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Abstract

Three woody specid=orsythia x intermedia ‘L ynwood’, Weigela ‘Bristol Ruby’, andPrunus laurocerasus ‘Otto Luyken’were grown
in 5 liter (# 1.3) containers with white peat and peat-reduced substrates. Plants were fertilized by a controlled-refgase or or
fertilizer. The aim was to investigate the relation between mineral N-content in the substrate and growth and N-uptake of the plants.
Plant biomass was influenced by the mineral N-content in the substrate and by the substrate, but not by the type. &léettilizer
biomass of plants in the white peat substrate was significantly greater than plants grown in the peat-reduced sulbstesties| Dif
equations describe the relation between mineral N in the substrate and biomass. Only for the white peat substrateAnduste and

was the slope of these regressions significant and the determinatificieate({?) high. Dry matter of above ground biomass was 382
of fresh matterThe root-to-shoot ratio varied widelhere was a significant exponential relation between the biomass and the height
of the plants, but not with the number of shodtse N-content of the plant was related to its fresh matter findings establish a
possibility to deduce N-uptake from plant biomass and thus improve fertilization.

Index words: fresh matterdry matter shoot-to-root ratio, plant height, peat-reduced substrate, water tension.
Species used in this studyForsythia x intermedia ‘Lynwood’, Weigela ‘Bristol Ruby’, Prunus laurocerasus ‘Otto Luyken'.

Significance to the Nursery Industry fresh matter it is possible to estimate the uptake of N. Roots
Knowing a container crop’N-uptake enables growers to ~ &ré estimated to be 30% of the shed¥-content (1)Al-

match fertilizer application with the demand of the plant and though there are data concemning % N in the biomass, only
to reduce leaching of N. By measuring the above ground freshare!y is total N-uptake reported for contaigeown plants.
matter of representative plants, N-uptake can be estimated.EVen |ess information is available concerning the contribu-
An additional chage has to be considered for the roots. ton of roots. Hence the concept to estimate N-uptake from
Knowledge concerning the biomass of shoots (aerial tissue) plant biomass as mtrodgcedb& (1) for SOI|—gFOWﬂ pIanFs
and roots will improve the estimated N-uptake of the crop. Will be tested for containggrown plants.The aim of this.
However more data are necessary to improve the prediction study was (o answer the following questions in a container
of N-uptake from the biomass. Since the mineral N-content Production system:

in the substrate is correlated with the biomass in June and * Does the mineral N-content of the substrate or the
August, but not in May (approx 6 weeks after potting), high fertilizer type afect the biomass production of the
fertilizer doses in May will increase leaching, while pIants? . .

refertilization inAugust can increasee the growth through ~ * Whatis the relation between biomass and N-content
SeptembeiDue to the low amount of available water in peat- of the plant?

reduced substrates irrigation has to be carried out more fre- * IS there arelation between biomass and other growth
quently in smaller volumes to avoid leaching. parameters such as height or number of shoots?
The experiments were carried out with two types of sub-

strates. One type consists mainly of white peat, whichis little

) ) ] ) ] decomposed peat. In most cases this substrate is used by grow-
~ Growing plants in containers is a well-established produc- grs. pye to ecological reasons because of peat extraction there
tion methodThe lage number of cultivars makes itfittilt 5 pressure to reduce the use of white peat. From this so-
to compile fertilizer recommendations. N-uptake is low; in  cajled peat-reduced or peat-free substrates are increasingly

added N is taken up by plants (3jruse et al. (20) calcu-  mainly of components which fulfilled the quality regulations
lated nitrogen recoveries from 2 to 19%. Correspondingly (13, 14, 15) for these specific constituents.

Alt et al. (2) found 40%Qorylus avellana) and 80% Ribes
sanguineum) of N given with the fertilizer which was recov-  paterials and Methods
ered neither in the plant nor in the substrate (‘unknown re-
siduals’ in N balances).

