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Although for both varieties, there was an increase

in total quantities of nutrients accumulated in leaves
with increasing crown height, there was generally a slighﬁ
trend toward decreased nutrient concentration per unit dry
weight with increased crown height. Differences were not
consistent or clear-cut and therefore unlikely to be of
significance in leaf sampling for diagnostic purposes which
is generally carried out at shoulder-height (in the middle
crown region). |

~In the present study, annual nutrient returns from
mowing the orchard sward were very much greater than either
fertilizer inputs of hutrients returned to the orchard floor
at leaf fall, Hence nutrient cycling by the sward is
likely to be an important factor determining the nutrient,
status of this orchard, Although amounts of nutrients
removed at fruit harvest were quantified, definite state-
ments regarding optimal fertilizer rates could not be made
since other nutrient losses such as those in the pruning
wood and by leaching out of the rooting zone of the soil

profile were not known,



213

9,5 Summary

Leaves and fruit of Golden Delicious and Granny Smith
apple trees, pruned on the Hawkes Bay tree-training method,
were sampled at two-weekly intervals from bloomtime to leaf
fall from the bulk of the top, middle and bottom thirds of
the tree crown,

Levels of Ca and Mg per unit leaf area showed a
general increase as the leaves aged, while N, P and XK con-
tents stayed relativelyrconstant. VWiith decreasing height
in the crown, tree leaves had a markedly lower dry weight
per unit area and lower conténté of N, P, K, Ca, Mg, chloro-
phyll and soluble carbohydrates per unit area, but the area
per leaf was not significantly affected. The trends were
more pronounced in the upright bush-like Golden Delicious
than in the spindly more open-centred Granny Smith trees.

On a dry weight basis, differences in leaf nutrient content
with crown height were not consistent or clear-cut and
therefore unlikely to affect leaf sampling for diagnostic
purposes,

The dry weight per fruit and the amounts of all
nutrients per fruit increased throughout the season.

With decreasing crown position there was a decrease in

fruit size, dry matter content and soluble carbohydrate con-
centration and an increase in green colouration, total N and
free oC-amino N concentration. The increased size of fruit
from the upper crown position resulted in greater amounts of
N, P, K and Mg per fruit in Golden Delicious but not in

Granny Smith. Thus the self-shading nature of the Hawkes
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Bay training method may be detrimental to the production of

- large, highly coloured fruit.

The largest dry weight and nutrient accumulation of
both leaves and fruits was in the middle crown position
of the trees followed by the lower and then the upper
regions, The gquantities of nutrients removed in the fruit
crop at harvest time as caléulated from two years data

expressed in kg ha™! yr-1

were for Golden Delicious: N, 23;
P, 4; K, 120; Ca, 5; Mg, 4 and for Granny Smith: N, 13;

P, 3; K, 57; Ca, 3; Mg, 2. The quantities of nutrients
returned to the orchard floor at leaf fall in kg ha™! yr~|

were for Golden Delicious: N, 35; P, 3; K, 26; Ca, U5;
Mg, 7; and for Granny Smith: N, 35; P, 2; K, 25; Ca,
34; Mg, 6.



" the Sa;’g and e(_as nulrient.

9,6 Refercnces

Allen; S.e. (1974) . '"Chemical Analysis of Ecological
Materials'. (Blackwell: Oxford)
» flﬁranzr v Mon cwapk No 7

Bremner, J.M. (1965). 7\ Total nitrogen. In 'Methods of
S0il An:xl sis, (Ed. C.A. Black), pp. 1149-78,
(Amer. Soc. Agron., Inc.: Madison, Wiscons sin),

van den Driessche, R. (41974):- Prediction of mineral
nutrient status of trees- by foliar analysis,
Bot, Rev. LO, 347-94.

-"Greenham, D.W.P, (1976). The fertilizer reguirements
of fruit trees. . Proc, Fert, Soc., No., 157.

and Goh, K. M. .
Haynes, R.J.,» (1980). Some effects of orchard soil
management on sward composition, levels of available
nuirients content, of mature 'Golden Deliclous' apple

trees, Scientia Hort. 13,15 -25.

Jackson, J.E. (197%a). Fatterns of distribution of
follagr and light, In 'Climate and the Orchard',
(Ed. H.C. Pereira), pp. 3 -L{. (Commonwealth
Agricultural Bureaux: England).

Jackson, J.E. (1975b). Effects of light inten51ty on’
growth, cropfing and fruit guality. ~ In 'Climate
and the Orchard', (Ed. H.C. Pereira), pp.i{7 -

25. (Common\ealth Agricultural Bureaux England).

Jackson, J.E., Sharples, R.O., and Palmer, J,%W. (1971).
The influence of shade and within-tree position on 5
apple fruit size, colour and storage qudlity. '
J. Hort. Sci. 46, 277-87.

Jackson, J.E,, and Palmer, J.W. (1977). Effects of
shade on the growth ard cropping of apple trees,
I. Experimental detalils and effects on vegstative
growth, J. Hort, Sci. 52, 2u5-52,

- mee o

Jackson, J,BE,, Palmer, J.W., Perrlng, M.A., and Sharples,
R.O. (1977). Effects of shade onyfrowth,agdcrorsing ¢S eppian
chemical composition and quality at harvest an on Sretgreat]
after storage. J. Hort, Sci. 52, 267-82.

John, M.K. (1970) Colorimetric determination of phos-
phorus in soil and plant materials with ascorbic
acid, 8011 Sci. 109, 214-20, .



20

Leece, D.R., and Gilmour, A.R. (41974). Disgnostic leaf
analysis for stone fruit 2. Seascnal changes in
the leaf composition of peach, fust., J. BxD,
Apric, Anim. Husb, 14,822 -82"7,.

.;Oe'ul'

Morgan, M.A., andlﬂennerty, M.T., (1975). Seasonal
changes mineral concentrations of four apple
cultivars, Sci, Froc. Royal Dublin Soc.,
Series B, 3, 331-40.

Preston, 4.P. (1974). An apple tree shaping and spacing
experiment. J. Hort, Sei. 49, 297-300,

- Raeside, J.D., and Rennie, W.F. (1974). Soils of
Christchurch region New Zealand: +the soil factor
in regional planning. N.Z. Soil Surv. Rep. 16.
"(N.2. Soil RBureau: delllnﬁton)

Rogers, B.L., and Batjer, L.P. (41954). Seasonal trenis
of six nutrient elements in the flesh of Winesap
and Delicious apple fruits. Proc. Lmer. Soc, Hort.

§_9_i_. 63; 67—73'

Rogers, B.L., Batjer, L.P., and Thompson, A.H. -(1953).
Seasonal trend of several nutrient elements in
Delicious apple leaves expressed on a per ceat and unit
area basis. Proc, Amer. Soc. Hort. Sci, 61, 1-5,

\ ‘ . .

Silbereisen, R, {(1974). Studies on the influence of «
apple leaves on- fruit growth,in relaticn tec ths
type of shoot and tine, Gartenbhauyiss. 39, 201 -
223,

Smith, P.F. (1962). Mineral anzlysis of plant tissues.
Amln ReV. Pl‘ant Fh‘/olOl. 13, 81 -’108. ’

Tromp, ¢. (1977). Growth and mineral nutrition of
apple fruits as affected by tempsrature and relativa
~air humidity. In 'Environmental Effects on Crop
Physiology'. (Eds. J.J. landsberg and C.V. Cutting),

o pp. 101-16. (Academlc Press: London).

Wilkinson, B.G., and Perring, M.A. (1964). Changes in

. the chemlcql composition of apples during develo“"ﬂnt ,an
near plcklng time, Jd. Sci, Fd, Agric,., 15, 146-52

Woodwell, G.M. (1974). Variation in the nutrient con-
tent of leaves of Quercus alba, Queércus cocegcinea, and
Pinus rigida-in the Brookhaven forest r'rom bud-break
to abscission. Amer. J. Bot. 61 749-53.




CHAFTER 10

DISTRIBUTICN AND BUDGET OF NUTRIENTS

IN A COMMERCIAL APPILi ORCHARD

—



DISTRIBUTION AND BUDGET OF NUTRIZNTS
IN A COMMERCIAL APPLE ORCHARD

by R. J. HAYNES and K. M. GOH

Department of Soil Science, Lincoln College,

Canterbury, New Zealand.

KEY WORDS

Apple orchard Biogeochemistry Ca Cl K Mg
N Na Nutrient budget P 3

218

Accepted for publication, Plant Soil 55 (1980).




219

jO.1 Introduction

The increasing costs of fertilizers, plus an increas-
ing awareness of the pollﬁting effects that excess fertilizer
applications have on the environment, has led to intensified
attempts to quantify the movement of nutrients into, within
and out of agro-ecosystens, Such transfers of nutrients
within agro-ecosystems may be described in terms of nutrient
budgets which can be used as valuable tools in estimating the
nutrient requirements of crop,plants5. Nutrient cycling data
from 65 agro¥ecosystémé from around the world have recently
been described in detaila.I{owever, of these, only one related
directly to the general orchard situation.

