT  qE96T 68T  GELET €l9g ¥geF 09T B8T  PELT 98T OqeehT 1 4VO
€16 ®EQT  ®89T  ®E6T P90  ®68T €80T qe19g qegys  °49e's  GLT  PILT 9L QFI9T VZOVIN
LouejuQ
20T BET  96TT  G6TT 98T 99T  PIET  ESET aBesany
06T 0T OqIET BT 94807 €%  9qSTT QPTG ELET QLT VING LT
BT 60 PIST 90T 9960 g QI3 PBT  ®6C% G137 6OVIN
61T ®00T qeekT 9907 qE0FT 9T BIET Q80T  ELET OQRSET 6N
9TT  ®0T  O%T 90T  ®ET 0% 908% GEOTT  ®95T OQEEET VINE 6
6T  ®GI'T oqegyT  ®9gT  B0ET €63 GELZT P206T  EET  ESET €0
LT ®B0T 98T Oq8T'T qe0sT %% qS1'C QEETT  ELET OqRCET VINE 98I
T ®UT °QIeT  QLUT  ege'T €% q¥G8T ®SET  UEET  94IgT VING LW
BT ®00T 88T 8Ll qEQR'T 083 q®88% QROIT TG O461T I 4VO
hng-:.—nvammﬂz
9PgET SPEET OP9ET POIET  OCTT oqET WS  EILT vy q61'c P98 PIET 9691 9L0% dIET  Q6IT xoBeIAY
su su su su su su su su
POTT  OTT  OET PEOT POOT  O/80 PO6ET POWET QEELT 13 89 qeegs 88T qUET WS POAKOT  960T K1 VING LT
PPGET 0BT 90T POOT P60 °q¥GI'T PO0ET POALST qESLT 0%  66% qerl's LT OqI8T 09T Podgel 98T SIG 6OVIN
°96€T  SIT 9T POOT'T  ®BIST qe9r'l 9qeee'l  ®oLT  ©80'3 %% €% qELIE 96T °89T 9T PS6T 9ERGT €6 6N
PoLET ST 0GT PPG6T'T POIGT 9960 POSE'T °9wggl  qech'l 0% oG qeele 88T FOIG LT PoAI0G 9eL5% L0 VING 6 W
POIZT 61T  €I'T PO4GE'T 99¥ge’T OQeITT 9qese’T  PLET  4AIT'T 91T OvG 9d°S6% I8 OqeeT 98T POSET  PIFG 69 €0
qegyT  8ET BT Q66T  BLST  BET qeesT ARILT 66T 0% €% aw9I% 8T oqECg’l 197 PogEET TG 61 VINE 9B
PET  9TT  BI'T OqgeT °qege’T  ®86T POEET POSET qe08'T LIT  s¥3 esyd €8T ®60T 99T ®6GT qeEET 607 VING L'
POqeET  ETT  GET OqBET qESVT qQELIT  P9ET POTFT  qEEHT 3 998 996T VBT O°qE8T GO 9E6IG  ®6ET  €0C 14VO
®%ST VT IST 89T qeEKT  ®9ET  BRLT  ®SST BRI SI's 193 9% V6T qe80% 9T qU08T TG SI%T VEOVIN
LSesuery
BAV 6861 8861 1861 9861 o861 P86 €861 861 xPAV 6861 8861 861 9861 <861  vs6l €861 @86l PoIs
(w &p g) X (w Ap g) N

"0661-3861 ‘oLrEUQ pue
‘SPASNYIESSERN ‘Sesuediy Ul Juajuod ()) umissejod pue (N) USZ0IHU IBI[0] U0 SHO0ISJO0I JUIU JO OUIN[JUL 3Y T, § IqBL



