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Abstract. Nitrogen (N) uptake was compar ed on 10 dwar f applerootstocks (M.9EMLA,
M.26 EMLA, M.27 EMLA, M.9 RN29, Pajam 1, Pajam 2, B.9, Mark, B.469, and M .9
T337) grafted withthesamescion (‘Gala’) in afour year-old or chard. Treeswer etreated
in either Springor Fall 1998 with 40 g of soil applied actual N per treeusingammonium
nitrateenriched to 1% **N. Both percentageof N (% N)and N from fertilizer (NFF) in |eaf
tissuewer e highly affected by therootstock and the season of N application. Generally,
higher %N and NFF were observed for spring than fall applications, except for leaves
collected during early June 1998. Generally, M.26 EMLA, M.27EMLA, and M.9 RN29
wer ethe most efficient rootstocksin N uptakefor spring applied nitrogen. M.9 EMLA
wasmost efficient latein the season following fall application. Mark was mor e efficient
early in the season for fall applied N than spring application. However, trees on Mark
rootstock had the lowest %N throughout the season regardless of the time of N
application. Pajam 1 and Pajam 2 were the least efficient rootstocks in N uptake
following fall N application. Rootstock also significantly affected % N and NFF of wood
tissue. Generally, trees on B.469 had the highest %N in their wood regardless of the
season of application. No single rootstock had consistently higher N from fertilizer in
their wood tissue after spring application. At the May 1999 sampling date, M.26 EML A
had higher NFF than M.27 EMLA, Pajam 1, Pajam 2, and B.9 with a fall application.
Other rootstockswer eintermediate. Samples collected in August showed that Pajam 1
was the least efficient rootstock in N uptake for fall applied N compared to other
rootstocks, except for Pajam 2 and B.9 that were intermediate. L eaf and wood tissue
analysisshowed that different rootstockshad different N uptakeefficienciesthr oughout
theseason. Generally, M.26 EMLA,M.27TEMLA,M.9RN29and M. 9EMLA weremore
efficient at N uptakeregardlessthe season of N application. Pajam 1 and Pajam 2 were
the least efficient.

Efficient fertilizer practices not only in-
creasetheyield and profitability of crops, but
also avoid environmental contamination.
Optimum nutrient management in deciduous
fruit crops can be achieved by knowing the
periods of greatest absorption and assessing
the nitrogen (N) demand of the tree.

Early season growth of apple trees de-
pendsmainly oninternal cycling of N reserves
that were stored in woody tissue before | eaf
fall (Hill-Cottigham and LIoyd-Jones, 1975;
Millard and Thomson, 1989; Titusand Kang,
1982; Tromp and Ovaa, 1973). For this rea-
son, therelative contribution of fertilizer N is
not easy to assess.

Nitrogen cycling in deciduous fruit crops
has been documented using N tracer tech-
niques. Most of this work has used young
trees grown in pots (Hill-Cottigham and
Lloyd-Jones, 1975; Millard and Thomson,
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1989; Tagliavini et al., 1997; Weinbaum et
al., 1984) rather than mature trees (Khemira
etal., 1998; Sanchez et al ., 1990, 1991, 1992;
Weinbaum et al., 1984).

Remobilization of N ended between petal
fall and the beginning of fruit developmentin
1-year-old pear (Pyrus communis L.) trees
while N uptake started before the end of
remobilization of stored N (Tagliavini et al.,
1997). However, Sanchez et al. (1990) ob-
served that soil derived N became important
for fruit growth after fruit set in a6-year-old
pear tree.

Plant recovery of N has been studied in
different fruit trees. Recovery of applied N
was between 27.8% and 33.9% in new growth
of five-year old pear trees (Sanchez et al.,
1990), and 32% recovery wasobservedinnew
growth of 3-year-old peach trees (Prunus
persical.) (Mufiosetal., 1993). Lower values
(6% to 14.3%) were obtained for shoot leaves
of a 9-year-old apple tree (Khemira et al.,
1998), reflecting theincreased contribution of
cycling N as trees age. Sanchez et al. (1990)
found that total contribution of N fertilizer
applied in spring was about half of soil de-
rived N.

