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SUPPRESSION OF SPININESS IN M.26 AND P.22 APPLE RODSTOCKS
DZELKS NAIN IBAS NOVERSANA M.26 UN P.22 POTCELMIEM
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Kopsavilkums

Izméginajums tika veikts fis eksperimentos, ighkujot potcelmu aprausumu rindas un
potcelmu sidijumus kokaud&ava pirms acoSanas M.26 un P.22 potcelmiem. LagErsiu dzelkgu
atstibu tika lietoti dinitroaniini (butrains, butrains + BFA un pendimefas). Skotrgjos
pétijumos \Els butratna vasaras miglojums 4000 mg koncenticija samazigja dzelk§airibu
matesaugiem dzelk&inajiem Malus robusta5 x M 9 hibidiem, bet izsauca painatu lapu
nobirSanu bez mizas Ejimiem. M.26 natesaugiem divregs miglojums 1500 mgikoncentcija
neietekngja dzelk$airibu. Potcelmu M.26 un P.22adfjuma kokaudztava divreizjs miglojums ar
jebkuru no migtajiem dinitroaniiniem 1000, 2000 vai 3000 m¢g koncenticija (butrainam un
BFA), un 1500, 2500 vai 3500 mg" I(pendimetaham) Hitiski samazigja dzelk§airibu
saidzimjuma ar neapsaidatiem augiem. Divreiga apstide ar rokm izradijas efekivaka par
kimisko apstadi.

Abstract

These studies were conducted in three separateimgoes including rootstock production
(mound layering) and rootstock liners (tree prouburctprior to budding) using M.26 and/or P.22
plant materials. To counteract spininess in exadchipgnts dinitroaniline compounds: butralin,
butralin + fatty alcohols (BFA), and pendimethakere applied. In a preliminary study late summer
sprays of butralin at 4000 mg teduced spininess in stool beds of excessive $pihyids ofMalus
robusta5 x M 9 but caused premature plant defoliation withbaok injury. In stool beds with M.26
plants two applications of 1500 migdid not affect spininess. In M.26 and P.22 roatstiners two
sprays of either butralin, BFA or pendimethalirl@00, 2000 or 3000 md Kfor butralin and BFA),
or 1500, 2500 or 3500 mg (for pendimethalin) significantly reduced spinises compared with
intact plants but no differences in this respecbmagnthe chemicals and rates were found. Two
manual operations were somewhat more efficienpinesremoval than chemical treatments but no
practical differences between them in the fieldenalnserved. There were no adverse residual effects
of chemical treatments on nursery tree performébaeyneet al, 2002).

Key words: butralin, dinitroaniline,Malus robusta5, mound layering, pendimethalin,
rootstock liner

Introduction

Spininess is a characteristic of maviglus species, especially in the juvenile phase of plant
growth (Cummins and Aldwinckle, 1983). However tie stool bed a mother plant may produce
both spiny (juvenile) and smooth (senile) shootsin&s are particularly pronounced withalus
robusta5 and its progeny, and some of the Malling serieststocks as M.2, M.9 or M.26
(Cummins, 1992). Rootstocks from Polish serieséPnawstly free of spines except P.22 (Czynczyk,
1998). This undesirable feature makes both rodtsiayering) and nursery tree production
(rootstock liners) costly and laborious. In botkasmspines are removed by hand.
Various chemical compounds have been examinedHhibiinspininess either in citrus rootstocks
(Rouse, 1994) or ornamental trees (Quinlan and ritela, 1984), and suckers in tobacco plants
(Mylonas and Panagos, 1978). Yet little research been done in deciduous fruit rootstocks and
nursery trees so far (Quinlan, 1978; Jacwtaal, 2000). Most commonly used chemicals to
counteract suckering (spininess) werse eitherrdimiiline compounds such as butralin or butralin
combined with fatty alcohols, or auxin derivativeAA-naphthaleneacetic acid (Quinlan, 1978;
Keever and Foster, 1990; Jacyataal, 2000). The basic for either spine removal or dkering is
by using of no translocable chemicals. Studies lasogption and translocation of dinitroaniline
compounds in many species indicated that little wasslocated from the site of uptake to other
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parts of the plant treated (Ashtem al, 1976). NAA may also act either as growth promaior
inhibitor depending on the organ treated and thecenotration applied (Thimanim Westwood,
1978). NAA has shown to be very efficient in spgrewth inhibition in apple rootstocks Geneva 30
(Jacyneet al, 2000).