257

>

FoLIAR NUTRIENT CONTENT OF ‘STARKSPUR SUPREME DELICIOUS

01 G Ajorewarxoxdde sem Yy uroj soox
JO JUSIUOD U TRI[O] SIUBMINN] L3Y10
'$9}IS I9Y3I0 Ul S99.4 UBY) S[OA9] SN
1PYSIY pey VN Wl S9al], 'pauIquiod
9IE SIBIA pu® S9)IS [[ WIOIJ B}ep Usaym
PaumMdd0 pusx) dwes ayJ ‘(g 9[qeL)
SO)IS [[e 18 SN Jeo[ 1s9yS1y o3 pe'y
Apueisisuoo VTINT 98N U0 991l
*SIBIA [[e SSOI0®
paSe1oAe [9A9] ®)) 109)je AQUEOIIU
-B1s J0u PIP 931G "9)BIPIULIAUI SHO0IS
-]001 IS0 YIM 1S9MO[ 3} ¥Z'DVIN

‘[PAS9 BD 159YS1Y 93 PBY 6 N UO s9a1
T9AIMOY ‘sTRIA SSOIOR POBRISAR USYAM
'SIe9A JSOUWI Ul [9A9] B)) IBI[O} 309)je
j0u pIp poisjoor (g d[qe]) paurq
-UI0D 9I9M SIS [[B UIOI] BIEP USYA\
8D 1S9MO0[ 9y} peY ¢'(Q U0 s93n
PpUue $}003s Jsowr uey3 €)) 19Y31Y Ajued
-Jludis peq 6N PUe VINA 6'W U0
s394 INQ U] 3S9MO[ 919M T Y U0
sean aIyM D) 159431y pey 6'DVIN pue
VIINE LEN UO S991 ‘YA U] '153M0[ o1y
V&' OVIN PUe VIINE L' PUE 5jusjuod

€D 159YB1y oy pey 6 DVIN PUE ‘6’
‘VIINA 6N U0 $331], *(g 9[qEL) sTeak
IS0 Ul PA.LMOI0 SIOUSISJJIP HI035}001
JUBOHIUBIS Inq /86T PUE C86T ‘GS6I
ur Juojuod ey Jeo[ Ie[ruals pey yy ur
S99I], Ju2uo) .Eggme N puD wmomw)
I
Ul }S9MO[ 9y} pue ggel ur @oﬁ%%%o
Buroq S[@A9] 159YBIY oY} YIm Apmys
oy} SuLmMp PaseaIddP [9AJ] Y ‘SHO0IS
pue S3JIS [[B SSOIOY °"S3JIS I9Y30 uey)
S[oA9] Y 194Sry pey a)s LNO YL

JUIIRIIIP ApueoyTuBIs Jou = su

‘[9A3] G 459} aBuey S[dRMN MAN UBOUN(] AQ JBI) 10J SMOI SSOIOB PUB ‘3}G PUE }D0)S JOJ SUWN|OO UNGIm uoneredas UBajy 'salls 3a1qy 3 jo wep pajood ..8 SI942 URW

*[9A3] %G 159} aBuey JdRMW MIN UeoUN(] AqQ BEP VI JO UORIRI

1 1894 Aq OO0y jou

uBIN

‘[2A3] 3G 1591, 28uey ajdnmpy mopN ueoun(q Aq 9BeIIAY 10 JUSWI[D UB UIYILM SMOI SSOIOB 10 .o._u PuUB STWN[OD UM nonsnum UBdy
'[9AS] 3G 159) OREI-Y JA[[EA\-UBOUN(] Aq SUWM[OD UM uoneredss UBI,

PPU'T 9631 9067 92T 21T qQ8ST 92T  ®8L'T qgee  OET'G 2981 2981  °q3ec q06C  ®eST  q%ET ELL).
su su su

BI9'l - - BPT BT BT BRLI 69'T 98T hisxd - - ®6EG  ©8EC B9LC  ¥GSC  BHLT  ®ShT ouguo
28T 9901 LT qer'T  qer't - - - - qIee q€6¢ 990G qI€T  ®SET - - - - SHasngoesse
qee'T  ®¥Go'1 ST 9931 Qqelgl  qsT'T  qeb't 1 i %60 ®O¥'C ®IT  298'T qI6T qQ69'T 9L0C qIEE 961 sesusYIy
s