The grassed-down deciduous orchard receives nutrient
inputs in the forms of fertilizers, irrigation water, bulk
precipitation, orchard sprays and dry fallout, The cyeclic
return of nutrients occurs in throughfall, leaf-fall in
autumn and by the return of herbage clippings upon mowing of
the orchard floor, Nutrient losses occur through the
removal of the fruit crop and pruning wood from the orchard
as well as by leaching and gaseous losses, This paper
presents the results of a two-year trial to determine the
distribution and major inputs and losses of nutrients from a
fully productive grassed-down commercial apple orchard in

Canterbury, New Zealand.
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10,2 Materials and methods

The site

The study was conducted on a commercial orchard in Canterbury,
New Zealand, which is situated approximately 7.2 km from the
nearest sea coast and approximately 6.9 km from the centre of
Christchurch city. The trial was carried out over the 1977~
78 and 1978-79 growing seasons. The 11-year-old Golden
Delicious apple trees on Northern Spy roctstocks were trained

on the Hawke's Bay training system21

and were planted semi-
intensively in rows 5 m apart, 4 m within the rows (approx.
500 trees/ha). The soil was a Taitapu silt loam®2 (Tableil.)
developed on a silty greywacke alluvium; the~site had been
under unsown pasture for 8 years previous to the commencement
of the present study. The site was fertilized in September
and November of each of the 2 years with 200 kg/ha Nitrophoska
Blue, the composition of which in percent was: N, 12.1; P,
5.1; S, 8.1; K, 14.3; Ca, 3.5; Mg, 1.4 An additional
dressing of 100 kg/ha urea was applied in February of the
first season, Annual rainfall from August to August 1977-
78 and 1978-79 was 778.8 and 805.8 mm respectively. Three

irrigations of approximately 63 mm each were applied during

the summer of each of the 2 seasons,
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Sampling

A grassed-down treatment, without herbicide strips, from an
orchard soil management trial was used for this investigation.
Grass was mown when 18 cm high; this closely resembles normal
orchard practice in the study area, The treatment was
replicated five times (2 trees per plot) in a completely
randomized design along two rows of a commercial orchard.
Standing crop biomass was estimated by a non—destruct}ve
method in June 1979. Tfee branches were divided into

classes (<1 cm, 1-3 cm, 3-6‘cm and 6 em diameter) and

the length of each class estimated on each of the ten trees
studied, Representative branch samples from each diameter
class of each tree were sampled in July 1979, at the time of
pruning, and after oven drying at 105°C the mean mass per

unit length was calculated. Weight of pruning wood was
measured in the field in July 1978 and 1979 and subsamples

were taken for moisture content determination and subsequent
chemical analysis. Litterfall was collected biweekly in
autumn 1978 and 1979 in large woven polyester traps extending
15 m in radius from the tree trunk, Root biomass was sampled
using a 3 cm diameter tube soil sampler to 65 cm depth,

Samples were taken randomly within an‘area 2 m radius from each
tree trunk (30 cores per tree). Biomass of herbage on the
orchard floor was determined by digging out five 30 cm2 areas
to a depth of 40 cm from each plot. The soil profile was
sampled in July to a depth of 65 cm using a 2.4 cm diameter tube

sampler' (4 cores per plot).
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3, 10 were installed at 65

Aldunum tension lysimeters
em depth, 80 cm from the tree trunk, in three rardomly chosen
grassed-down plots. The vacuum reservoir was maintained at
a vacuum equivalent to 400 cm H2O and the manostat adjusted
to maintain a tension on the plates of 100 cm H2O. Leachate
was monitored weekly during periods of rainfall, Rainfall
and throughfall collectors (cbllecting funnel diameter 10 cm)
were constructed from 7.5 cm diameter alkathene pipe and
black polythene sheeting (A.H. Horn, pers. comm., 1976).
Throughfall collectors were placed in tree rowé 70 cm from
tree trunks; tree canopies extended in a radius of ;bproxi—
mately 150 cm from trunks. Rainfall collectors were placed

along tree rows between tree canopies. Bulk precipitation

also included inputs by routine orchard sprays.

Chemical analysis

Plant samples for chemical analysis were oven dried at 7OOC
and then ground. Plant material was digested by a modified
semimicro-Kjeldahl method using Na2SOu as a catalyst, The
diluted digest was analysed for total N by steam distillationz,
P by the molybdenum blue method“1L and K, Ca and Mg by atomic
absorption spectroscopy. Scdium and Cl were extracted from
plant tissue with distilled water (4:200 sample-water ratio)
by shaking for 24 hours. Extracts were analysed for Cl by a
modified automated mercuric thiocyanide method25, and Na by

~

atomic emission spectroscopy. Total 5 was determined follow-

23

ing bicarbonate oxidation using a modified procedure of



223
" Johnson and Nishitsc- .

For soil, total N was determined using a modified
semimicro-Kjeldahl procedure9 and organic C by the Walkley
and Black dichromate oxidation method1. Exchangeable
cations were extracted with 1N ammonium acetate for 30 min
(1:15 soil:extractant ratio). The filtered solution was
analyzed for K, Ca, Mg and Na by methods described pre-
viously. Soil CEC was determined by a leaching method1
using 1N ammonium chloride followed by 1N sodium chloride,
Available P was extracted by the method of Colwellu and
determined colorimetrically1lt Sulphate—s was extracted
with 0.,01M Ca-Hz,POu3for 24 hours (1:5 soilssolution ratio)
and was measured by the modified Johnson and Nishita method.zé

Lysimeter leachate, rainfall and throughfall water
samples were filtered through No. 42 filter paper and stored
in polyethylene bottles (with a few drops of toluene added)
at 5°C until analyzed. Water samples were analyzed for
chlorid.e?5 , nNitrate~N by the copperized cadmium reduction
method 11 and ammonium~N by the phenol hypochlorite reaction 26
all using a Technicon Auto Analyzer, Bicarbonate was analyzed
by titrating an aliguot with 0,025 N HC1 using methyl orange
as an indicator, Calcium, Mg, K and Na were measured as before
by atomic absorption and emission spectroscopy. Sulphate-S
was measured turbidimetricallyﬁa* and phosphate-P by the molybdenum
blue method1lﬁ Throughfall and lysimeter leachate samples were
analyzed for total N by the Kjeldahl technique and after addition
of nitrate-N values the results were used in the N budget.

Throughfall samples were digested with nitric/perchloric acid and

analyzed for total P and S by methods already described. These
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results were used in calculating P and S throughfall fluxes.
Preliminary chemical analyses of rainfall and lysimeter leach-
ate samples showed no significant dif'ferences existed between
total P and ionic phosphate-P and between total S and sulphate-
S, hence ionic constituents were used in calculating the P and =
S budgets. The fertiliser was analyzed for P, K, Ca and Mg
after Na2005 fusion and for water soluble Na, Cl, sou-s and

total N by methods already outlined.

Lysimeter data

Ground water recharge was computed for each month by sub-
tracting potential evapotranspiration (FET) from bulk pre-
cipitation. The FET values were calculated by the Penmanzo
formula using data from the Christchurch airport meteorological
station, Since no leachate could be collected during or after
late summer irrigations, leaching losses during this period
were assumed to be negligible. Actual volumes of leachates
collected were not used since other work on the Canterbury
Ilains12 showed that the mean volume of water collected by
aldenum tension lysimeters was approximately 20 times that
calculated by a daily water balance method. Lateral water
flow may occur in these layered soils which are primarily a

: 10
result of alluvial sedimentation from river systems. ' 1%
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~ 10.3 Results and discussion

Solil properties

Some properties of the soil profile are shovn in Table .,
The A horizon is that of a fertile grassland soil, The
exchangeable cation levels in the A heorizon would all be
considered medium to high1 (viz. 0.6, 12.8, 2,5 and 0,3 me %
respectively for K, Ca, Mg and Na), Levels of aVai}able P
and sou-s in the A horizbn 50 and 9 ppm respectively are
also reasonably highjz? j Nutrient reserves are shown in
kg/ha per horizon in Tablel..2. Generally it can be concluded

that there are large reserves of nutrients in tle soil under

the orchard of this study.

Orchard vegetation

1. Standing biomass nutrient contents

The distribution of dry matter and reserves of nutrients in the
tree biomass is shown in Table!)3while those of the
orchard floor vegetation and total standing biomass are shown
in Table (0.4 In terms of dry matter yield, the tree biomass
contributes 3,5 times that of the orchard floor herbage,
However, because of the substantially higher nutrient content
of the grassy herbage, more than half of the nutrient reserves
of N, S, C1 and K occurred in the pasture component. For P,

Mg and Na nutrient reserves there were almost equal contributions



Table 101 Soil Characteristice at the Orchard Site

Horizon and depth (cm)

Froperty A B BC c
0-18 18-33 33-u46 L6-65

Texture silt silt silt silt
loam loam loam loam

pH 6.1 6.1 6.1 644

CEC (megq®) 20,2 15.3 12.9 11,7

N (%) 0.33 0.17 0.08 0.08
c/N . 11,2 10.6 13,6 12,5




Table40,2 "Available" Nutrients in the Soil at the Crchard
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Site (kg/ha)
Horizon and depth (cm)