Several reports indicate higher reserve N
levels following N application made in late

summer or fall. Mature almond trees (Prunus
amygdalusL.) grownin sandy soil showed an
inverse relationship between date of applica-
tion and leaf tissue enrichment from labeled
fertilizer applied the previous season
(Weinbaumet al., 1984). Y oung apple (Malus
xdomestica Borkh) trees grown in pots also
showed a clear seasonal effect for nitrate up-
take, with the highest recovery observed for
the August application (60%), followed by
March (40%), and the lowest recovery after
October application (16%) (Hill-Cottingham
and Lloyd-Jones, 1975).

In arecent publication using mature apple
trees to study N timing and partitioning,
Khemira et al. (1998) showed that spring N
treatment partitioned to fruit, leaves, and
shoots, whilelate summer application favored
roots. However, preharvest application of N
showed highest recoveriesin leaf and shoots
the year after application and showed higher
utilization efficiency than spring treatments.

New sizecontrolling applerootstockshave
been introduced during the last several years.
However, detailed comparisons of N uptake
ability of these apple rootstocks remain unre-
ported. The objective of this research was to
evaluate differences in N recovery between
tendifferent applerootstocksandto determine
the effect of application timing on N uptake
and recovery.

Materialsand Methods

This research was conducted at the
Peninsular Agricultural Research Station near
Sturgeon Bay, Wis., onaLongriesandy loam
(coarse, loamy, mixed, frigid, Entic
Haplorthod) soil, pH =7 with 4% organic
matter. The orchard was planted in 1994 with
appletrees grafted to the same scion (‘Gala').
Tendifferent dwarfingrootstocks(M.9EMLA,
M.26EMLA,M.27EMLA,M.9RN29, Pgjam
1, Pajam 2, B.9, Mark, B.469, and M.9 T337)
were used in this research. The orchard was
maintai ned according to protocol sestablished
for the previously existing NC-140 project.
Trees were trained to a central axe system.
Alleys between rows were planted to a grass
sod and a2-m-wide weed-free areawithin the
tree row was maintained with herbicides.

Ammonium nitrate (NH,NO;) enriched to
1% N in the nitrate fraction was applied at a
rate of 40 g actual N per tree. Fertilizer was
appliedinwater inthedrip zonewith watering
cans either in early May (before leaf emer-
gence) or October (postharvest) of 1998. Treat-
mentswerereplicated four timeswith an addi-
tional unlabeled fertilizer control on separate
trees to assess possible changesin the natural
abundanceof **N at each application date. The
experimental design was a split plot design
with application time as whole plot and root-
stock as the split plot.

Leaf tissue samples consisted of ten fully
expanded leaves in the midsection of current
season growth and were collected monthly in
1998 for spring application and 1999 for fall
application. Wood samples were three termi-
nal wood samples per tree collected in May,
Aug., and Oct. 1999, regardless of year of
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treatment. Samples were dried in aforced-air
oven at 65 °Cto constant weight and ground to
40-mesh in a Wiley mill. Total N was deter-
mined by dry combustion (Bremner, 1996)
using aCarlo Erbaanayzer (Milan, Italy) and
5N determined on theresulting N, gasusing a
Europa Scientific Tracer Mass spectrometer
(Crew, Cheshire, U.K.).

Valuesof N recovery fromfertilizer (NFF)
were cal culated using the following eguation,
adapted from Hauck and Bremner (1976):

NFF = (15Nnatural abundance — atom%lsN)lime/
"N natural abundance — aIorn(%)lsN)fertilizer

Natural abundance of the tissue was de-
termined by control and pretreatment samples.
The natural abundance of unlabeled N fertil-
izer was 0.366%.

Data were subjected to analysis of vari-
ance (ANOVA) and mean separation by
Duncan’s multiple range test following a
significant F test.