For soil-grown trees nutrient uptake was related to above
ground biomass (1,1). Thus, knowing the above ground

Intr oduction

Weigela ‘Bristol Ruby’ andForsythia x intermedia were
chosen as examples of plants with a ‘medium to high’ N-
demandPrunus laurocerasus ‘Otto Luyken’as an example
for ‘medium to low’N-demandThis classification is based
'Received for PublicatioAugust 10, 2006; in revised form November 9, 0N fertilizer recommendations provided by fertilizer produc-

2006. ers (19). One-yeanld rooted cuttings were potted into peat-
?Professar free or peat-reduced substrateall€ 1). Spacing of plants
Graduate Researéssistant, Institute of Biostatistics. was 30 x 30 cm (12 x 12 injhey were not pruned during
“Scotts Deutschland GmbMeldhauer 8. 197, D-48527 Nordhorn. the vegetation period\ white peat substrate served as the
SMAL Tflor Diingegesellschaft mbH, D-5523%zey. control. Plants were fertilized with Osmocote 6M,
SP.G Cornufera GmbHWeinstr 19, D-91058 Erlangen. 16+8+12+2+micronutrients (Scdftor by two oganic fer
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Table 1. Substrates, plants and fertilizers in the experiments.

Treatments
Substrate [v/v] Fertilizer Plant
Peat-free
40% substrate compést Osmocote 800 mg N/I (O800) Weigela ‘Bristol Ruby’
30% bark compost Maltaflor universal 800 mg/i(M800)
30% wood fibre Maltaflor universal 1200 mgYI(M1200)
Peat-free
40% substrate compést Osmocote 400 mg N/L (O400) Prunus laurocerasus ‘Otto Luyken’
30% bark compost Maltaflor universal 400 mg N/(M400)
30% wood fibre Maltaflor universal 800 mg N/(M800)

White peat 1 served as control akigela ‘Bristol Ruby’ andPrunus|. ‘Otto Luyken’, same fertilizer as in peat-free substrates

Peat-reduced

30% white peat Osmocote 800 mg N/I (O800) Forsythia x intermedia ‘L ynwood’
30% substrate compést Maltaflor special 1200 mg N/(M1200)
20% wood fibre Gunther Cornufera 1200 mg N(IG1200)

20% rice hulls

White peat 2 served as control feorsythia x intermedia ‘Lynwood’, same fertilizer as in peat-reduced substrate.

zyxAccording to quality regulations for substrates (14, 13, 15).
“Divided into 4 doses; applied at potting and the beginning of August, September
"Divided into 3 doses; applied at potting and the beginning of Julpagudst.

tilizers (Maltaflof, Gunther Cornufefa Osmocote isacon-  photometrically with a rapid flow analyser (RB0OO Alpkem
trolled-release fertilizerMaltaflor and Gunther Cornufera  Corp.).Water tension was measured weekly and water

are plant derived ganic fertilizersWeigela ‘Bristol Ruby’ characteristics of the substrates were determined with the
and Forsythia x intermedia received 800 mg N/literand M-ISHS-method (23).

Prunuslaurocerasus ‘Otto Luyken'400 mg N/liter substrate Statistical evaluation was carried out with R (12). No dis-
(0.14 and 0.07 oz/plant, resp.). Osmocote was mixed into thetinction was made between species and year of the experi-
substrates at potting. Plants receivingamic fertilizers re- ment.The first step for the statistical evaluation was to check

ceived several doses dbble 1) with refertilization by which model (linear or non-linear) describes the data best
topdressing. Plants were cultivated in 5 liter (# 1.3) contain- and which factors (mineral-N content, substrate, fertjlizer
ers and irrigated via drip irrigatioithe water tension was  and all interactions) influence the d&the decision was made
measured with tensiometers, which were connected te an ir based on highest fFirst, all the factors and interactions were
rigation device. Irrigation started automatically when the focused for the linear model, then for the non-linBactors
water tension reached 100 hHa. prevent leaching the  and interactions without an improvement for the statistical
amount of water per irrigation event was adapted to the model (no increasing)rwere eliminated. Later on, it turned
amount of available water \¥) (Table 2) per container out that only certain remaining factors were significant. Only
The experiments were carried out in a split-plot-design for these models aaNOVA was carried out.
with three replications with the substrates as main blocks
and the fertilizers as sub-plots. Plants were measured (height . .
number of shoots) and plant and substrate samples were takeft€Sults and Discussion
five or four times during the production, respectivéhtal In only one case (see below) were interactions significant,
fresh and dry matter of the plants was measurbdir N- hence main éécts are presented.
content was determined by Dumas combustion analysis (7).
Ashing of plants was carried out at 105C until a constant  Biomass of shootsand rootsand other growth parameters.
weight was achievedhe substrates were analysed for their The fresh matter of the shoots (aerial tissue) varied between
mineral N-content (8). NON and NH-N were determined 87 and 580 g/plant, shoot dry matter ranged between 71 to

Table 2. Physical properties of the foursubstrates used in the experiment.