Nutrient A B BC c
0-18 18-33 33-146 L6-65
Available P 96 28 26 10
SOu_-S 15 12 17 18
Exch. K ye3 243 225 <99
Exch, Ca 14590 2880 2160 1980
Exch. Mg 531 513 585 630
Exch, Na 117 153 153 162
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“from the pastures and the trees but mofe than half the Ca
reserves occurred in the tree wood, The proportion of total
nutrient reserves below-ground for trees was between 20 and 48
percent for the elements studied, but this above-ground
preponderance was reversed in the pasture herbage where
between 50 and 68 percent of nutrient reserves were below-

ground,

2. Nutrient returns from standing biomass,

Nutrient returns to the orchard floor through petal fall,

fruit drop, leaf fall, foliar leaching and pasture herbage
mowing ére summarized'ih Table0.5to facilitaterapid comparisons
with the various nutrient inputs and losses, Nutrient returns
were dominated by those from herbage clippings. The gquantit-
ies of nutrients returned in the clippings on this orchard are
similar to returns found in many temperate pasture827. With

the exception of Na, P and S, the return of nutrients in the
herbage clippings was considerably higher than the total nutrient

input, However, the grass probably takes up most of the

nutrients released by its mowings, thus rendering them unavailable

to the trees, The cyecling of nutrients by the pasture component

is likely to be of some importance in terms of maintaining the

nutrient status of the surface soil in a grassed-down orchard,
Leaf fall also contributed significant guantities to the

total nutrient returns but returns by follar leaching, petal

- fall and fruit drop were only small, With the exception of

Cl and Mg, the nutrient reserves in the woody above-ground tree

tissues exceeded those in deciduous tree leaves which fell to

the ground. The leaf fall spread sparsely over the entire

orchard floorr(in alleys as well as tree rows) and observations

suggested that the breakdown time for the bulk of the litter
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Table 10.3 Nutrient Content (kg/ha) of the 1l4-year—old
Trees in the Orchard, June 1979

Tree branch diameter (cm)

Total Total
1 1-3 36 6 aboveground roots

Dry matter 309 776 1796 13925 16806 3496
2.8 U3 6.1 26.5 39.7 27.6

P Oui 0.5 0.9 L2 6.0 5.6

S 0.3 0.5 0.7 7.0 8.5 3.9

Cl 0.2 0.3 0.6 365 Le5 le3

K 1,5 2.5 4.9 25.1 33.9 16.8

Ca 4.9 6.8 9.0 62,7 83.5 21.0

Mg 0.6 0.6 1.3 5.6 8.0 3.5

Na 0.3 0.5 0.5 2.8 L.l 1.4
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Table 10,4 Distribution of dry matter and nutrient content
in the components of the total vegétation on

the l4-year-old orchard, June 1979 (kg/ha).

Pasture Pasture Total Total Total

aboveground belowground pasture bgz‘;em:ssvegetation
Dry matter 1703 3945 5648 20302 25950
6642 105.7 171.9 67.3 239.2
P b6 5. 9.7  11.6  21.3
5.6 10.7 1643 12,4, 28,7
Cl 12.4 ‘15-0 27.4 57 3341
K 4.8 75.0 149.8 50.7 200.5
Ca 16.3 35.5 51.8 10L.4 156.2
Mg 4.8 7.9 12.7 11.5 24,2

Na 1.9 3.9 508 5.5 11,3




Table 10.5 Summary of the nutrient budget on a2 mature Golden Delicious apple orchard

( Mean values of two years' data)

Amount kg/ha/yr
ha/yr N P s c K Ca Mg Na
INPUTS
Precipitation 792 mm - - 2,5 36,7 5.0 be2 2.9  17.3
Irrigation 191 mm 9.6 - 7.0 20.9 1.9 17.1 1.3 15.2
Fertilizers 71,6 20,4 3204 - 57.2 14,0 5.6 -
TOTAL : 8il.2 20.4 L1.9 ‘57.6 6.1 35.3 9.8 32.5
RETURNS - |
Petal fall 4 kg 0.1 - - - 0.2 - - -
Fruit drop 223 kg 361 0.3 0.3 0.2 4.1 1.5 0.4 0.1
leaf fall 2221 kg 32.6 3.9 2.8 2Ue3 25.7 53.5 6.7 1.2
Foliar leaching 133 mm 1.9 O.L 2.3 LN 3.1 1.1 0.7 1.4
Grass clippings 10873 kg 507.7 28.4 359 78.9 L08.5 90.7 21,0 13,1
'~ TOTAL 545.4 33.0 L1.,3 106.8 u441.6 146.8 28,8 15.8
LOSSES |
Fruit crop 5250 kg 21.3 4.0 0.2 15.2 120,0 L.4 3.7 2.6
Pruning wood 507 kg 3.9 0.5 0.h 0.2, 2.3 5.6 0.6 0.1
leaching loss 381 mm 33.1 0.1 271 65.9 1.7 L7 35.3 76.9
TOTAL 58,3 L.6 28, 0 81.3 124.0 54,7 39.6 75.6
INPUTS-LOSSES +22,9  +15.8 13%9 =23.7 -59.9 -19.4 -29.8 -47.1

iz
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fall was approximately 9 months, hence there was no visible
humus layer accumulation,

Nutrient returns as presented in Tablelos5are not
complete since the annual turnover of roots from both trees
and pasture herbage were beyond the scope of the present study.,.
Research in forests and grasslands have indicated that such

returns may be guite large.

Ionic composition of water samples
1 . Bulk precipitation.

The ions Na© and C1~ are the‘mbst'prevalent inorganic ions in
the bulk precipitation (Table [0.6)., The Na® accounts for 58
percent of the total cation content while Cl~ accounts for 58
percent of the total anion content, On the equivalent basis
Ca2+ and Mg2+ also make a significant contribution. These
results seem to indicate a significant contribution of sea
salts to the measured precipitation, The dispersion of sea
salts such as NaCl and MgSOu in atmospheric aerosols is a
fairly well-known process18.

The pH of the bulk precipitation had a mean value of
5.8 which is considered near neutral since the pH of distilled
water in equilibrium with atmosphere CO, alone is 5.7. The
equilibrium pH, low souz‘ concentrations and the absence of

NO. in the bulk precipitation indicate that industrial pollut-

3

ion is not a major contributor to the ionic composition of the

precipitation,.
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Table 10.6 Weighted mean ionic composition of bulk rrecipitation

throughfall and lysimeter leachate during the

two years of the trial

neq/litre
Ion .
Bulk Lysimeter
precipitation Throughfall leachate

" 1.6 + 0.2% 0.5+ 0.1 -
K+ 16 .3 _‘t loh- 5)4-05 :‘_‘. 1507 lle? i 203
Nat 93.9 + 13,1  145.1 + 28,6 877.7 + 126.5
e, * | - 23,7 + 9.2 T -

ca®* 23,9 + 2.1  55.4 & 10,3  591.5 £ 90,5
Mgt 30,2 + Li0  65.2 + 16,2  777.3 + 182.6
Total cations 165.9 344.3 2258,2
N03_ - - 5534 + 227.8
c1” 131.7 + 25.3  255.4 + 75.4 195,90 + 109,1
HCO,~ 23.2 + 0,1 4l.h + 0.5 612.7 & L9.5
50,,%” 19.4 + 3.3 55,7 + 12.9  LU49.2 & 116.3
Total anions 174.3 353.6 2311 ,0
Total

ionic strengtn 350.2 697+9 Lel9.2
pH 5.8 6.3 7.3
Specific

Sohdustapes 3641 126.5 2L0.7

¥ Standard errors shown,
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2. Throughfall,

As bulk precipitation passed through the apple tree canopy it

was enriched in both cationic and anionic constituents (Table 0.6
). The throughfall had a higher pH than the precipitation

due to exchange processes in which H' ions in the rainwater

replace nutrient cations held in binding sites in the leaf

cuticleBo.

There are various possible sources for the
dissolved substances in the throughfall including (1) nutrients
in the incident precipitation, (2) washing of impacted
particulates, (3) washing or leaching of nutrients with a
normal gaseous phase which are incorporated directly on or into
plant leaves, and (u) 1eaching of root absorbed nutrients out
of vegetational tissues. Their relative importance is not
entirely clear16 and probably varies depending on local condit-
ions, Warm northwest winds on the Canterbury Plains often
result in dust storms, thus surface depositions of particulate
matter on leaf surfaces are likely to contribute significantly

to the chemical enrichment of the precipitation as it passes

‘through the tree canopies.

3 Lysimeter leachate.

No one cation or anion dominates the lysimeter leachate

chemistry (Table!s.6), The major cation constituents are

2+ + 2+ 2

Mg~ , Na’ and Ca“’ while Hco3 , C1°, 50), " and NOB_ are the major

components of the total egquivalent anion content. The

relative concentrations of cations (Tablel&S)are not in com-

16, 17

since con-
2+

Plete agreement with those of other workers

2+

centrations of Mg and Na‘ are higher than that for Ca

which is not usually found, In addition, the X" concentrat-
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ions in the present study are very low in comparison with the

-other cations, Thus in comparison with other studies, the

data in Tablel¢.sshows an abundance of Mg and Na in the leach-
ate, the origin of which needs further study.

The total ionic strength of the lysimeter leachate
(4649 ueg/litre) is approximately 13 times that of the bulk
precipitation (350 ueq/litre}. A primary factor here would
be the concentrating effect of.evapotranspiration although
reserves of soil nutrients plus chemical weathcring and related
phenomena such as lateral flow of nutrients may also~contribute
to the concentrating effect especially in the cage of Ca, Mg
and Na15. The contribution of éhemical weathering is beyond
the scope of the present study.

