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INTRODUCTION

The benefits attributed to mulching include soil moisture conser-
vation, weed suppression, arnd modification of physical and chemical soil
properties, In the case of decomposable organic mualches, the modifica-
tion of chemical soil properties is often reported o create a nitrogen
deficiency in plants and a consequent reduction in the growth of those
plants (5, 35, 36). Because of this, recommendations about mulching
plants with a decomposable organic muleh usually siress the importance
of applying fertilizer nitrogen along with the mulch (1L, LL, 48, L9).
However, the limited amount of literature on the subject indicates the
need for more factual data upon which to base these recommendations,

The objective of this study, therefore, was to determine the ef=-
fects on the nutrient element composition and the growth of four indi-
cator plants when mulched with two decomposable organic mulches and
fertilized with differential levels of nitrogen. One mulch was wood-

shavings from lumber of the conifercus tree Pseudotsuga menziesii;

the other was woodchips (Figure 1), derived primarily from prunings

of the broad-leaved evergreen tree Eucalyptus camaldulensis,




Figure 1.--A typical woodchips mulch being examined by the author.



LITERATURE REVIEW

Even though relatively little research has been reported on
the specific mulches used in this study, the voluminous amount of basie
literature applicable to plant residue mulches in general provides valu-
able points of reference for interpreting the principal findings of

this study,.

Physical Properties of Soil

Temperature

The effects of mulching on soil temperature is well described
in the literature (17, 32, 38). According to Jacks et al, (32), the
usual temperature effect of a mulch, regardless of type, is to keep
soil cooler in summer and warmer in winter. A lewveling of fluctuations
is also an effect of mulches on diurnal soil temperatures (17, L47).

In Israel, Lavee (38) found that mmlch with a three-inch layer
of medium-sized woodshavings resulted in a reduction of soil tempera=~
ture in early August by as much as 20° F at a s0il depth of one and
one-half inches, Medcalf (47) found that mulch treatments lowered
s0oil temperature around coffee plants in Brazil as much as 36° F (88°
compared with 124° F),

Burrows and Larson (17) described how a mulch diminishes the
amplitude of variation of temperature ordinarily found in bare soil,
They also noted that the temperature differences between mulched and

bare soil is greatest at the maximum temperature (day time) and least



L
at the minimum temperature (night time). These conditions may be
accounted for because of an interrelated source of heat energy from
the sun during the day time and a lower conductivity of this heat by
plant residues than by soil particles.

In studying the affect of temperature and moisture on nitrifi-
cation in soll in Iowa, Parker and larson (52) found that early in the
growing season when soil temperature is in the range of 61-68° F,
mulched soil was about two degrees cooler than bare soil. They indi-
cated that this temperature difrerential contributed to greater activity
of the nitrifiying bacteria in the warmer soil and thus a greater accumu-
lation of nitrate nitrogen. Such differences in nitrate accumalation
were less evident where the temperature of the two solls mas in the
range of 77-86% F.

Shaller and Evans (61) and Moody st al. (50) noted that corn
yields in the North Coastal United States were much smaller under mulch
tillage than under a tillage system where the residues were incorporated
into the soil. One might initially infer that the cause of this phenome-
non was a lack of nitrate production under the mulch. However, these
workers reported no significant improvement with application of ferti-
1izer, especially of nitrogen. Later, Willis et al. (83) showed that
equivalent corn growth resulted if soil temperature under a mulch is
maintained at or near the temperature of the bare soll. They concluded
that their results agreed in a general way with data of Lehenbauver (39)
‘who found that for a range of temperatures from about 50 to 86° F there
was an increase in oat seedling growth rate as the temperature increased,

whereas from 86 to 90° F there was a decrease.
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Van Wijk et al, (76) carried out uniform mulching experiments in
Iowa, Minnesota, Ohio, and South Carolina, From these investigations,
they showed that the lower soil temperature due to mulching was near the
minimm for corn growth in the northem st;ates, vwhere the temperatures
are cooler, but well above the_ minimum in South Carolina, where warmer
temperatures prevail, The result was reduced corn growth everywhere but
in South Carolina, the most southerly state in the study.