The objective of this research was to examine diffe dinitroaniline compounds to
counteract spininess both in stool beds and inntesery liners. This report was divided into three
parts comprising a preliminary study in apple ramtk stool beds (USA, 1995), apple rootstock
stool beds (Poland, 1999), apple rootstock linersursery rows (Poland, 2000).

Materials and Methods

The chemicals used in reported experiments wefellasvs: Tamex ® - containing 360 g |
of butralin (N-sec-butyl-4-tetra-butyl-2,6-dinitnoidine) marked in this text as butralin; Tamex AG®
- containing 75 g1 of butralin + 450 gt of fatty alcohols (§+ C,o) marked here as BFA; Stomp
330 EC® - containing 75 g'lof pendimethalin {N-(1-etylpropyl)-3,4-dimetyl-2dinitroaniline)
marked in the text as pendimethalin. During theseiss the following experiments were carried
out:
Experiment 1 (pilot trial-stool beds) Mother plaafsprogeny of apple rootstocks
Malus robusteb x Malling 9 (Cornell University Apple Rootstock Bidiag Program) in stool beds
established in 1990 were used. About 60-80 plartm feach of the following excessive spiny
hybrids: 74R5M9-760 (type 1), 74R5M9-707 (typed&)d 75R5M9BR-521 (type 3) were used. The
plants were sprayed with butralin either at 10000® or 4000 mg to run off. The sprays were
directed to the “future” budding zone located up3tbcm from the soil line. The control plants
remained intact (no spine removal). All measurememtre made within the zone of chemical
application and its equivalent in control plantkisTtrial was not replicated.
Experiment 2 (apple rootstocks-stool beds) MotHants of Malling 26 grown
in stool beds established in 1994 were used. Tatphere sprayed twice within the budding zone
with butralin either at 500, 1000 or 1500 my IFirst sprays started when the spines were
approximately 2-3 cm long, and the second sprayapadied 19 days later. After rootstock harvest
the following measurements were performed: rookstd@ameter at 5 cm above the soil line,
cumulative length of roots assessed accordinggsthale (1 <20, 2->20-<90, 3-> 90 < 200,
4°- > 200 -< 350, 3-> 350 cm), and total length of parent shoot. Thegeement was set up as
complete randomized block design with 10 replicgagiof 3 plants each. The data was subjected to
analysis of variance, and the means were sepavetbdLSD test at P<0.05. Mutual relations
between either rootstock diameter or length of piagboot, and either cumulative length of spines or
their total number were evaluated by Pearson’symochoment correlation at P<0.05.
Experiment 3 (liners of apple rootstocks M.26 and2R) It was carried out
using rootstock$.26 and P.22 planted in nursery rows (0.8 x 0.3nmrgeparate field sections. At
the time of planting the liners were free of spinEse plants were treated twice in biweekly intérva
with one of the following chemicals: butralin eithe&t 1000, 2000 or 3000, BFA at 1000, 2000 or
3000, and pendimethalin at 1500, 2500 or 3500 Tagrhe sprays were confined to the budding
zone, and started when ¢.40% of plants showed $pngth of 2-3 cm. The spines of control plants
were removed by hand twice depending on spine wagrdn order to examine the effect of tested
compounds on spine suppression a group of 36 stoicks22 were left intact. Rootstock (liner)
diameter was taken from each plant before and #igeiseason. Upon completion of the growing
season the following measurements were made witltenzone of chemical application and its
equivalent in control plants: number of spines dhdir length distribution, estimation of the
treatment phytotoxicity by annual increment of stotk cross-sectional area and weight of fresh
mass of shoots grown out above the treated ardayismal observations of bud take. The data from
M.26 and P.22 rootstocks were analyzed separaBxth experimental subsets were set up as
complete randomized block design with 18 replicgatiof 10 plants each. The significance of the
results was tested by analysis of variance and sneamparisons were made by Tukey's HSD at
P<0.05 (Statgraphics Software).
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Results and Discussion
The results obtained from our preliminary trial gekment 1) showed that application of
butralin, especially at 4000 mg inay decrease the number of spines (Table 1; Figuze3).