The irrigation water originating CTrom geoasdosizyr (elkl
depth 21 m) was, as expected, less concentrated in nutrients
than the lysimeter leachate but appreciably more nutrient rich
than the bulk precipitation. The mean concentrations of ions
in the irrigation water expressed in ueg/litre were: NOB—’
350; €17, 259; 80),°"
58,

, 200; K, 26; Na, 348; Ca, 450 and Mg,

Nutrient budget

A summary of the mean nutrient inputs and losses in the orchard
under study over the two year periocd is presented in Table 2.5

As has been discussed previously, some nutrient inputs by

particulate matter have not been taken into account while a

certain quantity of nutrients classified as leaching loss
would originate from chemical weathering, Because of the
short-term nature of the present study, separate estimates of

the nutrient uptake by the trees were not attempted. How=-
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_ever, since the trees were at a mature stage, uptake can be
estimated approximately as the sum of the nutrients removed
in the fruit crop plus the pruning woodw This estimation
assumes that in mature trees nutrient acquisition in new growth
and thickening 1s approximately equal to nutrient removals in
the pruning wood. Hence nutrient removals by net uptake from

soil to plant are more or less incorporated into the budget.
Both the direction amd magnitude of the net change are
important considerations‘in evaluating input-output budgets,
Over the two years of the present study, inputs minus losses
were positive for N, P and S, and negative for Cl, K,.Ca, Mg
and Na, The major inputs of N, P, K, and S were through
fertilizer additipnslwhile the'major inputs of Na and Cl were
in precipitation plus irrigation. Both sources were important
_inputs in the case of Mg and Ca. Additional N inputs are
likely to have occurred through symbiotic N fixation since the
mean composition of white clover (Trifolium repens L.) in the

‘herbage clippings over the two years was approximately 20 per-
cent.‘ An estimation of the extent of such inputs was not
attempted because a separate study revealed levels of NO5—N in
the surface soil (0-5 cm) during summer in excess of 15 ppm which
are 1ikéiy to be inhibitory to symbiotic N fixation19. On the
other hand, losses of N are likely to have occurred through de-
nitrification, particularly following fertilizer N applications.

The data presented in Table!0.5show that of the total
water input, approximately 39 percent was calculated to drain
through the soil; this is in the same order as elsewhere,

For example, in Western Europe where inputs averaged about
700 mm, the average was 50 percent under fallow and 25-20 per-
cent under cropping17. For Na, Mg, Ca, Cl and S, the major

loss was through leaching while for N, losses were about



equally partitioned between the fruit crop and leaching.

The behaviour of K and P in the system differed from those

of other elements in that the major loss was in the harvested
crop and furthermore, the net loss for K was over twice that
of any other element studied. Thus the uptake of avallable
so0ll X by the trees for fruit production was much more import-
ant than leaching losses in the overall nutrient balance of
the orchard under study.

In a similar study on an orchard ecosystem in Japan,
Yatazawa® calculated leaching losses of N and K (61~and L3
kg/ha/yr respectively) td be much greater than those found in
the present study However, fertilizer inputs in their study
(204 and 143 kg/ha/yrfor N and K respectively) were also very
much higher,
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—10.,4 Conclusions

Over the two year period of the present study, with
the exception of N, P and S, losses of nutrients from the orchard
exceeded inputs, hence a net loss of Cl, K, Ca, Mg and Na
occurred. The high levels of available nutrients in the
surface soll plus the high rates of irrigation during summer
resulted in vigorous sward growth and probably luxury nutrient
uptake (mean nutrient contents of the sward clippings in per
cent were: N, L.65; P, 0.27; 8, 0.33; Cl, 0.73; K, 3,76;
Ca, 0.83; Mg, 0.49; Na, 0.12), Therefore, the quantities
of nutrients_returned in herbage clippings may not all have
been required:fof sWérd regfowth, thus significant leaching
losses of the relatively massive guantity of nutrients
returned in the sward clippings may have occurred. This could,
in part, explain the net loss of nutrients from the system,

However, in the case of K, the major loss occurred
through‘fruit harvest and concomitant leaching losses were
small, The total annual input of K during the two years was
approximately half the amount taken from the orchard at fruit‘
harvest. However, leaf K content in January of the second year
was 1.1 per cent which is quite adequate, S50il reserves of
nutrients including K were alsc reasonably high (Table |0.’),
Release of clay-fixed K may be a partial explanation for the
apparently plentiful supply of soil K since the predominant con-

stituents of the clay fraction of the soil were the 2:1 minerals
(illite and vermiculiteffl Soil K reserves could have built up
in previous years since the crop yields in the two years of the'
previous study were particularly heavy for trees of their age
and substantially greater than in previous years when similar
fertilizer inputs were applied. Although total losses of

Ca and Mg substantially exceeded total inputs,
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fertilizer inputs were similar in magnitude to losses in fruit
crop plus pruning wood, Hence the negative budget values'for
Ca and Mg do not indicate that higher fertilizer applications
are required, rather they probably reflect large leaching losses
due to more-than-adequate fertilizer inputs in previous years.
The positive nutrient budget for N, P and S plus the fact that
fertilizer inputs greatly exceeded amounts calculated to be
used by the trees, indicates that the present rates of N and P
fertilization are higher than required. The large amounts of
S added are due to S being the counterion for K in the fertili-
zer épplied.

The nutrient budget therefore provided valuable short-
term information regarding the fertilizer requirements of this
orchard. Nevertheless, long-term nutrient cycling data
throughout the life of orchards under different management
techniques are still required in order to accurately predict
the fertilizer needs of orchards at different stages of develop-

ment.
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10,5 Summary

Data on the dry matter distribution and nutrient
reserves (N, P, S, Cl, K, Ca, Mg and Na) in the standing
biomags of a grassed-down 1. year-old apple orchard are
presented together with mean estimates of nutrient inputs,
returns and losses over a 2 year period,

The major inputs of N P K and 8 were through fertili-
zer additions, The major inputs of Na and Cl were in bulk
precipitation plus irrigation whilst both sources were
important for Mg and Ca. Total inputs by precipitation
plus irrigation'plus fertilizer in kg/ha/yr were:

N, 81; P, 20; S, 42; cC1, 58; K, 64; Ca, 35; Mg, 10

and Na, 33. Nutrient returns to the orchard floor were
dominated by those from returns of herbage clippings originat-
ing from the mowing of the orchard pasture, Autumn leaf fall
also contributed significant quantities to the total nutrient
returns, Total nutrient returns to the orchard floor

through petal fall, fruit drop, leaf fall, foliar leaching
(includes leaf washing) and pasture clippings in kg/ha/yr
were: N, 545; P, 33; S8, 41; Cl1,107; K, LL42; Ca, 147;
Mg, 35 and Na, 16, The major loss of Na, Mg, Ca, Cl and S
was through leaching (this may include a certain amount of
chemical weathering). In contrast, the major loss of P and K was
in the harvested fruit crop, while for N, losses were about
equally divided between the fruit crop and leaching, Total
nutrient losses from the orchard by removal of the fruit crop
and pruning wood plus leaching losses were éstimated in
kg/ha/yr at: N, 58; P, 5; S, 28; Cl, 8l; K, 124; Ca, 55;
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Mg, 39 and Na, 80, Inputs minus losses in kg/ha/yr were
positive for N, P and S (+ 23, + 16 and + 14 respectively )
and negative for Cl, X, Ca, Mg and Na (- 24, - 60, - 19,

- 30 and - 47 respectively).
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11 GENERAL SUMMARY AND CONCILUSIONS

It is well known that,in the long-term, orchard
s0il management technigues can affect tree growth plus fruit
yield and quality by influencing many important factors in
the orchard ecosystem including the microclimate of the
orchard floor, soll physical preperties, moisture and nutrient
avallability to the trees and losses of nutrients from the
system. In the present study, a soil management field trial
was set up on a block of 11-year-ocld Golden Deliciou? apple
trees situated in a comﬁercial orchard in Canterbury, New
Zealand, The treatments cphsisfed of (a) grass sward mown
at either 9 cm height or 18 cm height or controlled with the
use of a grass suppressant, maleic hydrazide, (b) total herbi-
cide coverage (zero tillage) using simazire/paraquat or
terbacil and (c) clean cultivation., The effects of the three
contrasting soil management practices on the soil physical
properties, levels of available nutrients in the soil and tree
leaf nutrient content were examined over a three-year period.
A nutrient budget was also constructed from 2 years' data ob-
tained from the same orchard site. A subsiduary three-year
field trial, on a different site, was carried out to examine
the interactions of N fertilization and irrigation on the
growth of newly planted young Golden Delicious apple trees
grown under either clean cultivation or grassing down.

It was found that a grass sod greatly reduced the growth
of newly-planted young apple trees in comparison with clean
cultivation, This effect is known to be the result of fierce

competition for nutrients (particularly N) and Wéter between
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the grass sod and the tree crop. Thus it is common practice

in New Zealand, as well as many other parts of the world, to

carefully cultivate around young apple trees for the first

5 or so years. Grassing down in the early stages of orchard
establishment would necessitate large applications of N
fertilizers and/or high levels of irrigation.