su su su su su su su su su su su su
3qse’T 0t €T 29631 Lrt L ST IST qees’l 0€e (144 812 133 QLT qegEC e 61c VING TN
G9e'T (401 62T  29T'T 't el 6v'1 69T qes8'l L1'g 86 86'T 1141 P60c  °9eT3 (149 9 6OV
2q0¥%'1 80T €T 9EI'T 0e'T €31 9T SL'T qese’l 9T 9ec ore V53 POqeEEs 2q¥GET 1544 8€T 6N
%E'T STl YT 96’1 VAl 8T'T ST 65T o981 (49 €8T 11e 144 61'c 2q®SEC °q¥8ET 1149 15e VINZ 6N
d1E'T 't 02T oq8e’T ee'T 131 L1 8T LT ST LK 80'C 8% GI'c  qeeee 2907 857G Lve €0
Ligat €1 A G (X ST 68T Wi 9T qe8°1 (X4 Se'e SIe 81% SI'e  PO9I'G 2qBL3T 853 0ee VING 86N
3Q0p°1 't T 29631 o'l 68’1 18T 8b'T 2qBLL'T (444 €T L£T SIe PQeIEE BT 95T 0e VING L'
qer'l 0wt 0eT  qeFI o't 1e1 91 S9'T 2qBL'T 63°c ov'e €0 617 GGG POQUGEe  ®8YC (4xg 9°C 14vo
BGL'T w1 ST ®9LT 9T 91 06T 8T BTG e 193 @e 05 T Poq0eT  ®9PT 6s7% 88T VoOVIN
SO U
‘Bay 6861 8861 L861 9861 S861 861 €861 861 x3ay 6861 8861 L8861 9881 S861 861 €861 @861 10018

(" A1p 3) )

(‘W L1p 3) N

*(panunuo)) °y d[qeL,



FRrUIT VARIETIES JOURNAL

258

®850 9660 A0 P50 PLEO  PSGO ®6LT Q86T 980T  OgTT 9g6I'T 94SI'T aBesany
POLB0 9PGE0 480 9PSE0 POE0  PG0  IPEGO 29951 2qUT  EGHT SPOQYT  POFIT  OI0T  O4BI'T VIWG L5
qIgo 3p29E0 94860  G9E0 9E0E0 APIE0  9ESEO qeLe' oqeLT  qeET  EPT TG QLT 94gI'T 6OVI
2q0£0 9qE0y'0 9650 POGEE0  P6TO POG0 qTGT0  ELKT QRI0T  SKST POASOT OG0B  BSLT  qEHET 6N
e0 qegr0 9630 °qSE0 9660 29650 qELTO eIgT BT ESPT QT qeEET  wMT  EIVI VING 6 W
PLB0 3pKED 9660 9POE0 PGB0 2660 9150 P80l POIgT 90T 9PYE0 %660 990 9660 £ TMEN0
£9g°0 ®h0  FLE0  EIFO  BEE0  ¥GE0 €850 2q.5°1 oqIgT qEEET  OQPTT PORIT  960T OOl VIING 95
qIe0 PO9EE0  qIE0 POGE0 9950 POLG0 €8GO POqOET 2qg,T °qET'T °PqG0°T POSOT  OKOT  A9T'T VINE LW
PIG0 %E0 OG0 9L50 PEEO  96G0  9ELBO POgI'T PHT 99gI'T %80 9P90T ST qQEHET 14v0
Pog30 PO9gE0 2450 9850  PEGO  PYE0  9°HG0 PG’ 2q9LT P10 SP0G0  JOS0 9907 940T'T V6OV
LOUGuQ
B9E0  BLG0  B6E0  ESE0 IT 980T Q98T wGHT aBesany
QE0  BEEO PIED L0 EHO el qeSIT  BET BT eeLT VING L5 W
96E0  BED POEEO ATHO  EED eIPT  BIET POQROT  BIST Qe 6DVI
qSE0  ESE0  PIE0 04gE0  QuE0 QEeeT qTgeT 98T ERT oqeg 6N
UF0  BEO OABE0 4SO  QLE0 2qggT  SqITT A¥T'T  998T  PIOKT VIWNG 6 W
9gE0  ®TSE0 POEO 940 9BE0 %pZIT 9qgI'T  PEE0 9A9IT PGl £0
Y0 EOK0  PGFO  EKO  EEbO POST'T 9407 PO99OT OQLIT POOHT VING 95 W
q8E0  ESE0 QTGO 9EGKO  AECO %PROT 960 POL60  O10T  PIET VING LW
Q9E0  ESE0 OALE0  9PE0  9SE0 20T 9660 PIE0 9660 PSET 1¥vV0
(SNASNYIBSSBI\
%0 qUIE0 9P9E0 d8E0 POSEO  PEE0  EGE0  9q0E0 PI60  99TT PEOT  9GT  96L0  98ET 96T  ®9ST xoBeseay