Results and Discussion

Nitrogen uptake in apple trees expressed
as leaf N concentration or N from fertilizer
(NFF) weresignificantly affected by the sea-
son of N application, rootstock, and the date
of sampling (Table 1). Significant season of
application x rootstock and season of appli-
cation x sampledateinteractionswerefound.
Generally, higher percentage of N and >N
recovery were observed for the spring than
fall applied N, except for samples collected
during early June 1998 (Fig. 1 A and B). This
could bedueto partitioning of spring applied
N toleaves, shootsand fruitscomparedtofall
applied N, which favored roots (Khemira et
al., 1998). Percentage of leaf N during early
June was low, perhaps because fruit growth,
shoot growth and flower bud initiation al
occur at the same time, and competition for
substrates occurs among these sinks (Millard
and Thomson, 1989). For spring applied N,
%N inleavesof treeson M.26 EMLA, Pajam
1, and B.469 was higher in July compared to
Pajam 2, B.9 and Mark rootstocks (Table 2).
Other rootstocks were intermediate.

Fall-applied N resulted in trees on M.27
EMLA,Pgjam1,B.9,andB.469having higher
leaf %N compared to M.26 EMLA, Pgjam 2,
or Mark rootstocks (Table 2). M.9 RN29 and
M.9 T337 were intermediate. Percent N in
leavesdeclined from Augustto October likely
dueto dilution and remobilization of someN
for root growth or storage after leaf growth
had slowed (Millard and Thomson, 1989).

A better measure of N uptakeefficiency is
the nitrogen from fertilizer in the tissues.
This is expressed as the ratio of the tissue
enrichment of N compared to its natural
abundance and the enrichment of the fertil-
izer compared to its natural abundance. Sea-
son of application, rootstock, and sample
date were significant (Table 1).

Following springfertilization, M.9EMLA
and M9.RN29 had more N from fertilizer
(NFF) in leaves compared to Pgjam 1, Pajam
2,B.9,B.469, and M .9 T337rootstocks(Table
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Table 1. Analysisof variancetablefor %N and N from fertilizer (NFF) of apple (‘Gala') leaves as affected
by 10 different rootstocks, season of application (Season), sampling month (Sample date), and their
interactions. N wasapplied duringMay or Oct. 1998 for Spring andfall applications, respectively. Spring
and fall samples were collected during Summer 1998 and 1999, respectively. (n = 4).

%N BN%

Source DF Fvaue P>F DF Fvalue P>F
Season 1 69.61 <0.0001 1 439 <0.0001
Rootstock 9 10.36 <0.0001 9 13.29  <0.0001
Season x rootstock 9 4.67 <0.0001 9 522  <0.0001
Sample date 4 91.39 <0.0001 4 52.63 <0.0001
Season x sample date 4 93.6 <0.0001 4 111.21  <0.0001
Rootstock x sample date 36 0.83 0.7402 36 0.83 0.7422
Season x rootstock x sample date 36 1.16 0.2553 36 0.9 0.6359
Error 275 275
Corrected total 374 374
35
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Fig. 1. Effect of date of sample collection onleaf N

concentration (A) and leaf tissue N from fertilizer (B)

in apple (‘Gala’) grown at Sturgeon Bay, Wis. Closed symbols represent spring application and open
symbolsrepresent fall application. Treesreceived 40 gactual N fertilizer enrichedto 1% with®>NinMay
1998 (Spring) or Oct. 1998 (Fall). Springandfall datawerecollected during 1998 and 1999, respectively.

(n=4).

2).M.26 EMLA,M.27 EMLA and Mark were
intermediate(Table?2). Followingfall N appli-
cationM.9EMLA,M.26EMLA, Mark, B.469
and M.9 T337 were efficient at recovering N.
M.27 EMLA, Pajam 1 and Pgjam 2 were | east
efficient. Dong et al. (1998) also observed
higher N uptake in M.9 EMLA and M.26
EMLA rootstocks.

The sampling month had a great effect on
theamount of NFF in leaves. L eaf tissue NFF
was higher at all sampling dates except June
for spring applied N than for fall applied N
(Fig. 1 A and B). NFFfor the spring treatment
was highest in July and then declined through

the remainder of the season. NFF for the fall
treatment declined gradually throughout the
season. Thisis likely caused by dilution and
remobilization. This suggests that for apple
rootstocks in cold temperate regions trees are
abletotakeup moreof theapplied N following
spring application compared to fall applica
tion and that spring applied N isimmediately
utilized by thevegetativepartsof thetree, such
as new leaves and shoots.