However, a review of literature revealed that after 410
years or so, trees grown under continued grassed management
may catch up to those initially faster-growing trees from
cultivated treatments. 1In general, varieties of apple appear
to véry in their response to grassing down depending upon such
factors as tree_vigour'and date of fruiting, Thus, in the
long-term, the effect of grass sod may or may not be detri-
mental to appls tree growth depending on levels of available
solil moisture and nutrients as well as apple variety.

Furthermore, the frequent mowing of the grass sod below
the trees can result in the cycling of applied fertilizer
nutrients such as P and K which can be reflected in higher
concentrations of P and K in leaves and fruit of trees from
grassed down rather than cultivated treatments, A trend to
higher leaf K concentrations in trees from grassed rather
than cultivated treatmenfs was noticed after only 3 years of
treatments,. |

Frequent mowing of the grass and the consequent cycling
of elements which are not often applied to orchards in large
guantities (e.g. Ca and Mg) may play an important role in
preventing the leaching of these cations out of the surface
soil. For example, in comparison with continued graés cover

after only 3 years, both cultivation and herbicide treatments
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resulted in the loss of Ca and Mg from the surface soil with

-a consequent decrease in percentage base saturation and an

accompanying increase in exchange acidity and a drop in soil
pH. This phenomenon may be of significance to orchard trees
growing under herbicide soil management since this treatment
has been shown to encourage greatly increased tree root density
and activity in the top 15 cm of the soil profile, This would
facilitate soil acidity related plant disorders where there is
a drop in surface soil pH. In the long-term, physiological
disorders resulting from an imbalance of nutrient cations
within the tree could aiso occur due to the accumulation of K
and the depletion of Ca and Mg under herbicide management,
Levels of P and K, which were applied to the orchard in
relatively large guantities, tended to be lowest in the surface
soils under cultivation, intermediate under grassing down, and
highest under herbicide management. The relatively friable
consistence and good soil structure resulting in high infil-
tration capacity under cultivation probably facilitated down-
ward movement of fertilizer nutrients into and below the root-
ing zoné. In contrast, surface soil compaction under the
herbicide treatment resulted in the accumulation of fertilizer

P and K near the soil surface. To a certain extent, the

. above nutrient distribution may complement tree root distribut-

ion in the soil profile since cultivation results in the death
of roots down to the depth of cultivation. On the other hand,
the lack of interspecific root competition under herbicide

treatments encourages greater tree root activity in the surface
20 cm of soil than that under sward management. Nevertheless,

it seems possible that the surface accumulation and slow down-
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ward movement of fertilizer P and K plus the proliferation

- of tree roots in the surface soil may facilitate more effic-

ient fertilizer use under herbicide management., Thus, over-
seas workers (see Chapter 2) have shown that the accumulation
of K in the surface soil under herbicide treatments can result
in higher tree leaf and fruit K concentrations than trees

from grassed-down plots. |

In the course of constructing a nutrient budget on
the orchard site, it was observed that large dif ferences
existed in fruit size and colour with crown position in both
Golden Delicious and Gfanny Smith apple trees train;d on the
Hawkes Bay tree_training method; Leafl welght per unit ares,
starch, soluble carbohydrate and insoluble N content of leaves
plus the volume, dry weight and soluble carbohydrate concentrat-
ion of' fruit all decreased significantly with decreasing cfown
height. Thus, the self shading nature of the Hawkes Bay tree
training method appears to be detrimental to the production of
a large number of large sized highly coloured fruits,

The nutrient budget constructed on a mature orchard
over é“2—year period provided valuable short-term information
regarding the fertilizer requirements of the orchard, The
positive nutrient budget (inputs minus losses) for N, P and S
plus the fact that fertilizer inputs greatly exceeded amounts
calculated to be taken up by the trees, indicated that rates
of N, Pand S fertilization were higher than reguired,
Although the total annual input of K during the two years was
approximately half the amount taken from the orchard at fruit
harvest, no indications of K deficiency were observed in the

trees. Concomitant leaching losses of K were small., At
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least in the short-term, soil K reserves appeared adeguate

" for continued tree growth. The negative nutrient budget

values for Ca and Mg probably reflected large leaching losses
due to more-than-adeqguate fertilizer inputs in previous years.
Nevertheless, in order to accurately predict the fertilizer
needs of orchards at different stages of development, there
is a requirement for long-term nutrient cycling data through-
out the 1life of orchards under different management tech-

niqgues.,
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Appendix 1.1 Monthly amounts of bulk precipitation,
throughfall and calculated leachate,

Year Month prec?S%%ation Thrgughfall g;igg%aggd
(mm) mm) leachate
(mm)
1977 A 5L 41 53.6 29.2
S 101 .4 100,.6 51 .4
0 23,6 2l .1 -
N 32.4 26,0 -
D L2,6 34e5 -
1978 J L8.,9 3549 -
F 201 13.3 . -
M 25.6 18.4 -
A 160.3 95.9 120.3
M  56.9 56.6 .7
J 101.2 100,14 95.6
J 112.0 112,86 87.4
A 63.1 63.8 45,5
S 72,9 70.6 .9
0 61.0 53.7 -
N Ll .4 38.8 -
D 1484 108.9 19.7
1979 J 20.9 16,3 -
F 48.4 39.9 -
M 132.7 26,2 751
A 9.3 8.6 -
M 104.9 100 .1 84,8
J et 3.6 -
J 96.3 95.1 79.9




" and C1° in

Appendix 1.2 Monthly flux of ionic SOu
bulk precipitation,

Year Month - S Cl

1977 A 0.17 2,02
3 0.29 5.14
0] 0.06 1.25
N 0.10 1.89
D 012 2.13

1978 J 0.13 2.02
F 0,06 1 .01
M 0.07 1.20
A 0.5 8.62
M 017 2.92
J 0.36 4.50
J 0.34 5.15
A 0.20 2.4
3 0.30 2.57
0 0.20 2.96
N 0.13 1.93
D 0,38 6.26

1979 J 0.06 0.
F 0.15 2,36
M 0.39 6.64
A 0.03 0.4
M O.42 .92
J 0,02 0.17
J 0.43 La17
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"Appendix 1.3 Monthly flux of K, Ca, Mg and Na in bulk
precipitation..

1

kg ha™
Year Month
K Ca Mg Na
1977 A 0. 24 0.28 0.17 0,93
S 0.67 0.61 0.32 2,27
0 0.25 0.15 0,08 0.50
N 0.23 0.15 0.12 1.00
D 0.40 0.16 0.20 0.9
1978 J 0.32 0.22 0.19 1.08
P 0.25 0.08 0.08 0.4k
M 0.28 0.10 0.08 0.55
A 0.82 0.79 0.55 L. 3L
M C.h2 0.26 0.21 137
J 0.1 0.37 0.28 2.4
J 0.63 0.45 0.40 2.53
A 0.35 0.28 0.14 115
S nn 0.36 0.21 1.2
0 0,42 0.27 0.29 1.26
N 0.32 0.3 0.17 0.74
D 0.65 0.74 0.47 3.4 6
1979 J 0.22 0.98 0.07 o.h4h
F 0.40 0.23 0.18 1.04
M 0.79 0.68 0.66 2.83
A 0.17 0.05 0.04 0.19
M 0.52 0.7 0.37 2.53
J 0.15 0,02 0,02 0.09
J 0.56 0.47 0.39 1.9
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Appendix 1.4 Monthly flux of total N, S and P and ionic C1~
in throughfall,

1

kg ha”
Year Month
Total N Total S Total P Ionic C1
1977 A - 0.46 - 1.89
S - Q.52 - 3. 81
0 - 0.32 - 1.23
N 0.26 0.63 0.09 2,66
D 0.73 1.1 0.11 3. 81
1978 J 0.54 1.08 0.1L4L 3.22
F 0.1 0.56 0.19 2.24
M 0.67 0.63 0.16 . 2.84
A 2.03 3.03 0.25 10.05
M - - 0.47 - 2e77
J - ' 0.66 - 3.82
5] - 0.80 - 4.38
A - 0.5 - 2.23
S - 0.62 - 1.82
0 - 0.68 - 1.50
N 0.46 0.94 0153 3.67
D 0.51 3.03 0.11 6.90
1979 Jd 0.53 0.61 0.14 2,69
P 0. 71 1.32 0.20 ey
M 1.32 0.89 0.3 4,20
A 0.98 0.28 0.12 1.13
M - 0.90 - L.45
J ~ ' 0.12 - 0.15
dJ - 0.97 - 3.75




Appendix 1.5 Monthly flux of K, Ca, Mg and Na in

throughfall,
kg ha ™1
Year Month
K Ca Mg Na
1977 A 0.32 0.27 0.19 1.18
S 0.42 0.62 0.33 2.27
0 0.28 0.2 0.18 0.53
N 0.5 0.27 0.28 1.25
D 0.53 0.56 0.45 1,77
1978 J 1.74 0.77 O.46 1.46
F 0.75 0.26 0.13 0.7
M 0,87 0.38 0.26 0.86
A L. 69 1.69 0.85 Iy 81
M 0,L8 0.26 0.2 1435
J 0.49 0.38 0.32 2.3
J 0.68 0.43 0.42 2,62
A 0.37 0.3 0.18 1,21
) O0.L3 0.36 0.24 1.19
0 0.7 0.50 0,37 0.33
N 0.77 0.33 0.33 2,60
D .92 2.52 142 463
1979 J 0.97 0.24 0.23 0.66
F 1.9 0.83 0.43 0.99
M 144 0.42 0.32 1,30
A 0.49 0.09 0.08 0.35
M 0.54 O.44 O, 2,43
J 0.1l 0.02 0.01 0.08
J 0.59 0.46 0,40 2.0
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 Appendix 1.6 Monthly flux of total N, S and iomic C1
and P in lysimeter leachate,

1

kg ha”
Year Month
Total N Total S Ionic C1 Ionic P
1977 Aug 2.65 2.54 5,02 0.01
Sep 2.67  L.44 9.25 0.01
1978 Apr 15493 7.87 19.92 0.03
May 2.11 2.70 9.39 0.01
June Lo 36 6.00 21.75 0.02
Jul  7.39 6 .43 13.87 0.02
Aug 375 2.67 9.46 0.0
sep  2.97 2,09 5.77 0.01
Dec 1.16 1.57 .63 0.0
1979 Mar L.48 6.U5 12,80 0.02
May 9.15 5.32 10.62 0.02

Jul 9.61 6.72 9. 32 0.02




Appendix 1.7 Monthly flux of K, Ca, Mg and Na in

lysimeter leachate.