su su su su su su
qeIE0 POAVE0 P60 BEE0 630 950 ULO  £E0 L0 QEITT 99880 9960  SOT OQETT  bLO 99EHT 40T 8ST VIWG L5
220 POEE0 OG0 9UE0 860 L8O 2080 680 Ave0 qeSTT  qUg60 °960T  SOT  TGWT  OL0 O4SeT Oq%eET  bST 6DV
250 PIGO %650 %0  S60  SE0 qE9E0 €80 e ®ET 9qE060 9480T 0T 9qEEET €80 qE0ST deEET 86T 6N
2qe630 °qBE0 POIE0 Y860 660 660 OqEE0  I€0 9950 ®BET  EOT  eIET 0T 9301 860 el 29wET LT VING 6
24850  PEE0 POIED 99eSE0 980 L8O 20E0 00 QRSE0 qE9T'T °9EHG0 OQeIST 10T QRIET 280 °qEekT 40T 08T £0
¥E0  TL50 ®BE0  USE0 €50 0C0 °AgL0 L0 98B0 QeET'T °queg0 UEST €01 OQEET 690 96T O460T 9T VING BN
QeIE0  ®50 QELE0  EL50 850 630 qWE0 KO0  QPIE0 90T 9680 9T 960 oB0T 080 9081 OMOT  L¥T VING LW
oL50 POEE0  PSGO O4EE0 980 960 90E0  0E0 QEIED ®IT oqeee0 4SO 90T  FGFT 980 OqeeT KT SST 14V0
Q2080 PEE0 O9¥E0 ®LE0  GEO 00 OqBE0 0 9560 990T OT§0 9960T 680 OUOT  S90 qeGHT OGETT ST VOV
ZSesueyry
BAV_ 6861 8861 861 9861 <86l ¥R6I  £861 _ Gs6l x3AV_ 6861 §861 1861 9861 <861 ¥e6l €861  TBGI P

(w &ip'g) S (w &ipg) v

"066T-186T ‘OHEIUQ PUE ‘SPISNYIESSE]N
‘sesueyIy Ul Juojuod (3p) wmisouSew pue (8)) WNLO[Ed IEHOj UC $I0JS]00I1 dUIU UO IDUIN[JUI Y], °G I[qeL,



259

)

FoLiAR NUTRIENT CONTENT OF ‘STARKSPUR SUPREME DELICIOUS

‘(pajussaid jou
81ep) S[9A9] UZ ISOMO[ PeY y'OVIN
Pue VTNA LN UO $9913 gy ul ‘A[xe
-Tuig (L 9[qEL) 1semo] a1om VTNA
LN uo pue uz ul 3soy31y a1om A[[e
-O1d4} VTN 98N UO $9913 VI Ul

‘6861 PU® ‘9861 ‘G861
ul S}09JJ9 HO03S}00I OU IIIM JIY],

"9JEIPOULIOIUI 9ISM SYO0)S)00I IIYI0
UO $93I) IIYM 1S9MO[ 9} T YVO pue

6N ‘SIudU0d J 1s9ySIy 9y} jo pusn
& peq VINH LN UO sea1], *(L 9[qEL)
yv u Auo pojdures sem J I1erog
‘S[OAS] { 1S9MO[ 9} pPeY
Aqreord4y 6" pue ‘VINA 6'N ‘VINA
9% N U0 s99a1], (9 9[qe]L,) (s1ea4 ssoioe
98eIoAR) VN pue (SIB9A ssoroe o8e
-19A® PUB 1894 [0B3) YV UI 5}0015]001
I9Y}0 U0 S99I) UBRY) S[@A9[ g Iay3Iy
ApueoyIudis pey T Yy U0 soal],