Five M.9 clones were included in this
research. With the exception of M.9 EMLA
for fall treatment, theM.9 clonesdid not have
high leaf N concentration (Table 2). M.9
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Table 2. Nitrogen concentration (% dry wt) and N derived from fertilizer (NFF) in apple (‘ Gala') shoot leaves grown at Sturgeon Bay, Wis. Treesreceived 40 g actual
N fertilizer enriched to 1% with >N in May 1998 (Spring) or Oct. 1998 (Fall). Spring and fall sampleswere collected during 1998 and 1999, respectively. (n=4).

Rootstock

Season of N M.9 M.26 M.27 M.9 M.9

application EMLA EMLA EMLA RN29 Pgjam1  Pajam 2 B.9 Mark B.469 T337 Significance
—————————————————————— Y%drywt — - - — - - - - -~ - - === ===~ ———

Spring 2.59 cd¥ 271ab 2.66 abc 2.58 cd 270ab 259cd 257 cd 250d 274a 2.64 bc *kkz

Fall 253ac 2.33d 267a 246bd 258ab 2.38cd 258 ab 219e 258a  243bd Fokk
————————————————— % of total N derived from fertilizer - ------------ - - - -

Spring 23.16 &b 2256 b 21.96b 2562 a 1884 c 183c 18.12¢ 2212b 16.09c 185c ok

Fall 1317 ab 1365ab 10.19c 1355 ab 7.21d 9.66 ¢ 1153bc 143a 12.38ab 13.22ab Fokk

YMean separation within rows by Duncan’s multiple range test at P < 0.05.

z"Significant at P < 0.001.

RN29, Pagjam 2, and M.9T337 had low leaf N
concentration from either application time.
M.9 EMLA and M.9 RN29 had high NFF
while Pagjam 1 and Pajam 2 always had low
NFF. M.9 T337 wasmixed, having high NFF
followingfall application, but not fromspring
application.

Rootstock significantly affected percent-
ageof N (%N) and NFF of wood tissue (Table
3). Season of N application had a highly sig-
nificant effect on NFF in wood but not %N.
The sample date was highly significant for
both %N and NFF of wood tissue. There was
aso a season by sample date interaction for
both measures and a season of application by
rootstock interaction for NFF.

Trees on al rootstocks tested had the
highest %N inwood during May compared to
August or October regardless of the season of
N application(Fig. 2A). Therewerenosignifi-
cant differences between rootstocks for either
spring or fall application (Table 4). The nu-
merical differences are dight and are likely
not biologically significant either. Titus and
Kang (1982) found that N was remobilized
from apple leavesinto the woody portions of
trees.

NFFinwood tissuewashigher after spring
application than fall application perhaps due
to fall applied fertilizer being lost through
leaching or volatilization (Fig 2B). Thelowest
NFFfor all rootstockswasduringMay follow-
ing a spring application with =50% less than
August or October sampling dates, perhaps
duetoanearly depletion of stored N caused by
the large N demand of new growth of leaves
and flowers. NFF values for fall application
were steady at just <10% of total N.

Followingspringapplication, M.27EMLA,
M.9 RN29, B.9 and M.9 T337 had the highest
NFF. Pgjam 1 had the lowest NFF values.
Following fall application, M.9EMLA, M.26
EMLA, and B.469 had the highest NFF while
M.27 EMLA, Pgjam 1, Pgjam 2 and B.9 had
the lowest NFF. It is interesting that M.27
EMLA and B.9 were efficient at recovering
spring applied N, but not fall applied N. No
rootstock was highly efficient at recovering N
from both spring and fall applications.