Total Air volume Water volume Available water between
porespace at 10 [hPa] at 10 [hPa] 10 and 100 [hPa]
Substrate (viv, %) (v/v, %) (v/v, %) (V/v, %)
Peat-free 88.3(SD +1.0) 36.1 (SD £ 0.5) 52.2(SD £ 0.7) 15.6 (SD £ 2.6)
White peat 1 94.5 (SD £ 0.5) 21.0(SD £5.1) 73.5(SD £4.7) 34.1 (SD £0.8)
Peat-reduced 77.0 (SD £0.9) 21.2(SD +3.7) 59.9 (SD * 3.0) 21.3(SD +2.6)
White peat 2 90.1 (SD £0.4) 7.1(SD+2.7) 83.8 (SD + 2.4) 37.1(SD £4.8)

In parentheses: standard deviation
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Table 3. Fresh matter dry matter, and N-uptake of the plants at the end of the vegetation period.

Fresh matter  Dry matter N-uptake
N-uptake
(g/plant) (g/plant) Dry matter (g/plant)
Shoot:root  as a % of roots as a %
Plant Year Substrate Fertilizer shoot shoot roots ratio fresh matter shoot roots total of shoots
Weigela B.R. 2001 peat-free 0800 343 133 68 2.0 39 111 068 1.79 61
peat-free M800 295 103 82 1.3 35 073 082 155 112
peat-free M1200 351 113 84 1.3 32 091 092 183 101
Weigela B.R. 2002 white peat 0800 580 247 11 22.5 43 1.68 012 1.80 7
white peat M800 410 179 15 11.9 44 120 015 1.35 13
white peat M1200 570 242 15 16.1 43 1.89 0.16 205 8
peat-free 0800 330 122 15 8.1 37 0.98 016 1.14 16
peat-free M800 220 76 21 3.6 35 0.66 023 0.89 35
peat-free M1200 300 108 36 3.0 36 0.98 043 141 44
Prunus|.’O.L.” 2002 white peat 0400 134 105 nd. n.d. 78 1.03 n.d. n.d. n.d.
white peat M400 116 87 nd. n.d. 75 0.97 nud. n.d. n.d.
white peat M800 154 102 nd. n.d. 66 1.47 nd. n.d. n.d.
peat-free 0400 116 76  nd. n.d. 66 151 nd. n.d. n.d.
peat-free M400 87 71 nd. n.d. 82 1.35 n.d. n.d. n.d.
peat-free M800 93 77  nd. n.d. 83 1.97 nd. n.d. n.d.
Forsythia xi. 2003 white peat 0800 513 210 242 0.9 41 1.74 129 3.02 74
white peat M1200 507 204 159 1.3 40 158 1.09 267 69
white peat M1200 539 220 197 11 41 177 117 294 66
peat-reduced 0800 358 136 257 0.5 38 141 222 363 158
peat-reduced M1200 263 94 213 0.4 36 093 155 248 167
peat-reduced  M1200 298 109 220 0.5 37 0.80 1.38 2.18 173
247 g/plant (a@ble 3). FoMagnolia soulangeana, Forsythia in the peat-reduced substrates compared to white peat. Plants
x intermedia ‘Flojor’, Caryopterisx clandonensis ‘Heavenly with a high shoot to root ratio may havefidifilties surviv-
Blue’, Hydrangea paniculata ‘Grandiflora’ dry matter of 70— ing in environments where water and nutrients are not easy
115 g/plant were reported (9). Craig et al. (6) found 70-170 available (10).
g/plant @ronia arbutifolia and Cotoneaster dammeri). For Trees and shrubs are not sold according to their biomass,

