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‘Bing’ Sweet Cherry Leaf Nutrition Is  Ja et oy et o
Affected by Rootstock 57 kgha in Oct/Nov. 1991 and 1992 and

Spring 1993, all as ammonium nitrate (34N—
Gerry Neilsen and Frank Kappel OP-0K). For site 2, ammonium nitrate appli-
Agriculture and Agri-Food Canada, Research Centre, Summerland, B.C. §@igns of N at 76 kga* also were made in
170. Canada Oct. Nov.. 1989-90, but urea (46N—-0P-0K)

! was applied at 103 Kga* N in Oct./Nov.

Additional index wordsPrunus aviumleaf mineral concentration 1991-92 and Spring 1993 to accommodate

other plantings in the same field. Both sites
Abstract. Leaf nutrient concentration of ‘Bing’ sweet cherry Prunus aviumL.) was also received Production Guide (British Co-
affected by rootstock over 4 years in the Pacific Northwest. Trees on GM 79, GI 148/1, Gllumbia Ministry of Agriculture, Fisheries and
195/1, and GI 196/4, which had higher yields than Mazzard, also had lower leaf K and,Food, 1995) recommended Zn applications in
excepting GM 79, lower leaf Mg concentration. Use of Gl 195/1 and 196/4 resulted in lowetthe late dormant period (March—April) each
leaf N than use of Mazzard. These higher-yielding rootstocks will require greater attention year at 40 kdna® zinc sulfate (36% Zn).
to these macronutrients, especially on infertile soil sites. Micronutrient nutrition was little Annual measurements were made of yield
affected by rootstocks, which tended to have the low leaf Zn concentrations typical ofat commercial harvest and trunk diameter at
irrigated Pacific Northwest orchards. GM 9 and GM 61/1 rootstocks were more dwarfing 0.3-m height from which trunk cross-sectional
than Mazzard, with GM 9 leaves having lower K, but higher P, Mg, and Mn concentra- area (TCA)was calculated. Leaf samples were

tions. GM 61/1 had lower leaf concentrations of most nutrients relative to Mazzard. collected for each of the 4 years from 1990 to
1993 from all replications and rootstocks at

Rootstock affects leaf nutrient concentra- Materials and Methods each site. For site 1, leaf samples thus were
tions in a range of fruit crops (Brown and collected from the fourth to seventh and for