'$3[0035}001
I9Y}0 uByj UN JoMO[ ARUeBdJIUSIS a10M
€ 'O U0 5991 pue Ioy3s1y Apuedijiusis
PeY VTNH LZW UO seon ‘YN uf
“JUSJUO0D U 1S9MO[ oY} Pey T YV pue
VTINA LN UO $991) 9[1ym 9FRISAR Y}
sown ¢'T Buryoeoidde ‘s00351001 19Y}0
UuBy) S[@AS] U JoySny pey A[eordAy
6'OYI PUE ‘VTINH LGN U0 5901 gy
uf *(9 9[qEL) VI UEq) 19431y p[oj-0T

Jua1ayyip Apuedyrusis jou = su

‘[9A9] %G 1591 9Buey S[ANINN MIN UBdUN(] AQ 1e3) 10] SMOI SSOIDE PUE ‘3)IG PUE HOO)S 10§ SUWIN0D UNPIM UOKEIRdas UBIJN SIS 913 a1y jO eiep pajocd I0f $109)J2 Ul \
‘[9A3] 3G 159} aBury a[dninjy moN uedun(] Aq BIEP YN JO UORDEIAUL JBIL Aq 40035)001 Jo uoneredas uedpy 4
‘[oAd] %G ‘1591, a8uey adu[njy moN uesun(] £q 38e19AY 10j JUSUISJO UE UIYIIM SAMOI SSOIOE ‘SIYS PUB SUWIN[OD UM uoyeredas uespyy
‘[oA9] %G 1593 OnEI-Y J3[[EM -UBDUN(] AQ IS pUE SUWIN[OD UM uoneredas UBSpy,

29620  BE0  BKE'0 qQEEE0 °Q0€’0 990£0 °9080 950 PAIOT 993T'T  ®9E'T qeIET PE6'0 qeL3’T oqe6I'T  ®SE'Tl ELE) §

su su su su su
q62°0 - - B0 Q620 ®EE0 450 950 S0 51 - - LT QBT BLOT  QET'T 8I'T  qQsT'l ouejuQ
®8E'0  BSE'0  BLE0  ®6EL0  ®SE0 - - - - €T ®I'l 80T 992’1  ®GH'I - - - - SHasnyoesse
q66'0 Q0 qIe0 9980 9630 9680  BEE0  ®BEQ 0g0 SI'T  qI6'0 oT'T  %0T qge'l q6L'0  ®6E'T 6I'T  ®S'l sesuexy1y
aNs

su su su su su su su su su su
qIe’o 906’0 °9ge’0 °qge0  qEVE0 150 1€°0 g0 €0 2qegz’l 101 ST'T el 'l 680 621 90T 2q®E'T VING TN
qreo  qoe0 9650 °9Se0  qEEE0 €0 0e'0 €0 R 2qege' 1 STt 60'T 'l JAal or't 0e'T ST TPIqeee’T 6DV
q0€0 986’0 °q0£'0 °9ee’0  QOE0 620 €80 0g'0 S0 Bl 90’1 181 6¥'1 'l 001 Se'l T BI9T 6N
qze’0 qeIe0  9SE0  qUeE0  q3E0 €0 €0 0t0 0 qege’l 80'T €'l 0s'1T 0e'T mt er'l SET  qEes'T VING 6N
9620 9620 °9ee’0 °9gE0 9650 62°0 90 50 860 oqegT'l €01 a1 91 051 880 Lt 80T  PIOT €0
B9E'0 B0  ¥GP0  B0P0  ®8E0 980 €80 €80 820 oqe6T'T 86'0 ST'T ' LR 60 €61 601 Poqege’T VING 92N
qze’0 qeIE0  BOP'0  9qB9E0  qIE0 €0 1£°0 €0 0g0 2qIT'T 680 80°T ST ST'T 160 STT P01 PAqgET VING L'
Q660 Q660 ©°qee0  °I1E0 9830 g0 L0 Zo 620 oqepT'l L60 860 'l 9T $8°0 @'l Yol 2qe0y'T T HVO
Q660 %60 90 2qge0 q0E0 660 8¢°0 g0 920 280'T 180 60'1 e W'l 8L'0 8T'T or'T  PoEe’T VoOVIN
v—OOum
w109 urey
‘Bay 6861 8861 1861 9861 S861 ¥861 £861 2861 x'3AV 6861 8861 1861 9861 S861 861 £861 3861 BP0I§