Weigela ‘Bristol Ruby’dry matter varied from 77-137 g (4).  but according to their height and number of shoots. For both

In the experiments reported in the literature rooted cuttings white peat and peat-reduced substrates the relation between

or young seedlings are used while plants in the experimentsthe height of plants and the above ground biomass was best

presented here are one year alder described by an exponential equation (white peat: y =
Dry matter of the deciduous shrubs (withBuatinus|.) is 0.37X%8 2 0.85; peat-reduced y = 0.23% r? 0.82). In both

38% of the fresh mattewith a variation of 32 to 44%. Dry  cases the slope is significant (p < 0.001). Concerning the

matter ofPrunusl. amounted to 75% of the fresh mattext{le number of shoots there was a linear relation, the slope and
3). In the experiments &ndersen and Hansen (3) the dry the intercept are significant (p < 0.05). Howewbke deter
matter was only 24% of the fresh mathdt (1) reported for mination coedfcient (hereinafter abbreviated &% was low
soil-grown trees and shrubs 37% as the ratio of fresh matter(0.23). From this it can be concluded that increasing
to dry matter with a variation of 25 to 46%. ExceptRfounus aboveground biomass favours plant height, but not the num-

. the ratio of fresh matter to dry matter of the container grown ber of shoots.
plants is in the range of those grown in the soil.

Allocation of biomass to the roots fiifed widely The Above ground biomassin relation to mineral N in the sub-
shoot to root ratio varied between 0.4 and 22.5, being higher strate, kind of substrate, and type of fertilizer. All data are
than 10 only three times out of 15afe 3). Craig et al. (6) presented iTables 3 and 4The mineral N-content in the
reported shoot to root ratios of 2 and S5Aoonia arbutifolia substrate from May untugust significantly influenced the
andCotoneaster dammeri respectivelyAn increasing shoot fresh matter produced until October (p < 0.01). Moreover
to root ratio from 1 to 10 with increasing nitrogen applica- the kind of substrate influenced the fresh matter production
tion rate was measured in experiments Wignstroemia from May toAugust (p < 0.05), iugust there was an inter
gymnanthera by Conden et al. (5). Similarly Larimer and action with the substrate (p < 0.001). In no case the type of
Struve (10) stated the relative dry weight of roots from seed- fertilizer had a statistically significantfe€t nor showed in-
lings of Quercus rubra decreased with increasing N- teractions.
fertigation from 69 to 53% and of roots frofger rubrum As an example Fig. 1 shows the relation between mineral
from 50 to 33% of the total dry weight. In a review of the N in the substrate in June and fresh matter of the plants in
literatureAlt (1) calculated a mean shoot to root ratio for October Less than 200 g fresh matter/plant is produced by
deciduous trees and shrubs of 2.8—3.3 and for coniferous treedrunus laurocerasus ‘Otto Luyken’. Within this group
of 3.0-3.1, the mean of both being 3Apart from the ex- slightly higher fresh matter production results from plants
ceptions already mentioned, the shoot to root ratios in the grown in white peat. Concernifgrsythia x intermedia and
experiments presented here are in the range given in the lit-Weigela all plants grown in peat-reduced and peat-free sub-
erature. Fokkigela andForsythia the shoot to root ratios  strates yield a lower fresh matter (> 200 and < 400 g/plant)
are — though not statistically significantly (p =0.07) —lower than those grown in white peat (> 400 g/plant).
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Table 4. Mineral N-content in the substrates.

Mineral N-content (mg/l)

Plant Year Substrate Fertilizer May June August October
Weigela ,B.R.’ 2001 peat-free 0800 90 47 28 17
peat-free M800 47 25 10 6
peat-free M1200 13 7 22 6
Weigela ‘B.R.’ 2002 white peat 0800 263 230 61 50
white peat M800 119 69 116 18
white peat M1200 161 183 237 48
peat-free 0800 137 183 59 89
peat-free M800 3 69 85 66
peat-free M1200 7 124 115 129
Prunus!.’O.L. 2002 white peat 0400 n.d. 45 7 4
white peat M400 n.d. 14 11 2
white peat M800 n.d. 38 20 4
peat-free 0400 n.d. 83 28 45
peat-free M400 n.d. 17 26 13
peat-free M800 n.d. 48 78 33
Forsythiaxi. 2003 white peat 0800 73 96 82 62
white peat M1200 11 89 73 73
white peat M1200 93 60 93 64
peat-reduced 0800 46 204 150 133
peat-reduced M1200 21 46 67 96
peat-reduced M1200 38 38 54 138