More severe frost injury has been reported on coffee plants by
Medcalf (47) in mulched plots than in bare soil plots, This resulted
from the muiched soil absorbing and storing less solar radiation during
the day and consequently a lesser amount of outward radiation or trans-
mission of the heat from the soil during the nocturnal hours, resulting
in the development of a colder layer of air directly above the mulch,
Despite this, only those kinds of plants that are of borderline hardi-
ness in a particular area would ordinarily be affected by this slightly

lower ambient temperature in the vicinity of the mulches,

Moisture
Well-documented evidence has been presented by Jacks et al, (32)

that one of the important effects of an organic mulch is in conserving
moisture by increasing water infiltration inte and storage within the
soil. Typical of the results often reported are the data of Table 1,
which show the percentage of moisture conserved in mulched and unmulched
soll. The value of mulching as a means of conserving molsture is further
illustrated by a Puerto Rican study by Vicente-Chandler (77) in which the

average monthly losses of water by evaporation from bare soil and soil
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mulched with sugar cane trash was 2,12 and 0,90 inches, respectively.
The savings of water was estimated to equal three inches of irrigation
water per month.
TABLE l.--Effect of wheat straw and different tillage treat-

ments on storage of water in the soil during one growing
season (Data of Duley and Russel, 19)

Rainfall conserwved

Treatment
Surface
inches Percent
Land disked, no straw 3.49 19.5
Fresh straw, 2 tons, disked 6492 38,7
Fresh straw, 2 tons, on the surface 9.72 5he3

It is apparent that an essenlial quality of a mulch is that
its physical texture must be course enough to permit rain or irrigation
water, as the case may be, to penetrate it freely. Medcalf (L47) demon=~
strated that moisture conserving effects of a mulch was considerably
greater in the upper 6-inch soil horizon, tapering off te practically

no effect in the 24~ to 36-inch horizon,

Chemical Properties of Soil and Plants

Physiology and Biochemistry of Organic Matter
Decomposition

The physical and chemical changes which mulches or any organic
matter undergoes when degradated to simple compounds by soil orgamisms
is termed decomposition (L9, pe. 230), A study of the physiology and
biochemistry of this process is fundamental to a review of literature
in succeeding sections. It logically begins with a consideration of

some basic principles inwvolved in the blological systenm,
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Life on earth is an equilibrium between the storing of energy
through photosynthesis and the release of that energy through biological
oxidation.® In photosynthesis, solar energy splits water into hydrogen
and oxygen whereupon the hydrogen is utilized in reducing carbon dioxide,
(CO,) to the level of carbohydrates. In the process, oxygen is liberated.
Biological oxidation is essentially the reverse of photosynthesis. It
is accomplished by a union between the hydrogen of carbohydrates (or any
other organic substrate) and gaseous oxygen to form water, in which
process carbon dioxide is liberated (19, p. 28L).

The primary reserveir of photosynthetic energy ordinarily assumes

morphological forms which we identify as green plants, Upon death, this
reserwir of energy undergoes "“reassignment,® by biological oxidation in

the presence of enzymatic catalysts, elther t a secondary reservoir, in

this case animals or lower plants, or else into the earth's atmosphere
as heat.2 Mulches derived from previously living plants constitute a

portion of the primary reservoir of photesynthetic energy; soil micro-
organisma3 that decompose milches a portion of the secondary reservoir,

During the energy-re&ssignment process, the by-products, especially

1 mis basic concept, known as the carbon cycle, is represented
by the chemical equation:

6 COp + 6 HpO Photosynthesis (energy stored) C O +60
Biological oﬂdatioﬁenergy released) 6112% 2

C Except for conditions where new cellular material is formed,
most of the energy released on biological oxidation appears as heat
(21, p. 929),

3 sot1 microorganisms include bacteria, such as Bacillus subtilis
and B, mycoides, which are cosmopolitan in nature; fungl; actinomycetes
(molds); protozoa; and higher animal forms such as nematodes, earthworms,
and insect larva (79, p. 34~-38). Of the bacteria, only the hetero-
trophic kind derives the carbon and energy from the oxidation of organic
compounds: the autotrophic kind derives these two items from the
oxidation of inorganic material (79, pe. 60).
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nutrient elements, may also be utilized in the secondary reservoir or,
if in extra supply, utilized anew in the primary reservoir (79, p. 101).