Cummins, 1989; Chaplin and Westwood, 1980; As part ofthe NC-140 cooperative trials orsite 2 from the third to sixth year after orchard
Fallahi and Westwood, 1984: Lord et al., 1985¢herry rootstocks, coordinated by R.L. Perrgstablishment. For both sites, these represented
Simons and Swiader, 1985). Research on tifé Michigan State Univ., two experimentalthe first fruiting years. Samples comprised 30
nutritional effects of cherry rootstocks hadlantings were established at the Summerlaridaves collected from the midthird portion of
been limited mostly to sour cherrPrinus Res_,earch Cen_tre quated ir_l southern interi@xtension shoots c_)f the current-years’ grovyth
cerasud..) (Hanson and Perry, 1989; JadczukBritish Columbia. Atsite 1, ‘Bing’ sweet cherry at f[he standard midsummer sampling period
1993; Ugolik and Hulobowicz, 1990). To ouron seven rootstocks, spaced at $.6.1 m, (mid-July to early August). All samples were
knowledge, little information has been reere planted in 1987 in a randomized comeven-dried at 65C and ground in a sta_lnless
ported for sweet cherry scions, althougtplete-block designwith eightsingle-tree replisteel mill. A 250-mg subsample was digested
Mazzard (F 12/1) rootstock resulted in highegations. Rootstocks at this site include GBIt ( for 0.75 h ona block. d.lgester at38in a
leaf K tharPrunus mahaleh. and higher leaf aviumx P. pseudocerasusindley), GM 79 H,SQ, solution containing KSO, and HgO.
N but lower leaf Ca and Mg than Colt (HansodP. canescensBuis), GM 61/1 P. Nitrogen in the digest was determined after
and Proebsting, 1995). Lower leaf N and K«dawyckensiSealy), GM 9R. incisaThunb  formation of a phosphomolybdenum complex
concentrations also were measured on thr&d®- serrulataLindley), MxM46 P. mahaleb (Technicon Autoanalyzer Il Industrial Method
sweet cherry cultivars grown on Colt relativeX P- avium), MxM2 and Mazzard, the latter No. 334-74 A/A; Technicon, Elmsford, N.Y).
to F 12/1 rootstock, whereas for P, differencegonsidered the standard or control treatmen®@ne-gram samples were dry-ashed at 475
between the rootstocks varied with cultivalfhe Mazzard rootstock was propagated bgnd dissolved in 0.8 HCI before determina-
(Ystaas, 1990). Hilltop Nurseries (Washington State) and wasion of Ca, Mg, K, Mn, Zn, Fe, and Cu by
There is continuing commercial interest ifMichigan-certified virus-free. Site 2 was atomic absorption spectrophotometfy.
cherry rootstocks, especially those likely to b&lanted in 1988 at the same spacing in a For each orchard site, leaf nutrient data
more precocious or dwarfing than Mazzardfandomized complete-bloc_k design with elghWere _analyzed by repeated measures analysis
the current standard in North America (perrﬁingle-tree replications of five rootstocks withof variance (ANOVA) (SAS Ins.t., 1985). Gen-
1987). Cropping is known to affect nutrient Bing’ sweet cherry on GI 148/P( cerasus  erally, there was a significant timeootstock
uptake and leaf concentration of appltajus  P- canescens Gl 195/1 P. canescens P. interaction with the exception of leaf Fe (both
domesticaBorkh.) (Hanson, 1980), but less iscerasu$, Gl 196/4 P. canescensP. aviun), ~ sites), leaf Ca (site 1), and leaf Zn (site 2).
known about the nutritional consequences dfIxM60 in addition to the standard Mazzard.Subsequent data presentation thus focuses on
heavy fruit cropping in cherry. Similarly, little The sites were within 200 m of ea_ch othefleaf nutrient means for each rootstock and
is known concerning the nutritional conseOn @ Skaha gravelly sgndy Ioam (Wlttneberygar. Cumulatlve yield during .the leaf sam-
quencesOfpotentia”y|essvigor0usrootstock§:986), a common frUIt-growmg soil Serlespllng pQrIOd,_ 1990—93, TCA in 1993, and
An investigation of the effects on leaf nu-located throughout the southern part of theumulative yield efficiency 1990-93 (cumu-

trition of several promising new cherryOkanagan Valley. No detailed soil samplindative 1990-93 yield divided by TCA 1993)
rootstocks was carried out over 4 years withas undertaken atthe experimental sites. Howvere subjected to a separate ANOVA with
‘Bing’ sweet cherry in the Pacific Northwest. ever, these Orthic Brown soils generally drairight replications for each site.