Table 1. Effect of butralin on spine suppressiodifferent progeny oMalusrobusta5 x Malling 9
apple rootstocks in stool bed, exp. 1 — pilot {ri#195

Treatment, Number of spines per plant
mg I* Hybrid
74R5M9-760 74R5M9-707 75R5M9BR-521
1000 5.0 5.8 4.4
2000 4.3 5.4 6.2
4000 2.9 3.3 3.9
o 6.2 6.5 6.7

Y untreated control ( no spine removal )

Type 1

0 ppm 4000 ppm

1000 ppm 2000 ppm

Figure 1. Effect of butralin application, in m§+ ppm, on suppression of lateral growth in hybrid
74R5M9-760. Blank spaces on parent shoot inditet@ipper limit of the compound application

%//\ 1 \
S

0 ppm

1000 ppm 2000 ppm 4000 ppm

Figure 2. Effect of butralin application, in mig+ ppm, on suppression of lateral growth in hybrid
74R5M9-707. Blank spaces on parent shoot inditet@ipper limit of the compound application
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Figure 3. Effect of butralin application, sin my= ppm, on suppression of lateral growth in hybrid
75R5M9BR-521. Blank spaces on parent shoot inditeteipper limit of the compound application

Malus robusta5 and its progeny are known from excessive spasin€Cummins and
Aldwinckle, 1983). Despite applying the chemicalate summer, the reduction in spine number was
still satisfactory but the rate 4000 mg ¢taused premature defoliation although no barkrjnju
occurred. Visual observations showed that leafrieéguwere confined to the zone of spraying with
no translocation of these symptoms elsewhere.

Application of butralin in much lower concentratthan those used in experiment 1, did not
bring about any suppression in spine growth of Mrigiher plants in stool beds (Table 2).

Table 2. Effect of butralin on spine suppressioMi&6 apple rootstocks in stool bed (exp. 2, 1999)

Treatment, Number of spines per plant
mg I <5cm >5-<10cm >10 cm® Total”
500 x 2 7.0b 1.0 0.5 8.5
1000 x 2 5.6 ab 1.0 0.5 7.1
1500 x 2 5.5ab 1.0 0.6 7.1
0 49a 14 0.8 7.1

Means followed by the same letter do not signifigadiffer at P<0.05
Y untreated control ( no spine removd Means are not significantly different

There were no significant differences in spine nemiietween the control and chemically
treated plants. Consequently to the results shovilrable 2, no differences in quality charactersstic
among the treatments were found (Table 3).

Table 3. Effect of butralin on some quality chaeaistics of M.26 apple rootstocks in stool bed (exp
2, 1999)

Treatment, Rootstock Length of rootstock ~ Cumulative length of
mg I diameter, mrh parent shoot, cin roots, in scake’
500 x 2 8.1 88.0 2.9
1000 x 2 9.3 87.0 2.8
1500 x 2 8.8 87.3 3.1
0 9.3 92.4 2.9

* untreated control ( no spine removal )neans are not significantly different at P<0.05ee Materials and
Methods for scale explanation.
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It would indicate that butralin applied in givertea (Table 2) did not influence the growth of tesat
plants as expressed by rootstock diameter, lergthotstock parent shoot and development of root
system (Table 4). Comparison of adverse effectsathby single application of 4000 myHutralin
(experiment 1) with no such effects with two spragts 3000 mg 't butralin (experiment 3)
demonstrates different responses of treated ptigending on plant type or chemical rate. Quinlan
(1978) reported no detrimental effects in maideplaprees treated with 3000 mg butralin but
Knight (1979) found that the same rate of butrakwsed serious defoliation of Quince rootstocks.
The coefficients of correlation between basic rwafs quality parameters are given in Table 4.
Spine growth expressed by cumulative length ofespiand their number was positively correlated
with the diameter and the length of rootstock paséioot.

Table 4. Correlation coefficients for some quatibyaracteristics of M.26 apple rootstocks in stool
bed (exp. 2, 1999)

Correlation’ Coefficient of correlation, r P-value
axb 0.44 0.0000
axc 0.20 0.0030
dxb 0.51 0.0000
dxc 0.35 0.0000

¥ a — rootstock diameter, b — cumulative lengthphess, ¢ — total number of spines, d — length otstmck
parent shoot

The results obtained from application of other waa@niline compounds, i.e BFA and
pendimethalin indicated that both might be safetgdiin the desuckering of apple rootstocks
(experiment 3). Both compounds performed in simiay as butralin in reducing spininess when
compared with manual procedures (Table 5).