Some similarities were found for uptake
efficiency asreflected by NFF for both leaves
and wood samples. M.9 RN29 had high recov-
ery for both leaves and wood following spring
application. Pajam 1 was inefficient for both
leaves and wood. Following fall application
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Table 3. The ANOVA tablefor percentage of N and N from fertilizer (NFF) of apple (Gala) wood tissue as
affected by ten different rootstocks, season of application (Season), sampling month (Sample date) and
their interactions. N wasapplied during May or Oct. 1998 for Spring and Fall applications, respectively.
Spring and Fall samples were collected during Summer 1998 and 1999, respectively. (n=4).

%N 5N%

Source DF F-Vaue Pr>F DF F-Vaue Pr>F
Season 1 0.01 0.9216 1 902.06 <0.0001
Rootstock 9 3.06 0.0021 9 5.94 <0.0001
Season x rootstock 9 165 0.1057 9 3.09 0.0019
Sample date 2 1023.86 <0.0001 2 82.68 <0.0001
Season x sample date 2 297 0.0544 2 70.66 <0.0001
Rootstock x sample date 18 115 0.3110 18 1.03 0.4311
Season x rootstock x sample date 18 1.07 0.3843 18 0.78 0.7258
Error 156 156

Corrected total 215 215
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Fig. 2. Effect of date of sample collection on wood N concentration (A) and wood tissue N from fertilizer
(B)inapple(‘Gala') grown at Sturgeon Bay, Wis. Closed symbol srepresent spring application and open
symbolsrepresent fall application. Treesreceived 40 g actual N fertilizer enrichedto 1% with®*N inMay
1998 (Spring) or Oct. 1998 (Fall). Springandfall datawerecollected during 1998 and 1999, respectively.
(n=4).
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Table4. Nitrogen concentration (% dry wt) and nitrogen derived fromfertilizer (NFF) in apple (Gala/ ten different rootstocks) wood tissue grown at Sturgeon Bay,
WI. Treesreceived 40 g actual N fertilizer enriched to 1% with SN in May 1998 (Spring) or Oct. 1998 (Fall). Samples were collected during 1999. (n = 4).

Rootstock
Season of N M.9 M.26 M.27 M.9 M.9
application EMLA EMLA EMLA RN29 Pgjam1 Pagjam 2 B.9 Mark B.469 T337 Significance
——————————————————————— Ydywt — —— - - - - - - - - - - - - - - — - — = —
Spring 155 16 1.56 148 148 148 1.67 1.48 1.59 1.66 NS
Fall 154 157 155 1.32 157 1.36 134 1.38 177 1.30 NS
—————————————————— % of total N derived from fertilizer - - - - - - - - - - - - - - - - - -
Spring 2322a» 234ab 2468a 25.79a 1836¢c 2292a 2489a 19.78 bc 2243 ab 2534 a il
Fall 10.58 ab 11.74a 7.08de  9.13bd 4.64f 6.24 ef 7.69 c—e 9.08b-d 10.08 a—c 8.63b—e ok

“Mean separation within rows by Duncan’s multiple range test at P < 0.05.

vs " Nonsignificant or significant at P < 0.001.

M.9 EMLA, M.26 EMLA, and B.469 were
efficientwhileM.27EMLA, Pgjam 1andPgjam
2 wereinefficient for both leaves and wood.

AmongtheM.9clonesM.9EMLA, Pgjam
2andM.9T337 had highNFFinwoodfollow-
ing either spring or fall application. Pgjam 1
had low wood NFF from both treatment times
(Table4). Therewerenorootstock differences
for wood N concentration.

Inconclusion, our research showsthat root-
stock had agreat effect on N uptake. Different
rootstocks had different efficiencies for N
uptake throughout the season. Generally, M.9
EMLA,M.26 EMLA,M.27EMLA, and B469
were themost efficient in N uptake and parti-
tioning to leaves regardless the season of N
application. Pajam 1 was the least efficient.
Time of application affected the °N recovery
of both leaf and wood tissue. Applications of
fertilizer madeinthefall strongly affected the
initial %N in new growth. Under the condi-
tions of our study, adequate N levels in the
tissues were only achieved after spring appli-
cation but fall trestment provided higher N
levelsin the early season.
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