According to Bollen (10), "microbial decompositions of organic
matter are ultimately more or less complete oxidations carried on by
the organisms primarily to secure growth energy." The rate and extent
of the decomposition 1s influenced by seven factors of the environment:
moisture, temperature, aeration, pH, bilotic factors, inhibiting facters,
and nature of the organic matter (12, p. 6)s Since the nature of the
organic matter was one of the controlled variables in this study, two
characteristics of it, the carbon-nitrogen ratio and the decomposabi~
lity, will be considered in more detail, starting with the carbon-
nitrogen ratio,

Organic matter consists of three basic constituents; carbohy=-
drates, lipids, and protei.ns.h’s While the elements of carbon, hydrogen,
and oxygen are common to all of them, only the proteins and their
derivatives contain nitrogen. The amount of nitrogen in comparison
with carbon in organic matter is commonly referred to as the carbon-
nitrogen ratio,

In higher plants, the carbon-nitrogen ratio ranges between as

1little as 10 to more than 1,000 on a dry weight basis (Table 2),

4 In general, the degradation and synthesis of carbohydrates and
lipids are a function of the actinomycetes; the bacteria are correspond-
ingly active with proteins (1L, p. 4O).

5 Krebs and Kormberg (36) have presented a concise yet compre-

hensive survey of the energy transformations from these basic organic
materials,
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TABLE 2.--Carbon-nitrogen ratios of some plant residues
(Data of Bollen, 11)

‘f

Total Kjeldahl

Material carbon, nitrogen, C/N
£ 4
Alfalfa bay « « + « « o - - . 43.15 2.34 18
Bentgrass clippings . . . . . U}3.22 3.23 13
Corn cobs « « « + « + o« « « - Uu6.87 0.45 108
Douglas-fir
}20-year-old tree
CONBS «ve « o« « = = + o« o U9.17 0.37 133
Needles . . « + « « s « « 55.75 0.96 58
Bark . ¢« ¢« ¢ ¢ « « « + « 53,97 0.11 i al
Sapwod . . . . « . . .. }9.36 0.09 5h8
Heartwood . . . . . . . . B5l.5]1 0.12 429
Sawdust, mill run
Westhered 2 months . . . 49.84 0.08 623
Weathered 3 years . . . . L47.01 0.33 2
Mosspeat. e % 8 e & % & » . h8-29 0083 58
Western hemlock sawdust . . . 149.T7h 0.0 12Uk
Wheat straw . . . . . . . . . hh.70 0.12 373

As for the decomposibility of organic matter, compounds such as
sugars, starches, and simple proteins are known to be easily decomposed,-
while 1lignins, fats, and waxes are the least readily decomposed by micro-
organisms (16, p. 131). Since €O and wmater, along with energy, are the
final products of microbial decomposition, workers often assess the
decomposibility or rate of decomposition of organic mtter by measuring
how much €0, evolves from it (13, 31).6 Using this method, Allison et
al. (2,i) found wide differences in the decomposition rate of 28 kinds
of woods during a 60-day period. On the bagis of milligrams of CO,
evolved per kilogram of wood decomposed, they obtained such GOp values

as follows: redwood, 5.3; douglas-fir, 11.2; shortleaf pine, 50.0;

6 This is essentially a measure of the amount of emergy that has
been released for "reassignment™ since the carbon content of organic
matter is indicative of the energy potential therein.
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white oak, h9;1; and hickory, 48.1 (4). They attributed these wide
differences to variations in the chemical composition, especially the
lignin, alpha-cellulose, and resins of the woods.

As pointed out above, there may be pronounced differences in
the carbon-nitrogen ratio and the decomposibility of organic matter.

We shall now consider how these differences may be reflected in soil
nitrogen and in growing plants. Again, the carbon-nitrogen ratio will
be considered first.

As energy undergoes "reassignment” to the microorganisms, usuvally
proportionately more nitrogen to carbon is utilized in the growth of the
microorganisms than is available from the organic matter. This is
bacause the protoplasm of the decomposing microorganisms comprises 45 to
55 percent carbon and 5 to 10 percent nitrogen on a dry weight bagis;
carbon-nitrogen ratios of between 10 and 5. In such cases the micro-
organisms acquire nitrogen elsewhere to supplement that available from
the organic matter. Usuwally this is the nitrogen from the soil, the
result of which is the "{ying up® or immobilizing of mineralized or soil
nitrogen so that it is no longer available for absorption by higher
plants.

Bollen (11) stated that the optimum decomposition of organic
matter in soils results when the carbon-nitrogen ratio of the organic
miter is approximately 20. That ratio is also recognized as the
practical value below which immobilization of the soil nitrogen is
usvally minimal (5). Thus, alfalfa hay, which Bollen found to have a
carbon-ritrogen ratio of 18, apparently would be decomposed without the

microorganians requiring any soil nitrogen.
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A. estimation of the amount of so0il nitrogen that may be immo-
bilized during decomposition of an organic material must take into con-
gideration not only the cai-bon-nitrogen ratio of a material but also
the decomposibility of that material. Decomposition of organic matter
with a wide carbon~nitrogen ratio ordinarily should result in the immo-
bilization of much soil nitrogen. However, the extent of immobilization
is usuvally less than would be expected because many such wood residues,
especially those from coniferous trees, consist of as much as 60 to 70
percent of inherently resistant lignocelluloses (L4)). For example,
Allison et al. (}4) found that the amount of soil nitrogen that ms
irmobilized was somewhat proportional to the ease of decomposition,
based on the amount of CO; evolved during decomposition (Table 3).