rapidly, have low water-holding capacity, low

organic matter, low N and P content, neutral Results and Discussion

soil pH, and overlay coarse-textured subsoils
- ranging from gravelly loamy sands to loamy Yield and vigorDuring the period of leaf
Received for publication 16 Jan. 1996. Accepted fagands. Typical surface soil samples from thisampling from 1990 to 1993, ‘Bing’ fruit yield
g‘éﬂ;?gté‘;r;tﬁbjﬁgyn }1%9%578”V’U?ggsrr]‘gwfézs?{ﬁgoiI series containedlNH,OAC-exchange- was significantly affected by rootstock at both
able technical assistance of B. Drought, A, l\%artin%ble Ca, Mg, and K concentraFions avgragingtudy sites, while average TCA at the end of
and M. Bouthillier The cost of publishing’this paper1047, 148, and 126)-g°%, respectively (Nel_lsen the project in 1993 was significantly gﬁeqted
was defrayed in part by the payment of page chargedd Hogue, 1992). Standard commercial prat site 1 (Table 1). At site 1, cumulative yield
Under postal regulations, this paper therefore mustuction practices were used to control insectsas significantly higher for ‘Bing’ grown on
be hereby markeddvertisemensolely to indicate and disease and irrigation was applied vi&M 79 rootstock than on Mazzard. Cumula-
this fact. under-tree sprinklers generally from May tative yield efficiency was higher for trees on
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GM 79 and GM 61/1 rootstocks. By 1993, Table 1. Average cumulative yield and yield efficiency, 1990-93, and average trunk cross-sectional area
trees on Colt were larger and trees on GM 61/ (TCA) in 1993 for ‘Bing’ sweet cherry grown on various rootstocks in two experimental plantings.

1 or GM 9 were smallerthanthose on Mazzara:

Cumulative yield Cumulative yield

The limited dwarfing capability of Colt in (1990-93) efficiency (1990-93) TCA
North America was previously noted (PerryRrootstock (kgltree) (kg2 (crm?)
1987). At site 2, rootstocks GI 148/1, Gl 195/ Site 1

1, and Gl 196/4 had higher cumulative yielg~: 19.4ab 0.083¢c 227 a
and yield efficiency than Mazzard rootstockgy 79 208 a 0.274 a 103 cd
despite lack of differences in tree size (TCAM 61/1 18.2b 0.248 ab 78d
among rootstocks. For some deciduous fruiM 9 6.6 ¢ 0.083 ¢ 74d
crops, especially apple, crop load can haveMxM46 23.3ab 0.156 bc 148 bc
major influence on leaf nutrient concentratiorMxM2 14.7 bc 0.085¢ 167 b
(Bould, 1966). Little work has been reportedvazzard 14.4 be 0.129¢c 144 be
onthis effectfor sweet cherry, although JadczuRtatistical " - s
(1993) reported decreased leaf K with in- S9nficance _

creased crop load for sour cherry. Hanson Site 2

(1980) suggested leaf N, P, and K concentr : iggﬁ g? a 82(2)2 a igg
tion of apple decrease as crop load increases; ; gs/4 537 Z 0.296 2 182

It would, therefore, be expected that somgy,\ie0 129b 0.069 b 210
differences in leaf nutrient concentration beyazzard 71b 0.041 b 161
tween various rootstocks and Mazzard couldignificance ok ok NS

_reflect differences in cropping. For eXampl‘"”Mean separation in columns by Duncan’s multiple range t&s£d.05.

if cherry were to behave similarly to apples = = Nonsignificant or significant & < 0.01, 0.001, or 0.0001, respectively.

lower leaf K relative to Mazzard might be

expected for ‘Bing’ cherry on higher-yielding Table 2. Number of years leaf nutrient concentration of ‘Bing’ sweet cherry signific@gy0(05)
GM 79, GI 148/1, Gl 195/1, and Gl 196/4 increased (+) or decreased () for indicated rootstock relative to Mazzard, 1990-93.

rootstocks.

. Nutrient
Leaf N and PLeaf N concentration was

significantly increased or decreased relative tgi(t)gtftmk N P K ca Mg Zn Fe Mn Cu
Mazzard on 35% (14 of 40) of j[he rootstock— Colt 0 2(4) 4() 4@  4(#) 0 0 0 0
year occasions at the two sites (Table 2).5\ 79 1) 0 40 2() 4 1(#) 0 0 0
Usually, leaf N concentration was lower than gm 61/1 30 1 40 20 o0 19 20 20 3()
for Mazzard (nine occasions) with leaf N on gm 9 2(+) 3(+) 2() O 3(+) 2(+) O 3(+) 0
rootstocks GM 61/1 and Gl 195/1 lower in 3 MxM46 0 0 1-) 2= 0 0 0 1(-) 0
years and lower in 2 years on Gl 196/4. TheseMxM2 0 0 1(+) O 0 0 0 2= 3(+)
rootstocks had higher yields or cumulativeSite 2
yield efficiency (GM 61/1) than Mazzard, g: ggﬁ g( ) cl)( ) 33((—)) % 22((—)) % Ci( ) % 13((—))
which is consistent with decreased leaf N o1 196/4 10,200 0 30 25 20 0 0 200 14,10
concentrations when crop load increases for,vI