(" £1p g) S

(" L1p g) &)

"(penunuo)) °g J[qeL



260

FRUIT VARIETIES JOURNAL

Table 6. The influence of nine rootstocks on foliar manganese (Mn) and boron
(B) content in Arkansas and Massachusetts.

Mn (ppm) B (ppm)
Rootstock 1984 1986 1987 1988 1989 Avg. 1987 1988 1989 Avg.
Arkansas
MAC.24 268bc? 200b  310b 249b  257bc  54.5ab 35.7b  45.1b
OAR 1 223¢ 184b 306b 260b 24lc 60.0a 41.2a 50.1a
M7EMLA 227c 193b  299b 225b  236¢ 50.5bc 34.9b  43.1bc
M.26 EMLA 315abc 229b  296b 249b  274bc  44.6cd 338b  39.2cd
03 302abc 214b  356b 252b  285bc  50.4bc 34.5b  43.0bc
M.9 EMLA 287abc 191b 301b 244b 259bc  46.4bcd 34.0b  40.2bcd
M9 227ab  226b 348b 271b 296b 39.4d 32.5b  36.0d
MAC.9 378a 306a 509a 396a 392a 50.0bc 35.2b  43.8bc
M.27TEMLA 276a 363a 522a 422a 415a 49.3bc 32.3b  41.7bc
Massachusetts
OAR 1 48 86 60 62 64d 58 52 48 53a
M.7 EMLA 45 78 54 54 58d 46 40 42 42cd
M.26 EMLA 56 91 65 65 70b 46 39 42 42cd
0.3 37 66 37 49 47e 47 41 39 42cd
M.9 EMLA 39 76 47 56 56d 44 39 40 4lcd
M.9 41 79 43 58 55d 45 40 39 41d
MAC.9 46 78 43 57 56d 50 43 41 45¢
M.27 EMLA 95 110 95 98 100a 55 42 48 48b

ZMean separation within columns and sites by Duncan’s New Multiple Range test, 5% level. Main effects of rootstock (Avg.) mean
separation statistics are shown for MA. ns = not significantly different.

Correlations between mineral con-
tent, yield and growth were calculated
for AR (Table 8). Although individual
mineral element contents were signifi-
cantly related to each other, to yield,
and to trunk cross-sectional area
(TCSA), none accounted for more
than 36 percent of the variation
(N * Zn, r = -.60). It is interesting to
note significant negative correlations
between yield and the elements K,
Ca, Mn, and B, and between TCSA
and Ca, Mg, and Mn.

Discussion

Site-specific management and soil
characteristics account for some dif-
ferences in tree nutrient content. Site
was the largest source of variation for
N (Tables 2 and 4). This variation in N
could have been due to the different
rates of annual N fertilizer applications
at each site (see methods) or climatic
and/or edaphic conditions (Table 1).
In most years, less N fertilizer was

applied in AR than either MA or ONT.
The AR site, with low soil pH, may
also have had limited N availability
and thus low leaf N compared to
other sites.

Soil pH of the AR sites may have
affected other nutrient levels. Trees in
AR were low in P (Table 6), perhaps
below sufficiency ranges (14), due to
low pH as well as low soil P (Table 1).
Low foliar Zn (average 14.8 ppm) and
Cu (average 5.2 ppm) in AR may be
attributed to soil pH. Conversely, trees
in AR had very high Mn levels (Table
6) and expressed symptoms of Mn
toxicity-induced internal bark necrosis
(3). Manganese toxicity had been asso-
ciated with low soil pH. Massachusetts
had low soil Mn content and Mn levels
substantially lower than AR.