TABLE 3.--Nitrogen requirements of microorganisms in the decomposition
of various woods in soil (Data of Allison et al., L)

Wood Composition indicated time period in s evolved

C N 10 20 L0 80 1 in 60

() (X) (£ of weight of wood) days
Redwood 9.9 0.06 0.13 0.22 0.21 0.31 0.3 5.3
Douglas-fir 48.1 0.05 0.17 0.21 0.07 0.1 0.30 11.2
Shortleaf pine 5.0 0.13 0.78 1.00 1.27 1.30 .13 50.0
White oak 46.9 0.10 0.62 0.96 1.19 1.15 1.09 49.1
Hickory 46.8 0.10 0.78 1.00 1.12 1.17 1.07 48.1

It is revealing to compare other data relationships of Table 3,
also. Mr one thing, while the carbon-nitrogen ratio for the pine, ocak,
and hickory woods is about one-half as wide as it is for the redwood
and douglas-fir woods, the amount of GO» that evolved in & days was at
least five times more for the former three woods than for the redwood

and douglas-fir woods. Had the decomposition rate of each wood
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corresponded to its carbon-nitrogen ratio, the CO; should have been
about half as much for the redwood and douglas-fir woods as for any of
the other three. Thus, it is reasonable to conclude that, of the five
woods, the former two are less readily decomposed than the others.

Incidental to the above considerations, during the initial per-
iod of decomposition of these five woods there was a step by step
increase in the amount of nitrogen that was immobilized (Table 3).

This is an indication of the increase in the population of the decom-
posing microorganisms. Presumably, as decomposition progressed, the
microorganism population peaked after which the amount of immobilized
nitrogen declined and the soil nitrogen increased. Allison and Klein
(3) found that sucrose and wheat straw were markedly different in terms
of the rate of microorganism population increase during decomposition
of each. Peaking of the microorganism population wmas reached 2 days
after the beginning of decomposition of the sucrose and 20 days for the
wheat straw.

The above findings and those of many other investigators indi-
cate the difficulty in predicting the amount of s0il nitrogen that would
be immobilized during the decomposition of organic matter.? Ina study
of the carbon-nitrogen ratio in organic materials in relation to the

availability of the nitrogen therein, Rubins and Bear (59) concluded

7 With a few organic materials, decomposibility may be secondary
to their phytotoxic properties in affecting plant growth. Allison et al.
(1) tested woods and barks of 28 kinds of trees for toxteity to garden
peas grown in limed soil-sawdust mixture under conditions of adequate
nitrogen. Douglas-fir, as well as most other kinds showed no signifi-
cant toxicity either to germination or early growth when used at rates
of 1 and 2 percent. Toxicity symptoms were observed only with woods
and/or bark of California incense-cedar, eastern white pine, red-cedar,
ponderosa pine, loblolly pine, and yellow poplar. Apparently, Baldsiefen
(7) also recognized the phytotoxicity of eastern white pine wood.
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that the principle of the carbon-nitrogen ratio may be applied in
interpreting the availability of water-soluble fractions of organic
nitrogen. But with mater-insoluble fractions they said:

Ease of decomposition and relative abundance of the associated
carbonaceous material must be considered as well as decompo-
sibility of the insoluble nitrogenous material itself, before
a rigid application of carbon-nitrogen ratios to availability
can be made.

Bollen (11) reached the same conclusion. He stated:

The practical application of the carbon-nitrogen ratio to pro-
blems involving organic matter decomposition requires considera-
tion of qualitative as well as quantitative factors.

Speaking about such plant residues as douglas-fir sawdust, he said:

Although . . . exceptionally low in nitrogen and high in carbon,
the additional nitrogen necessary to offset microbial require-
ments during decomposition is much lower than indicated by the
overall carbon-nitrogen ratio.