S X .- MxM60 2(+) 0 0 3 4= o0 0 1(-) 0
apple and implies a need to increase N fertili- )
zation rates of precocious rootstocks. In con- 54 5 (S;‘m“';“é‘f)a m%‘?fr‘;c"?’f?i)eﬁegt(sﬂ 5 () 4%
trast, the low-yielding MxM60 rootstock and 90 20 24() 70 100 10 30 60 8()

low-vigor GM9 had higher leaf N concentra-
tions than Mazzard in 2 years. Leaf N concen-
trations were generally above 1.9%, which is Leaf K, Mg, and CaThe leaf concentra- supplies of K. Furthermore, given a possible
considered adequate for growth (British Cotions of K, Mg, and Ca were most affected byassociation between heavier cropping and de-
lumbia Ministry of Agriculture, Fisheries and rootstock of all the nutrients measured whenoreased leaf K and the fact that these trees have
Food, 1995), with the exception of GM 61/1 incomparisons were made with Mazzard (Tablget to achieve maximum production, K nutri-
3years and all, except rootstock GM 9, in 19932). tionwill be more of a concern should rootstocks
at site 1 (Table 3). As indicated by the leaf N Leaf Kwas always (4 of 4 years) lower tharhigher yielding than Mazzard be adopted by
concentration of ‘Bing’ on Mazzard, leaf Nin Mazzard for trees on Colt, GM 79 and GMthe industry.
concentrations were generally lower at site §1/1, whereas leaf K was usually (3 of 4 years) Leaf Mg concentrations were frequently
which received lower rates of N fertilizerlowerfor GI 148/1, G1195/1, and Gl 196/4 andaffected by rootstock. Leaf Mg concentrations
during the study. The very low leaf N concenwas lower in 2 of 4 years on GM 9. Decreasefbr Colt, GM79, and GM9 rootstocks at site 1
tration for trees on GM 61/1 implies that theséeaf K is associated with heavier croppingvere generally higher than for Mazzard, while
trees might have higher yield at higher rates dffable 1) in some of the rootstocks (GM 79, Géll site 2 rootstocks, especially MxM60, accu-
N fertilization. 148/1,G1195/1, and Gl 196/4). Low leaf K formulated lower leaf Mg concentrations (Table
Leaf P concentration was less frequentlfolt, GM 61/1, and GM 9 would, however,2). Previously, Colt was much less susceptible
affected by rootstock than leaf N, with theimply less efficient uptake of K by theseto Mg deficiency than Mazzard (Webster and
most noteworthy effects being a tendency toootstocks due to their similar yield relative toSchmidt, 1995). Our data confirm this ten-
higher leaf P on GM 9 (3 years) and ColMazzard. Leaf K, however, was not highestlency but also suggest that GM 79 and GM 9
rootstocks (2 years) relative to Mazzard (Tabléor rootstocks during 1990 when yields wergootstocks are less likely to develop Mg defi-
2). The higher leaf P concentration for ‘Bing’lowest (<1 kg/tree), implying factors otherciency than Mazzard. The lowest leaf Mg
on GM 9 may reflect lack of dilution of P duethan crop load were affecting leaf K. For mostoncentrations were on MxM60 rootstock in
to the smaller size of these trees. Leaf P conf the rootstocks, leaf K values (Table 3) werd993 (Table 3) but, at 0.26%, were above
centrations were, however, consistently adstill well above the deficiency concentrationvalues normally associated with Mg deficiency
equate for all rootstocks in all years, withof 1% (Shear and Faust, 1980). The lowest KHanson and Proebsting, 1995). Nevertheless,
minimum leaf P concentration for any root-concentrations and consistently low value$IxM60 and the higher-yielding rootstocks Gl
stock—year combination averaging 0.29% andere in trees on GM 61/1 rootstock, implyingl48/1, Gl 195/1, and Gl 196/4 may require
0.19%, respectively, at sites 1 and 2 (detailetthat this rootstock could be susceptible to Kreater attention to Mg nutrition than Mazzard.
data not shown). deficiency, especially on sites with lower soil  As with Mg, leaf Ca concentration was
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Table 3. Average leaf N, K, and Mg concentration (dry mass basis) of ‘Bing’ sweet cherry on various rootstocks in two experimental plantings, 1990-93.