The best fit (f) for the relation between mineral N in the until October In the peat-free and peat-reduced substrates
substrate and fresh matter production of the plants is giventhis was the case only August; however? was very low
using diferent equations: exponential (y Zjptogarithmic From May toAugust the determination cdigients are not
(y = a(In)x + b), and linear (y = ax + b)dBle 5).The equa- higher than 0.34 for the peat-free and peat-reduced substrates,
tions are valid only in the range of mineral N contents mea- indicating that at most 30% of the variation in fresh matter
sured in these experiments (3—260 mg N/liter). Only for the can be explained by the mineral N-content in the substrate.
white peat substrate is there — from June éntgust — a For the white peat substratéss almost 0 in May and in-
statistically significant positive &fct of the mineral N-con- creases irAugust (0.82). (&ble 5). From Fig. 1 it can be
tent in the substrate on the amount of fresh matter producedhypothesized that the fresh matter production in plants grown
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Fig. 1. Fresh matterproduced until Octoberin relation to mineral N in the substrate in June.

J. Environ. Hort. 25(1):36-42. March 2007 39

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



Table 5. Summary of estimated parameters and determination coétient (r ?) of the regression of the N-content in the substrate and thedsh matter
production until October.

White peat substrates Peat-reduced and peat-fee substrates
Type of regression a b r2 Type of regression a b r2
May y=ax+b 0.3 ns 480.9*** 0.01 y =aX 230.4%** 0.08 ns 0.34
June y=a(n)x+b 201.0**  -459.8 ns 0.69 y=ax+b 0.53 ns  214.9*** 0.02
August y=a® 40.9%** 0.54%** 0.82 y=ax+b 225.3** 0.49 ns 0.05

in white peat substrates is greater than those grown in peat-Rohde foiForsythia x intermedia (16, I),Loniceraxylosteum
reduced substrateBhis is confirmed by the t-test (p < 0.05). (16, 1), andPhiladelphus inodorus (16, IlI). Only in five

In May, the mineral N-content in the substrate does not cases (out of 24) was the mineral N-content less than 30 mg/
influence plant fresh weight produced until Octobéiis is liter (Table 4). Higher substrate mineral N-content had no
not surprising since plant growth and N uptake is very small influence on the fresh matter production of the plant. Based
at the beginning of the vegetation period (4, 6). Release of on the determination cdafients 70 to 80% of the fresh
nutrients from controlled-release fertilizers can be low in this weight variations can be explained by the mineral N-content
period of time. Matching nutrient to crop demand will mini-  of the substrate. For the peat-reduced substrate the mineral
mize nutrient loss and reduce fertilizer cost. Mineral N-con- N-content is between 3 and 204 mg/liteging less than 30
tent from May to June ranges from 7 to 263 mg!/liter mg N/liter 12 times (out of 33) @ble 4). But the?is very
cording toSchitt et al. (18) optimum growth can be expected small. The influence of the mineral N content in the sub-
when the N concentration in the substrate is above 30 mg/strate on plant growth seems to be overridden by another
liter, provided there is further N supply from either slow- growth factorThis is supported by grouping the data in Fig.
release fertilizer or N mineralization fromganic fertilizers 1 which shows that with a similar mineral N content the peat-
or refertilization. Similar results were reported by Réber and reduced substrate yields plants with less fresh weight. From

300
250 -
—e— peat-reduced
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Fig. 2. Water tension during growth of Forsythia x intermedia ‘L ynwood'’ in a peat reduced and in a white peat substrate.
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Fig. 3. N-content in the shoot in elation to shoot flesh matter(end of vegetation period).