Although ONT had higher soil Ca
levels (Table 1), trees did not neces-
sarily have higher Ca levels when data

of rootstocks and years were averaged
(Table 3).
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Table 7. The influence of rootstock on foliar nutrient content of phosphorous
(P) in Arkansas, and zinc (Zn) in Massachusetts.

Rootstock 1982 1983 1984 1985 1986 1987 1988 1989 Avg.

Arkansas® P (%)

MAC.24 0.11ab* 0.12ab 0.1l1c 0.11 0.11 0.05d 0.130a 0.11 0.108bc

OAR 1 0.08cd 0.12ab 0.11c 0.11 0.11 0.04d 0.115bed  0.11 0.102¢

M.7 EMLA 0.11ab 0.12ab 0.15a 0.12 0.11 0.09a 0.127ab  0.12 0.119a

M.26 EMLA 0.13a 0.13a 0.11¢ 0.11 0.11 0.09a 0.121ab  0.11 0.110abc

0.3 0.09bcd 0.11ab 0.14b 012 011 0.04d 0.118abc  0.12 0.111abc

M.9 EMLA 0.07d 0.13a 0.14b 0.11 0.11 0.07abc  0.118abc  0.12 0.112ab

M.9 0.11ab 0.11ab 0.1lc 0.11 0.11 0.07¢ 0.103bed  0.11 0.102¢

MAC.9 0.10abc  0.12ab 010c 010 011 0.07bc 0.108cd 0.10  0.105bc

M.27 EMLA 0.1labe 0.10b 0.1lc 0.11 0.10 0.09a 0.105d 0.11 0.105bc
ns ns ns

Massachusetts Zn (ppm)

03 56cd  55bc 30b 27cd 39

M.7 EMLA 52d 34d 32b 24d 35

M.9 EMLA 66ab 48b 33b 29cd 42

M.26 EMLA 63abc 46bc 38ab 27cd 43

M.27 EMLA 73a 64a 45a 53a 58

M.9 66ab 63a 3%ab 34bc 50

MACJ9 67ab 64a 33b 40b 51

OAR 1 62bc  38cd 33b 24d 38

ZMean separation within columns for Arkansas data and for rootstock by year interaction for M h data by Duncan’s New

Multiple Range test, 5% level. ns = not significantly different.

Foliar mineral content was affected
to a greater extent by location and/or
year than by rootstock when sites were
compared or comparisons were made
within sites. The interactions of root-
stock and year or location were mini-
mal or non existent when data from all
sites were pooled. The rootstock by
year interaction was significant for
several elements (N, K, Ca, Mg) in AR
and MA, but accounted for a smaller
percentage of the variation than did
year. Other reports have indicated
weak or no interaction between root-
stocks and cultivars (2, 13, 15, 16, 17,
18). Together, these observations and
reports indicate that the variation due
to rootstock is a consistent phenomena
and foliar nutrient content is attenuated
by cultivar, location, and year.

While rootstocks did affect nutrient
content in some years and sites, N, K,
Ca, Mg, B and Zn levels were within a
range considered adequate or suffi-
cient (14) and no rootstock resulted in

a specific nutrient deficiency. How-
ever, in low pH soil of AR, the root-
stocks MAC.9 and M.27 EMLA re-
sulted in Mn levels twice that of
reported sufficiency levels (14).

As was observed in this study, other
reports noted variation of some nutri-
ent contents due to rootstock. Gener-
ally, rootstock has been reported to
have minimal or no consistent effect
on N and K levels across a number of
sites, years, and cultivars (2, 13, 15, 16,
17, 18). Reports of rootstock variation
in N and K ranged from 5 to 10
percent of the mean within studies
and may have been due to differences
in crop load, vegetative growth, or
variability in sampling. In AR, K, Ca,
and Mg were most variable with co-
efficients of variation of 24, 28 and 21
percent (across years and replications),
respectively. These were greater than
the variation for N, P, and Mn.

Previous reports indicated that trees
on M.9 had higher foliar Ca and Mg
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Table 8. Correlation Coefficients (r) for foliar mineral contents, yield and

growth of ‘Starkspur Supreme Delicious’ on nine apple rootstocks grown in
Arkansas during the period 1981-1989.