N (%) K (%) Mg (%)
Rootstock 1990 1991 1992 1993 1990 1991 1992 1lyys 1990 1991 1992 1993
Site 1
Colt 201é 205b 227cd 1.63 2.05b 1.84 cd 254 c 1.80 bc 0.48 a 0.41a 0.66 a 0.40a
GM 79 2.13 bc 1.99 bc 2.16d 1.59 2.17b 1.91 bc 2.35¢ 1.54 de 0.42b 0.38 a 0.55b 0.38 a
GM 61/1 1.81d 1.74 c 1.95e 1.65 1.74 c 1.70d 1.82d 146 e 0.37c 0.32b 0.44 cd 0.32b
GM 9 2.40a 2.45 a 2.98 a 1.92 2.08b 2.00b 2.82b 1.98 ab 0.45 ab 0.37 a 0.47c 0.37 a
MxM46 211bc 1.97 bc 243 bc 1.70 251a 222a 3.00 ab 1.70 cd 0.32d 0.28b 0.42 cd 0.28 bc
MxM2 227ab 2.25ab 255b 1.85 2.55a 2.33a 3.14 a 2.04 a 0.31d 0.27b 0.38d 0.27c
Mazzard 210bc 2.19ab 243bc 181 247 a 225a 2.84b 2.16a 0.31cd 0.32b 0.45cd 0.30 bc
Statistical
S Ig n |f|cance *kkk *kkk *kkk NS *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kkk
Site 2
Gl 148/1 2.78b 3.10a—c 265bc 226a—c 1.77b 1.96b 1.78 b 1.73b 0.34 bc 0.30b 0.48 a 0.30a
Gl 195/1 2.53 ¢ 3.00 bc 2.38d 2.05c 1.76 b 1.92b 1.58b 1.61b 0.37b 0.32b 0.49 a 0.32a
Gl 196/4 272bc 3.19a 248cd 2.19bc 1.85b 191b 1.73b 1.78 b 0.38b 0.31b 0.50a 0.33a
MxM60 3.04 a 3.12 ab 2.97 a 2.38 ab 2.23 a 2.34 a 2.35a 2.23 a 031c 0.30b 0.37b 0.26 b
Mazzard 2.80b 294 ¢ 286ab 250a 1.99 ab 22l1a 217 a 2.23a 0.42a 0.38a 0.48 a 0.32a
Slgnlflcance *% * *kkk * *k *kk *kkk *kkk *kk *%k *kk *k

“Mean separation in columns by Duncan’s multiple range tés£d1.05.
v Nonsignificant or significant & < 0.05, 0.01, 0.001, or 0.0001, respectively.

affected by rootstock relative to Mazzard (Tabl@able 4. Average leaf Zn and Mn concentration (dry mass basis) of ‘Bing’ sweet cherry on various rootstocks

in two experimental plantings, 1990-93.
Leaf Zn ug-g™)