this and from the smalf it is not the mineral N content but
another growth factor which impaired plant growth in the
peat-reduced substrafehis is supported by the %N in the
one-yeatold shoots, which were in the range 0.76-1.16 for
Weigela and Forsythia (data not given). Fokonicera
xylosteum 0.5-0.7% N is reported to be Baient (16, I1)
and forPhiladelphus inodorus 0.6—0.9% N (16, Ill). From
this we hypothesized that the available watevjAn the
peat-reduced substrates was not adequagesamount ofAW

is less in peat-reduced substrateh(& 2) compared to white

‘Otto Luyken’was calculatedl here were no diérence be-
tween the slopes for the white peat and the peat-reduced sub-
strates. Since slopes and intercepts are very similar (results
not shown) data for both substrates are used to calculate the
linear regressiofy = 3.14x) From this approximately 0.31

g N is taken up when 100 g fresh matter (shoot and leaves)
was produced. Most of the data are within a confidence in-
terval of+ 0.1 g N/100 g fresh matten one case the calcu-
lated data underestimate the measured N uptake by 0.29 g.
The N uptake of roots in relation to the shoots varied much

peat and water tension during plant growth was higher dur (between 7 and 170%) with the mean of 81%. Hence, total N
ing periods with high water demand (Fig. 2 as an example uptake of a plant with 100 g fresh matter amounts to 0.56 g.

for Forsythia x intermedia). Thus, irrigation frequency has

However deviation from actual data due to the variations in

to be increased with peat-reduced and peat-free substrates.root growth can be lge. The N-uptake of the wintgreen

N-uptakein relation to plant fresh matter. Fig. 3 shows the

relation between the amount of fresh matter in the shoots

shrubPrunus laurocerasus is much higher: 1.18 g N/100 g
fresh matter (shoots).
Relating N uptake to fresh matter production is an easy-

and the N-content. For plants with fresh matter between 200 to-apply instrument for growers to assess the N uptake of
and 600 g per plant there is a linear relation between freshtheir crop by measuring the aboveground amount of fresh
matter and N-content of the shoots. For amounts of fresh matter of representative plants. In most cases only dry mat-
matter < 200 g/plant there is no such relation. In these caseder and N concentrations are reported in the literature which
the wintegreen shrubiPrunus laurocerasus ‘Otto Luyken’ does not allow the calculation of total N uptaketal N-

was investigated, while plants with more than 200 g fresh content, howeveis essential for fertilizatioT.he following
matter/plant ara\eigela ‘Bristol Ruby’ and Forsythia x data were taken from the literature by estimating fresh mat-
intermedia ‘Lynwood’. Since there were not enough data to ter from dry matter using the already mentioned proportion
test the diference between winigreen and deciduous plants, of 38% dry matterCraig et al (6) showed an N-uptake of 0.8
the option of a statistical evaluation was abandoned and aand 3.1 g/plantCotoneaster dammeri ‘Coral Beauty' Aronia
linear regression excluding the dataPofinus laurocerasus arbutifolia ‘Brilliantissima’, shoot), which is approximately
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0.76 and 0.87 g N/100 g shoot fresh mafer Cotoneaster
dammeri ‘Skogholm’ an N uptake of 0.30 and 0.38/100 g
fresh matter was calculated (22), fRhododendron
‘Sunglow’ 0.38, 0.57 and 0.59 g N/100 g fresh matter (21).
Larimer and 8Suve (10) reported a calculated uptake of 0.33
g N/100 g fresh matter f@uercusrubra and 0.65 g N/100 g
fresh matter foAcer rubrum seedlings. For rooted cuttings
of Acer x freemanii E. Murr. ‘Jeffersred’(17) a N-uptake of

0.27-0.30 g in one growing season and 0.37-0.48 g in an-
other growing season was calculated. Our own data give 0.31

g N/100 g fresh matter which is at the lower end of this range.

3. Andersen, L. andV. Hansen. 2002. Leaching of nitrogen from
container plants grown under controlled fertigation regimes. J. Environ. Hort.
18:8-12.

4. Bohne, H. and H. Schacht. 2002. Einsatz v@anischen Diingern
und Ermittlung der Nahrstfsfufnahme bei der Containerkultur Vdgigela
'Bristol Ruby’ in einem torfreien Substrat. Erwerbsobstbau 44:172-180.

5. Conden, B., S.LWarren, and FA. Blazich. 2003. Nitrogen nutrition
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