=

kg ha
Year Month -
K Ca Mg Na
1977 Aug 0.21 6.28 %.12 6.78
Sep 0.23 6 .84 L.12 10,68
1878 Apr 0.56 9.72 14 .87 2L, 65
May 0.16 6.45 3,59 8.60
June 0.32 8.23 8,47 16,84
Jul 0 .40 8.66 8.07 15.51
Aug ‘0.20 6.66 Ly, 32 2.96
Sep 0.5 6.27 3,06 7.78
Dec 0.4 5.84 1.95 5.70
1979 Mar 0 .26 7ol 6.67 13,82
May 0.42 8.58 7.40 16,98
Jul 0.34 8.36 8.32 16 42
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Appendix 1.8 Dry matter and nutrient content of pruning wood, petal fall, fruit drop,
' fruit crop and leaf fall, '

1

g tree”

Dry . .

matter N P S : Cl1 K Ca Mg
Pruning 1977-78 1142 8.6 1 41 0.8 0.4 4.5 12.0 n
wood 1978-79 887 6.9 1.0 0.6 0.4 L.3  10.3 1.2
Petal 1977-78 9 0.21 0.0  0.01 -, 0,0 0.4  0.03 0.02
fall 1978-79 g 0.19 0.03 0.04  0.01 0.39 0.02 0.02
Pruit 1977-78 LSy 6.2 0.6 0.7 0.y 8.4 3.0 0.7
drop 1978-79 1140 6.0 0.6 0.6 0.4 8.1 2.9 0.7
Fruit 1977-78 1 3640 8.8 8.9 0.5 2.7  270.7 9.6 8.4
crop 1978-79 101 60 36,4 x 0.3 26.1  209,3 8.0 6.4
Leaf 1977-78 1,631 6li. 8 7.6 5.5  47.7  51.0 105.3 13,3
fadl 1978-79 14253 65.6 8.0 5.7  L9.5  51.8 108.7  13.5
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Appendix 2A

EFFECT OF CROWN POSITION ON THE CHEMICAL COMPOSITION
OF GOLDEN DELICIOUS AND GRANNY SMITH APPLE LEAVES AND
FRUIT.

KEY WORDS: Apple tree, leaf analysis, fruit analysis.

R.J. Haynes
Department of Soil Science, Lincoln
College, Canterbury, New Zealand.

ABSTRACT:

The effect of crown position (upper, middle and
lower) on the chemical composition of Golden Delicious
and Granny Smithiapple leaves and fruit was investi-
gated at harvest time. The mature trees used in the
study were trained on the Hawke's Baymultiple leader
system. Leaf weight per unit area, starch, soluble
carbohydrate and insoluble nitrogen content of leaves
plus the volume, dry weight and soluble carbohydrate
concentration of fruit all decreased significantly with
decreasing crown height. Although concentrations of N
and P in the leaves did not differ greatly with crown
height, concentrations of N and P of fruit juice
increased quite markedly with decreasing crown height.
In the leaves there was a general increase in K, Ca and
Mg concentrations with decreasing crown height, but
concentrations of these elements in fruits showed no
definite pattern. The interrelationships between leaf

and fruit composition are discussed.

INTRODUCTION

In a recent review of foliar analysis of forest

trees?® it was concluded that a number of different

Published in Comrun. Soil Sci. Plant Anal. 11, 393-L05,
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nutrient distribution patterns within the tree crown
exist. The extent of crown closure may effect the
pattern, for example in a closed canopy, shading of
the lower portions of the tree may result in a lowered
photosynthetic rate causing less 'nutrient dilution"
in leaves by new-carbohydrate production (hence higher
nutrient concentrations) in comparison with leaves
from upper branches'?®.

Shading of apple leaves is known to reduce leaf

8

thickness and density’ 17and may increase leaf nutrient

concentrations?®. Shading may also alter the composition

10 Thus the chemical

and quality of apple fruit’®
compositoﬁ of both leaves and fruit would be expected to
change with crown position and furthermore, changes
would be expected to be more marked in those cultivars
with a natural upright self shading growth habit (e.g.
Golden Delicious) than in those with a more spindly open

canopy (e.g. Granny Smith).

Visual assessments on a commercial apple orchard
indicated that large differences existed in fruit size
and colour with crown position in Golden Delicious and
to a lesser extent in Granny Smith trees. The present
study was conducted to ascertain the extent of such
differences in the two cultivars when grown on the
Hawke's Bay multiple leader tree training system®®

on a commercial orchard.

MATERIALS AND METHODS

The experiment was conducted on a commercial
orchard block containing thirteen year-old Golden
Delicious and Granny Smith trees on Merton 793 root-
stocks both trained on the Hawke's Bay tree training
system. The trees were planted semi-intensively in
rows 5 m apart, 4 m apart within the rows. The

orchard was situated on a Taitapu silt loam®®



developed on a silty greywacke alluvium. Twenty trees
of each variety were sampled at harvest time (1979);
fifty leaves were picked from the top, middle and
bottom thirds of the trees at random distances from the
trunk. Twenty <fruit were sampled from each sampling
height. It is accepted that differences occur between
the composition of apple fruits, and presumably leaves,
from the inner shaded parts of the tree and the outer

exposed parts of the tree® '! 16,

In the present study,
leaves and fruit were sampled randomly from within the
upper, middle énd lower crown, hence values presented
are mean values which represent the average composition
of leaves;and_fruit-from‘within the bulk volume of the
upper, middle and lower crown. Leaf area was measured
with an electronic leaf area scanner. Fruit volume.

was determined by displacement upon rapid emersion in

water.

Leaf samples for chemical analysis were freeze
dried and ground. Fruit samples were cored, peeled
and homogenized in a Waring blender in a 1:2 flesh to
distilled water ratio and extracted in a Buchner funnel.
Plant samples were digested by a modified Kjeldahl method
using Na,S0, as a catalyst. The diluted digest was
analysed for total N by steam distillation?®, P by the
molybdenum blue method!?? and K, Ca and Mg by atomic
absorption spectro-photometry. Soluble N was extracted
from 0.5g of leaf material with 50ml of ethanol-
chloroform-water (12:5:3) at -15°C for 24 hours with
occasional shaking®. An aliquot (15ml) was analysed
for total soluble N by the Kjeldahl technique.
Chlorophyll content was measured by extraction in acetone
and colorimetric measurement in an ether phase at 660

and 643nm’'. Starch was extracted with 60% perchloric
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acid and measured colorimetrically, soluble carbohy-
drates measured using anthrone, and total ecamino acid
N measured by deamination with ninhydrin and measure-

ment of ammonia after distillation®.

RESULTS AND DISCUSSION

Interrelationships between Fruit and Leaf Composition

The surface area per leaf remained relatively
constant with crown position, however, weight per unit
leaf area decreased markedly with decreasing height in
the crown for Golden Delicious and to a lesser extent
for Granny Smith (Table 1). Chlorophyll content did
not differ appreciably on a weight basis (Table 1), but
since weight per unit area of leaf increased signific-
antly with increasing crown height, the chlorophyll
content per unit leaf area also increased markedly
with increasing crown height. Thus there may be a
greater potential ability to produce assimilates per
unit leaf area in leaves from the upper crown positions.
The starch content of leaves clearly decreases with
decreasing crown height in both varieties even when
expressed on a dry weight basis. There is also a
decrease in the content of soluble carbohydrates in
Golden Delicious leaves on a dry weight basis and
in both varieties when expressed on a leaf area basis.
Thus there appears to be a greater proportional
accumulation of available and storage carbohydrates in
leaves from the upper crown and/or a greater trans-
location from, and utilization of, carbohydrates from

leaves in the lower crown position.