2). Colt consistently had a higher leaf Ca
concentration than Mazzard, whereas GM 79
and Gl 196/4 had significantly higher concen:

Leaf Mn (ug-g™)

. ! Rootstock 1990 1991 1992 1993 1990 1991 1992 1993
trations in 2 of the 4 years. In contrast, loweg:
leaf Ca concentrations were measured for tree 87ah 10.0ab 109b 107ab 442bc 304bc 53.2b 37.0 a—c
on MxME0 rootstock (3 years) and GM 61/1 g 79 97a  77bc 90b 112a 519ab 328b 532b 4l13a
and MxM46 (2 years). Leaf Ca concentrations GM 61/1 74¢ 75¢ 86b 9.0bc 3llc 194c 334d  320bc
were in the normal range, averaging near andGM 9 83bc 1l1.2a 143a 119a 63.3a 453a 67.9a 41.8a
above 1% for all rootstocks in all years (de- MxM 46 78bc  83bc 11.2b 86¢C 30.7¢c 256bc 415cd 28.7c
tailed data not shown), thus these differencesMxM 2 84bc 83bc 97b 91bc 320c 23.7bc 354d 29.3c
were not expected to be Of practica| Slgnlfl_ Me_\zgard 9.0 ab 9.8 a—c 95b 9.3 bc 44.9 bc 32.8Db 44.9 bc 38.9 ab
cance. Statistical

. . .. flcance **% *% *kk *kk *kkk *% *kkk *%

Micronutrient nutrition. In general, leaf 392"
Zn, Fe, Mn, and Cu concentrations were lessg) 14g/ 112 123 101 14.0 554b 59.2bc 75.1lab  44.5 ab
affected by rootstock than the major nutrients, Gl 195/1 9.3 11.8 8.8 12.1 64.3b 66.6 b 80.9 a 476 a
and there were no consistent differences be-g| 196/4 10.8 11.8 102 1258 855a 919a 924a 522a
tween the higher yielding rootstocks (GM 79, MxM 60 11.3 11.3 10.6 13.0 46.0b 457c  483b 35.2b
GI148/1,GI1195/1, and Gl 196/4) and Mazzard Mazzard 9.4 11.7 113 122 63.3b 60.8b 651ab 44.1ab