Correlation Coefficients (r)

Variables Incr.
Inc. %Inc. Yield Yield
Variables P K Ca Mg Mn Zn B Cu Yield TCSA TCSA TCSA Eff. Eff.
N 28°°  mns ns .09° ns -.60°° ns ns 30°° s .09°° ns 700 13°°
P 16°°  .17°°  30°°  -.19°° -56°° ns ns 13°° -.09° ns 31°° 13°°  ns
K .36°°  .10° ns 22° ns ns -21°°  ns ns 29°°  -.27°° -21°°
Ca 24°° ns .28°°  ns ns -.19°° -27°° -19°° .16°° -2]1°° -l1l°°
Mg 24°°  ns ns ns  -11° -10°  .20°° ns ns
Mn .20° ns ns -19°° -34°° -39°° -30°° ns ns
Zn -- 3400 ns ns ns ns ns ns
B -- -44°°  ns ns -.34°°  -42°° -28°°
Cu ns ns ns ns -.58°° ns
Yield 70°°  40°° -27°°  T7°°  .32°°
TCSA 75°° -29°°  40°°  .14°°
Inc. TCSA J14°° 13°° s
% TCSA -.36°° -.25°°

Yield Efficiency

.48°°

TCSA = total trunk cross sectional area; Incr. TCSA = Increase in TCSA each year; £ Inc. TCSA = percent increase in TCSA each year.
Eff. = Yield efficiency (kg/cm? TCSA); Incr. Eff. = increment yield efficiency (kg fruit/incr. TCSA).
°° = significant at 1% level, ° = significant at 5% level, ns = not significant.

than trees on M.7 (16, 18). Data pooled
across sites and years suggest that
trees on M.9 had significantly higher
Ca, and M.9 EMLA and MAC.9 had
14 to 17% greater leaf Ca than M.7
EMLA (Table 5). But, no differences
were observed for leaf Mg. Trees on
MAC.9 had among the highest leaf Ca
compared to trees on other rootstocks
and the greatest difference between
MAC.9 and other trees on other stocks
(except M.9) was observed in MA. It
is interesting to note that Autio et al.
(1) reported that fruit from MAC.9
had higher Ca levels and were firmer
in storage than trees on other root-
stocks.

The rootstocks M.9 and M.9 EMLA
were compared in this trial and did
not significantly differ in nutrient con-
tents. Bould and Campbell (6) reported
that virus-free trees had higher nutrient
content than infected trees in the first
year growth but by the third year the
differences were not significant.
MAC.9, a seedling of M.9, had nutrient
contents similar to M.9 and M.9 EMLA.

When nutrient element content is
compared to tree size and production
data previously published (11), no con

sistent relationships between tree size,
productivity and nutrient content were
apparent. Likewise, correlations from
the AR site demonstrated that although
some relationships exist, tree size and
yield explain very little variation in
nutrient content. This observation con-
curs with Dzamic et al., (7) who,
working with ‘Golden Delicious’ on 4
rootstocks, reported no difference in
leaf mineral content attributable to
rootstock vigor. Lockard and Schnieder
(10) did not attribute rootstock-con-
trolled tree size and precocity traits to
rootstock differences in mineral
nutrition.

In conclusion, it is horticulturall
important to be aware of rootstocﬁ
caused variation in nutrient content.
However, differences caused by root-
stock were small and less variable
than either annual variation or between-
site variation.
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Micropropagation of
Cold Hardy Dwarfing
Apple Rootstocks

Micropropagation was achieved readily with P22 and O.3 with shoot pro-
duction and rooting increasing to high levels following subculture for 6-9
months. With P2 shoot production and rooting was low in spite of subculture
for 38 months. Nevertheless some improvement in shoot production on culture
medium with phloroglucinol (PG) and increased cytokinin, and 80-90% of
shoots rooted on medium with PG. With B.9 shoot production was similar to
that with O.3 but rooting remained poor in spite of subculture for 39 months. In
a line of B.9 subcultured for 4 years, 73% rooting was achieved in vitro on
medium with PG and 96% by direct transfer of shoots to sand following a dip in

IBA.

From Webster and Jones. 1991. J. Hort. Sci. 66:1-6.