TABLE 1

Effect of crown position on the composition of apple leaves at harvest

Weight

Solubtle Soluble Soluble-

Variety Crown. per unit Chlorophy1l S}arch carbohydrates nitrogen nitrogen
Position area (mg/g) (%) (%) (%) (% of total N)
: (mg/100cm?) . ° °
Golden Top 1019 ¢ 2.36 1.83 11.3 : 0.128 8.0
Delicious Middle 653 b 2.48 1.72 10.8 0.139 8.7
Bottom 448 a 2.56 1.43 10.1 - - 0.145 9.9
Granny Top 1051 b 2.63 2.06 8.9 0.127 8.9
Smith Middle 796 a 2.81 1.61 9.1 0.126 8.9
Bottom 601 a 2.97 0.98 9.0 0.135 9.0

Values within one column within one variety followed by
different by Duncan's Multiple Range test (P=<0.05).

the same letter are not significantly

99¢
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There is probably a lower rate of photosynthate
production in leaves from the lower shaded parts of the
trees'® and a consequent greater proportional demand
and utilization of assimilates by developing fruits from
those regions of the tree. There wasasignificant dec-
rease in volume aﬁd dry weight of fruit samples with
decreasing crown height (Table 2). The soluble carbohy-
drate content of fruit juice was also clearly decreased
with decreasing crown height. Shading per se. is known

to reduce fruit size? !!

primarily due to fewer cells per
fruit. However, leaves are.entirely dominant as producers
of assimilates for fruit growth" and furthermore carbohy-
drate supply from leaves is khown'to play a dominant

role during the cell enlérgement phase of fruit growth'® .
Thus decreased light intensity reaching the bulk of

leaves in the lower shaded regions of the tree may
TABLE 2

Effect of crown position on some physical characteristics
and soluble carbohydrate content of juice of apple fruit

at harvest.

Mean Mean Dr Soluble
. Crown - Fresh y carbohy-
Varilety A Volume . Matter
Position (m1) Weight (%) drates
(g) (g/100ml)
Golden Top 163 125 14.1 20.1
Delicious Middle 141 110 11.9 17.9
Bottom 126 107 10.1 14.4
Granny Top 221 123 12.6 15.2
Smith Middle 209 157 11.3 14.1

Bottom 153 119 9.9 12.9




Effect of crown position on the nutrient content of apple leaves at harvest

TABLE 3

Variety Crown Nutrient composition (% OD weight)
Position -
N P =K Ca Mg
Top 1.61 b 0.175 b 0.62 a 1.75 a 0.26 a
Golden .

e Middle 1.63 b 0.163 b 0.95 b 2.10 a 0.31 a
Delicious Bottom 1.49 a 0.106 a 1.45 ¢ - 1.90 a 0.30 a
Granny Top 1.43 a 0.089 a 0.91 a 1.03 a 0.24 a
Smith Middle 1.41 a 0.088 a 1.03 ab 1.42 ab 0.25 a

Bottom 1.47 a 0.090 a 1.16 b 1.55 b 0.26 a

Values within one column within one
significantly different by Duncan's

variety followed by the same letter are not

Multiple Range test (P=<0.05).

89¢
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result in a decreased ability of leaves to produce
assimilates and a consequent proportionally larger
drain in assimilates from source (leaf) to sink
(fruit).

The increasing levels of soluble nitrogen and
soluble nitrogen as a percentage of total N with
decreasing crown height and therefore a corresponding
decrease in the proportion of structural protein N
may be due to the translocation of assimilates away
from leaves, thus decreasing the size of the pool of
assimilates used for the synthesis of structural N

compounds.

Nutrient content of Leaves and Fruit

There was little difference in the concentrations
of N and P (Table 3) in the leaves with differing
crown height. This indicates that the larger (thicker)

leaves from the upper crown were able to attract more

P and K from other parts of the tree than could the

thinner leaves from the lower crown positions. However,
for K, Ca and Mg there was a general decrease in
concentration with increasing crown height which can be
attributed to a dilution effect brought about by

increasing thickness of the leaves in the upper crown.

Changes in ionic composition of fruit juice did
not reflect those in the leaves, for example, in the
fruit there were very marked increases in the concen-
trations of N and P with decreasing crown height (Table
4). Since increases in fruit mass with increasing
crown height were not nearly as great as those for
increases in mass per unit leaf area, the above effect
cannot be attributed to a greater dilution effect in
the fruit. There was a increase in fruit Ca concen-

tration with decreasing crown height in Granny Smith,



Effect of crown position on the ionic

TABLE 4

composition of juice of apple fruit at harvest

‘ Total .
Variety Crown N P K Ca | Mg Na |
Position ug/ml ug/ml ug/ml - ug/ml ug/ml ug/ml
Golden T?p 97.8 24.7 780 36.1° 28.9 22.3
Delicious Middle 160.7 26.3 786 32.9 26.3 23.1
Bottom 216.3 33.8 845 28.8 22.4 19.9
Granny T?p 178.1 3.7 - 981 16.3 25.7 19.5
Smith Middle 220.1 48.1 975 19.5 26.1 16.3
Bottom 259.8 51.0 978 39.3 28,0 17.9

0lc



apart from which, there appecared to be no definite
trend in the concentration of elements other than

N and P with crown height. These results confirm
13

those of Perring who observed that N and P conc-
entrations in apple fruit and leaves were not -
correlated and suggests that leaf composition does

not necessarily indicate fruit composition.
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__Appendix 2B

A COMPARISON OF TWO MODIFIED
KJELDAHL DIGESTION TECHNIQUES FOR
MULTI-ELEMENT PLANT ANALYSIS WITH

CONVENTIONAL WET AND DRY ASHENG METHODS

KEY WORDS: Plant digestion, wet oxidation, dry oxidation,
nutrient elements

R.J. Haynes

Department of Soil Science, Lincoln College, .
Canterbury, New Zealand.

ABSTRACT

The efficiency of two modified Kjeldahl procedures (H2504_

H202—Lizso4—Se and H2SO4—NaZSO4) for digestion of plant tissue

for analysis of P, X, Ca and Mg contents was compared with a con-
ventional wet (HNO3—HC104) andva dry ashing procedure. Six plant
tissues were chosen as test material: leaves of Malus pumila
Mill,, Medicago sativa L., Dactylis glomerata L., fruit and wood
tissue of M. pumila and Nothofagus mensiesii QOerst. leaf litter.
Apart from low P contents of M. pumila wood tissue by dry ashing,
the mean P; K; Ca and Mg contents as determined after the four
digestion procedures were in good agreement. Furthermore, the
precision of the data for each element was generally quite similar

for each of the digestion methods . The N contents determined by

the two modified and a conventional Kjeldahl procedure (HZSO4—

Published in Commun,., Soil Sci, Plant Anal. 11, 459-L467.
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K2804—CuSO4—Se) also agreed closely.

INTRODUCTTION

Plant analysis is an integral part of the study of soil fer-
tility since along with its relationships with crop yield it
reflects the crop response to changes in fertility as influenced
by such factors as fertilizer addition and irrigation. For this
reason analysis of large numbers of replicate plant samples from
field trials and pot experiments for N, P and K and often Ca and
Mg are a time consuming but very important part of the studg of
agronomy . With the recent trends to utilize nutrient budgets of
agro—ecosystéms for the estimation of the fertilizer requirements
of crop plants3 4 even larger numbers of plant analyses are of
primary concern to those engaged in the study of soil fertility.

Usually in this institution, as in many others, P, K, Ca and
Mg contents are determined after either wet ashing with HNO3—HC104
acids or a dry ashing technique while total N content is deter-
mined using a Kjeldahl procedure. Recently a modified Kjeldahl
method employing H2SO4, H202, List4 and Se6 has been used in
order to analyse plant tissues for N, P, K, Ca and Mg after one
digestion. Another modified Kjeldahl procedure utilizing H_SO

274

and Na_SO, has also been employed prior to analysis for the above

2774
elements. The diverse methods of analysis employed here plus
various conflicting reports regarding their relative merits includ-
ing the recent conclusion of Smith8 that the H2SO4—H202—LiSO4—Se
digest procedure is unsuitable for studies of mineral cycling,
especially those involving Ca and Mg prompted the institution of
the present study. In this study the five digestion techniques
referred to above are compared utilizing plant samples of orchard
grass (Dactylis glomerata L.), alfalfa (Medicago sativa L.), and

apple (Malus pumila Mill.) leaves, apple fruit tissde, apple tree
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wood and red beech (Nothofagus mensiesii Oerst.) tree leaf litter.

METHODS

Digestions

Plant materials were oven dried at 70°C and passed through
a 35 mesh sieve. Immediately prior to analysis, the samples
were redried at 7OOC for six hours.  Four replicates (0.2 g)
were digested by one of the five procedures, all of which were
carried out in 50 ml Kjeldahl flasks.

In the single solution digestion method6 4 ml of digest
mixture (420 ml H2SO , 350 ml H_O,

4 2727 2
powder) was added to the plant material and the digest was heated

14 g Li,80,.H,0, 0.4 g Se

gently until the initial_reactioh had subsided. After all
traces of yellow due té organic matter had gone the digestion was
continued for another three hours at a temperature between 300O
and 350°C. In the other modified Kjeldahl method 2 g Na SO4 and

2

4 ml HZSO4 were added to the plant material and the samples were

digested until completely clarified (approx. 6 hours) after which
digestion was continued for another three hours. In the Kjeldahl

10 g Cuso

technique 1.5 g of catalyst mixture (100 g Kzso lg

4’ ‘
Se powder) and 4 ml of H2SO4 were added to the plant sample4and
samples were digested until completely clarified and then digest-
ion was continued for another three hours.