NS NS NS NS

(Table 2). Significance
Leaf Zn and Fe concentrations, of all theMean separation in columns by Duncan’s multiple range tés£41.05.
nutrients measured, were the least affectetd,”™ ™ ™ Nonsignificant or significant & < 0.05, 0.01, 0.001, or 0.0001, respectively.
relative to Mazzard. No rootstock, with the
possible exception of GM9 for Zn (higher 2for rootstocks GM 61/1 and MxM2. Manga-Mazzard. Only GM 61/1 and GM 9 have
years) and GM 61/1 for Fe (lower 2 years) hadese deficiency has been frequently reportezkhibited some degree of dwarfing. Rootstocks
higher or lower leaf concentrations relative tdor cherry (Westwood and Wann, 1966), busignificantly affected leaf nutrient concentra-
Mazzard (Table 2). Leaf Zn concentrationgeaf Mn concentrations were low (<Re-g™)  tion during the 4 years of study. Importantly,
were consistently low and considered inadenly for rootstock GM 61/1 in 1991 (Table 4).the four rootstocks with higher yields than
equate for all rootstocks in all years (Table 4iFor Cu, rootstocks were identified that generMazzard generally had lower leaf K concen-
despite the routine application of dormant Zrally resulted in higher (MxM2) or lower (GM trations, paralleling similar decreasesin leaf K
to these plantings. Similar patterns of Zn cons1/1 and Gl 195/1) leaf Cu concentrationgoncentration associated with crop load in-
centrations near or below commonly accepteghan Mazzard (Table 2). However, leaf Cicreases for apple. Also, all except GM 79 had
deficiency concentrations have been observagncentrations for rootstocks throughout théower Mg concentrations, while half (GI 195/
in apple orchards in the Pacific Northwesktudy were consistently normal, ranging fronl and 196/4) contained less N than Mazzard.
despite routine Zn applications during dor6.5 to 14.0ug-g™* (detailed data not shown). Increased attention to K, Mg, and N nutrition
mancy (Neilsen, 1988). None of the teste€onsidering the rarity of occurrence of Cunay be required should higher-yielding
cherry rootstocks offers asolution to the chronideficiency in cherry, such differences in Cuootstocks be used, especially on soil with
low leaf Zn problems common in the Pacificaccumulation are unlikely to be of practicalpoor capability to supply these nutrients. In
Northwest. Although Fe chlorosis can occusignificance. contrast, use of these high-yielding rootstocks
on cherry, there is little relationship between would not likely alter strategies for micronu-
the disorder and leaf Fe concentration (Shear trient nutrition with, for example, none of
and Faust, 1980). Consequently, little can be these rootstocks capable of altering the low Zn
concluded regarding the relevance of the rela- In the early years of this NC-140 cherrystatus of cherries commonly observed in the
tively lower leaf Fe on rootstock GM 61/1planting, several rootstocks, including GMPacific Northwest. Trees on rootstock GM 9,
(data not shown). 79, Gl 148/1, Gl 195/1, and Gl 196/4, pro-more dwarfing than Mazzard, shared the gen-
Rootstocks were identified that had highetiuced higher yields than Mazzard, the induserally lower leaf K concentration of the higher-
or lower leaf Mn and Cu concentrations thanry standard. Less promising have been resuligelding rootstocks but often had higher leaf P,
Mazzard (Table 2); leaf Mn concentrationgor tree size, with most rootstocks resulting irMg, and Mn than Mazzard. Trees on rootstock
were higher for GM9 and GI 196/4 and lowesimilar or larger (Colt) trees relative toGM 61/1, also dwarfing, had lower leaf con-

Conclusions
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centrations of most measured nutrients, rela- orchard. J. Plant Nutr. 7:1161-1177. Perry, R.L. 1987. Cherry rootstocks, p. 217-264. In:
tive to Mazzard, raising the possibility thatHanson, E.J. and R.L. Perry. 1989. Rootstocks in- R.C. Rom and R.F. Carlson (eds.). Rootstocks
inadequate nutrition was, in part, the cause of fllﬁence minesral_nutritiozn o;‘l\élogtngorency’ sour S ;or frqit cropséglViIeSy,é\lew York. e Statist

f i cherry. HortScience. 24:916-918. AS Institute. 1985. SAS user’s guide: Statistics.
\?vne]rae”?Jezgﬁezlfﬁét%tsgazggﬁg; (r:gcr)]t:é?](t:rk Janson, E.J. and E.L. Proebsting. 1995. Cherry 5th ed. SAS Inst., Cary, N.C.
h S - - nutrient requirements and water relations, pShear, C.B. and M. Faust. 1980. Nutritional ranges
.tlon ofllndIVIduaInutrlents relative to Mazzard, 243-257. In: A.D. Webster and N.E. Looney in deciduous tree fruits and nuts. Hort. Rev.
including Colt for Mg and Ca and MXM2 for  (eds.). Cherries, crop physiology, production ~ 2:142-163.

Cu. Other rootstocks were identified that Usu-  and uses. CAB Intl., Oxford, U.K: Simons, R.K. and J.W. Swiader. 1985. The effects
ally had lower leaf concentrations, includingHanson, P. 1980. Crop load and nutrient transloca- of apple dwarfing rootstocks on leaf nutrient
Colt for K and MxM60 for Ca. tion, p. 201-212. In: D. Atkinson et al. (eds.). element composition in stoolbed production. J.
Mineral nutrition of fruit trees. Butterworths, Plant Nutr. 8:933-943.
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