Table 5. Effect of dinitroaniline compounds on gpsuppression in M.26 and P.22 apple rootstock
liners (exp. 3, 2000)

Treatment, Number of spines per plant Total spine
mg I* >0.5-<1.0 cm >2.0 <2.5 cm >3.0 cm length/plant,
M.26 P.22 M.26 P.22 M.26 P.22 cnt

butralin:
1000 x 2 4.3b 0.1 0.7 0.1 0.8ab 0.5ab 6.1a
2000 x 2 3.0b 0.2 0.8 0.4 11b 0.5ab 6.2a
3000 x 2 5.4b 0.2 0.4 0.3 0.7ab 0.4ab 6.4 a
BFA:
1000 x 2 4.4b 0.1 0.3 0.4 1.0b 0.7b 6.5a
2000 x 2 3.7b 0.1 0.6 0.4 06ab 0.lab 39a
3000 x 2 35b 0.1 0.3 0.4 05ab 0.3ab 5.7a
pendimethalin:
1500 x 2 42b 0.0 0.5 0.3 14b 0.2ab 6.2a
2500 x 2 49b 0.1 0.5 0.3 0.8ab 0.4ab 4.8 a
3500 x 2 4.2b 0.1 0.5 0.2 0.5ab 0.7b 59a
hand removal 0.0a 0.0 0.0 0.0 0.0a 0.0a
intact” 53.6 b
P - value 0.0000 NS NS NS 0.0031  0.0230 0.0000

Means followed by the same letter do not signiftadiffer at P<0.05) spines were removed twice or more
depending on their regrowth; no spine removali additional experiment (36 replicates of singletstack
each); NS — not significant.

There were some significant differences in spimicion between chemical treatments and manual
deshooting depending on spine length. Double marambval was more effective than chemical
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treatment. Short and long spines were more difficusuppress than medium sized spines. This was
particularly evident in Malling 26, and to the les®xtent in P.22 rootstocks (Table 5). However,
from a nurseryman point of view, in most cases tluhemical deshooting was as effective as
double manual spine removal, being considerablg l@se consuming thus less expensive.
Comparison of spine reduction effectiveness amdrgy dhemical treatments with exclusion of
manual removal, showed no significant differenaeselation to chemicals and rates applied (data
not shown). Spine growth was significantly redudsdchemical treatments in comparison with
intact plants (Table 5). Table 6 shows two chargsttes of rootstock growth of which suppression
may be considered as phythotoxicity indicators. @Garnson of rootstock annual increment of cross-
sectional area and the weight of fresh mass oftshtaten from untreated part of rootstock itself
demonstrated no significant differences betweermatedly treated and untreated control plants
(Table 6). The results of the follow-up researcmgipreviously treated rootstocks have shown no
adverse residual effects on bud take and subseguewth of budded trees as expressed by the
number of feathers, diameter and height of treexcab-immune apple cultivars ‘Jonafree’, ‘Rajka’
and ‘Topaz’ (Jacynat al.,2002).

Table 6. Performance of rootstock liners treateth wlinitroaniline compounds for spine removal
assessed at the end of season (exp. 3, 2000).

Treatment, Annual increment of rootstock  Weight of fresh
mg a.i.l' cross-sectional area, (ryh mass of shoots, g
butralin:

1000 x 2 315 106.7

2000 x 2 37.2 125.0

3000 x 2 26.3 106.7

BFA:

1000 x 2 38.1 108.3

2000 x 2 39.7 116.7

3000 x 2 44.3 95.0
pendimethalin:

1500 x 2 35.0 115.8

2500 x 2 30.0 129.0

3500 x 2 34.7 106.7
hand removal 25.6 111.0

All values are not significantly different at P<B,3 double (triple) spine removal subject to spine oggh, *
mass of shoots taken from above the applicatioe.zon

Reduction in time and labor costs for spine remdgathe main advantage of chemical
deshooting of rootstocks. Results from this redeastipported by the others (Rouse, 1994 and
Jacynaet al., 2000), indicate that chemical treatment may bepsmiitive nursery technology with
manual spine removal. It seems that in Poland th&t suitable compound, which meets the criteria
for chemical deshooting, would be pendimethalimigt 33¢), having official registration for fruit
and vegetable production. However, more researcieésled, especially in layering technology, to
obtain precise protocols for various species.
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