In the conventional wet digé%tion 4 ml of HNO3 was added to
plant material and left overnight. The next day 2 ml HC10, was

added and the material was digested until the mixture clearid and
white fumes were visible and then for a further 1 hour at 220-
23OOC. In the dry ashing procedure replicate subsamples were
placed in flat-bottomed porcelain crucibles and ashed in a muffle
furnace at approximately 49OOC for five hours. After cooling

the ash was dissolved in 3 ml of 2N HCl and left overnight. All
digests were diluted to 200 ml with distilled water.



Analytical Methods

Ca, Mg and K were determined after two times dilutions of
the 200 ml digest solutions after the addition of 1000 ppm La (in
final solution) by atomic absorption spect¥bphotometry.
Multielement cation standards were made after appropriate dilut-
ion of reagent blank digestions and the addition of 1000 ppm La.

P was determined by the molybdenum blue method5 using a 5 ml
aliquot of digestion solution made to a final volume of 50 ml.
Standards were made after the addition of 5 ml of digestion blank.

Steam distillation2 of 20 ml aliguots of the Kjeldahl digests
into boric acid indicator solution and subseguent titratidﬁ with

~

0.01N HZSO4 was employed to determine NH4—N in the digests.

RESULTS AND DISCUSSION

The data presented .n Table 1 show that the N contents of
all the tested plant tissues digested by either of the modified
Kjeldahl techniques agree well with those obtained by the tradit-
ional Kjeldahl method. In a separate study it was found that
total N values determined on the apple wood tissue by the H_SO -

2 4

KZSO4—CuSO4-Se method were not significantly different from

those obtained by the H2504—K2804—Hgo digest procedure
recommended for woody tissues . The data from this study
generally supports that of other workers who have also found

good agreement between various Kjeldahl proceduresl 8 9.

The P, K, Ca and Mg contents of the various plant tissues
after digestion by the four methods are presented in Tables 2 and
3. P values determined following the four digestions were in
good agreement for all tissues except apple wood Qhere P values

by dry ashing were appreciably lower than those determined by the

- other three procedures. Many workers prefer wet to dry ashing

because complex insoluble silicates are not formed, unburned
carbon cannot occlude inorganic constituents and losses through

volatilization are negligible. Incomplete ashing of the wood
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sample appears to have occurred in the dry ashing procedure used
in the present study, thus resulting in lower measured P concen-
trations. However, K, Ca and Mg levels were not affected to a

measurable extent (Table 3).
TABLE 1

Comparison of Total N Content  (mean + standard deviation
n = 4) using Conventional and Two Modified Kjeldahl
Procedures

Total N content (%)

Tissue Conventional Na SO H.0_-Li_SO>r-Se

Kjeldahl Kjeidaﬁl ’ ijelgahi

Apple leaf - 2~474’i§0;024 . 2.480 + 0.026 2.471 + 0.029
Alfalfa leaf 2.712 + 0.032 2.702 + 0.027 2.692 + 0.031
Orchard

grass leaf 2.414 + 0.021 2.394 + 0.014 2.391 + 0.013
Apple fruit 0.860 + 0.012 0.847 + 0.007 0.851 + 0.007
Beech leaf 0.516 + 0.021 0.512 + 0.021 0.514 + 0.011
Apple wood 0.676 + 0.018 0.672 + 0.020 0.681 + 0.011

Although some significant differences were apparent between
some of the mean concentrations of K,.Ca and Mg, there were no
clear trends between methods, elements or tissue types and the
differences were generally small in magnitude. Furthermore, the
precision of the data for each element was quite similar for each
of the digestion methods. There was no evidence of loss of K
during the dry ashing procedure used in the present study
although losses have been noted by some other workers8

Smith8 found that the HZSO4—H202—Li2SO4—Se method
invariably yielded lower Ca and Mg values than a mixed acid
digest (HNO3—HZSO4—HC104) and he concluded that the former method.

was unsuitable for analysis of plant Ca and Mg levels. However,

the results of this study show good agreement for the plant



Comparison of Elemental Composition (mean i_staﬁdard deviation, n
Alternative Digestion Procedures

TABLE 2

= 4)

using Four

Elemental composition (%)

Tissue Digest
P K ca Mg
Nitric P. 0.181 + 0.001 a 1.043 + 0.018 a 1.985 + 0.019 a 0.341 + 0.003 a
Dry 0.186 + 0.002 b 1.064 + 0.021 a 2.048 + 0.031 a 0.358 + 0.003 b
Aﬁziz Perox. 0.186 + 0.002 b 1.081 + 0.019 a 1.985 + 0.028 a 0.345 + 0.005 ab
Sod. S. 0.184 + 0.001 ab  1.081 + 0.019 a 1.943 + 0.017 a 0.346 + 0.005 ab
Nitric P. 0.269 + 0.003 a 2.043 + 0.033 ab  1.701 + 0.025 a 0.271 + 0.002 a
Dry 0.276 + 0.000 b 2.060 + 0.019 b 1.695 + 0.001 a 0.278 + 0.005 b
Aii;;fa Perox. 0.269 + 0.003 a 2.013 + 0.017 a 1.700 + 0.002 a 0.279 + 0.002 b
sod. S. 0.275 + 0.003 b 2.088 + 0.029 b 1.696 + 0.016 a 0.271 + 0.002 a
Nitric P. 0.313 + 0.003 a 3.064 + 0.047 a 0.334 + 0.000 a 0.176 + 0.002 a
orchard Dry 0.320 + 0.002 b 3.135 + 0.041 b 0.329 + 0.007 a 0.180 + 0.004 a
grass Perox. 0.311 + 0.001 a 3.093 + 0.030 a 0:333 + 0.001 a 0.179 + 0.003 a
leaf sod. S. 0.313 + 0.003 a 3.115 + 0.031 ab * 0.327 + 0.073 a 0.178 + 0.003 a

Mean values within one column within cone plant tissue type followed by the
not significantly different by Duncan's Multiple Range test (P<£0.05).

same letter are

8l2



tissue studied between the peroxidation method and the other
three methods used for Ca and Mg analysis. Similarly Parkinson
and Allen6 found comparable results between the peroxidation
method and a mixed acid digest. Although a higher concentrat-
ion of La was employed here (1000 ppm) in comparison with 400 ppm
used by other workers6 8, tests showed that there were no
differences between measured Ca and Mg concentrations using either
400 ppm or 1000 ppm La following the peroxidation procedure.

The three hour period of digestion following clearing of the
modified Kjeldahl digests employed in the present study in
comparison with the shorter times employed by either Parkinson
and Allen6 or Smith8 may have contributed to the comparable
results between digestion methods for the wide range of plant

samples obtained here.

CONCLUSIONS

Since the four digestion methods gave comparabie means and
standard deviations for P, K, Ca and Mg in the tissues analysed,
except apple wood, to choose one method as being the best is
difficult and in reality probably a matter of preference rather
than precision. Since both of the modified Kjeldahl digestions
gave the same results for total N to the conventional Kjeldahl
procedure the former two methods are useful where multielemental,
including N, analysis is to be performed. The H_.SO, ~-H_0

2°Va 0 0T

LiZSO4-Se method has the advantage of being as rapid as the con-

ventional Kjeldahl method while the H2504—Na2504 method is a slow
but equally precise method. Where the N content is not required,
the dry ashing procedure has the advantage of being a precise and
easy method to follow and in the present study, except for wood
tissue, it gave comparable results for P, X, Ca and Mg to, the

wet ashing HNO3—HClO4 procedure.
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Comparison of Elemental

TABLE 3

Compesition (mean + standard deviation, n = 4)
Alternative Digestion Procedures

using Four

Elemental composition (%)

Tissue Digest P K Ca Mg
Nitric P. 0.126 + 0.002 a  1.290 + 0.014 a  0.097 + 0.007 a 0.066 + 0.002 a
Dry 0.127 + 0.001 a  1.294 + 0.008 a 0.098 + 0.004 a 0.067 + 0.003 a
Agiiit Perox. 0.128 + 0.002 a  1.283 + 0.016 a  0.096 + 0.009 a 0.067 + 0.002 a
sod. s. 0.127 + 0.001 a  1.283 + 0.017 a 0.096 + 0.005 a 0.068 + 0.002 a
Nitric P. 0.161 + 0.001 a  0.257 + 0.006 a 1.046 + 0.018 & 0.116 + 0.003 b
eech Dry 0.159 + 0.0C1 a  0.250 + 0.029 a 1.039 + 0.030 a 0.108 + 0.003 a
leaf Perox. 0.160 + 0.002 a  0.248 + 0.020 a 1.051 + 0.031 a 0.114 + 0.004 ab
' Sod. S. 0.159 + 0.002 a  0.248 + 0.017 & 1.041 + 0.015 a 0.115 + 0.003 b
Nitric P. 0.178 + 0.002 b 0.371 + 0.019 b 0.783 + 0.019 a 0.083 + 0.003 a
Aﬁiii Dry 0.173 + 0.001 a  0.356 + 0.019 a 0.791 + 0.015 ab  ©.081 + 0.005 a
Perox. 0.179 + 0.003 b 0.358 + 0.010 a 0.799 + 0.004 b 0.085 + 0.004 a
Sod. S. 0.175 + 0.003 ab  0.368 + 0.013 ab  0.789 + 0.005 b 0.083 + 0.003 a
For explanation of terms, see Table 2.
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