Humus
The final stage of decomposition of organic matter is termed
humification. Of it Bollen (12) said:

This stage is characteriwed by the formation and gradual continumal
decomposition of the humis complex. Nitrogen assimilated by
mi.croorganiams is reassimilated by succeeding generations and
repartitioned until much of it accumulates as protein of dead
bacterial cells. Bacterial protein is resistant to decomposi-
tion and most of the nitrogen of humus is in this form. The
non-nitrogenous portion of humus is composed largely of lignin,
hemicellulose, and various other resistant substances . . .
nly actinomycetes and certain non-sporeforming bacteria can
attack ligno-proteinate and other humus complexes. As a
result the nitrogen is only slowly but continuously liberated,
maintaining for higher plants a supply of avallable nitrogen
thas;'.. bridges the intervals between additions of fresh organic
residues.

The amount of humus remaining in the soil following decomposition of
piant residuss depends, therefore, upon the chemical makeup of the
material.
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Soil Reaction
In the decomposition process, various kinds of intermediate
acidic compounds are produced. This has led to the supposition that
goil acidity is increased with the addition of organic materiasl. Con-
trary to this common belief, it iz well established in the literature
that the addition of fresh organic matter to the soil does not lower
the soil pH (28, 33, 35, 43, bh, 47, 57, 60, 71, 75). According to
Salomon (60), the decomposition products, ordinarily termed ash, have
a greater effect on soll reaction than do mulches per se. He stated:
dince the ash of plants contains more basic than acidiec consti-
tuents, the ultlmate effect should be towards a less acidic pH.
If organic acids are initially in excess of bases, a temporary
increase in soil acldity may be expected. However, organic
acids decompose readily.
Medcalf (47) reported that three years after initial mulching of
coffee shrubs in Brazil, the soil was appreciably more alkaline than at
‘the beginning. The pH increased the greatest amount in the O-2-inch

soil horizon, the chahge being apparent, however, down to & inches.

Nutrient Elements

Determining the amount of nutrient elements in the so0il is a
sedulous method of evaluating cultumal practices. The effect of
milching on the concentration of these elements in the soil, and the
alteration of the availability of them to growing plants, has
received substantial study (6, 28, 32, 35, 71, 82).

Within the past two to three decades soil evaluations of cul-
tural practices have been supplemented with determinmations of the con-
centration of the nutrient elements within the plants grown under such

cultural practices {65). "Phis technique, known as plant or tisgsue
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analysis and sometimes more specifically as foliar analysis when foliage

of the plant is used as is ordinarily the case, has been shown to
nreflect what the plant has obtained from the soil in relation to its
growth up to the time of sampling the plant™ (7h).

Such information may provide a picture of the adeguacy of a
nutrient element or it may provide, as it does in this study, a means
of comparing the affects of various cultural practices on the growth and
the concentration of various nutrient elements within the plants.

Gomprehensive reviews of plant analysis have been prepared by
Macy (45), Goodall and Gregory (25), Lundegidrdh (42), Smith (65), and
Ulrich (72). Selected excerpts, with citations usually omitted, from
the more recent of these reviews, that by Smith (65), follows, in order

to provide additional orientation for the interpretation of the results
of this study.

The physiological basis of tissue analysis is dependent
on two general processes: (a) the absorption and distribu-
tion of minerals by plants and (b) a quantitative relation
between absorbed nutrients and growth . . .

In the early work on foliar analysis emphasis was placed
on nutrient balance and the intensity of nutrition (63, 69).
While the logic behind this concept is reasonable, no one has
ever shown that maximum growth or yield occurs only upon the
coincidence of a specific intensity of each element within a
plant . . .

Nearly all recent work hinges on a more flexible concept
of nutrition having as its starting point an area, or nmarrow
range, separating deficiency amounts from adequate amounts of
each element . . . Ulrich (called this) the "critical nutrient
level.” . . .

The mineral composition of a tissue is dynamic since it is
subject to the physio-chemical changes manifest in growth pro-
cesges. Some elements are present in high concentration in
young tissue and are diluted as the tissue enlarges. Others
are present in low concentrations in young tissue and
gradually increase. The accumlation of dry weight dilutes
all elements unless an influx of mlineral offsets this effect.
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Flants of different types differ widely in both nutrient
requirements and the ability to absorb the various elements
from a common medium . . .

Next to the supply of elements, the physiological age of
tissue is probably the most important factor affecting the
mineral composition of a given species. The preponderance of
data show that each element has a characteristic pattern that
accompanies the aging of tissue. The trend is not altered
fundamentally by soil or cultural factors, but may be dis-
placed upward or downward by the level of supply . . . the
concentration of N, P, K, Cu, and Zn are greater in young
tissues than in old while the reverse tends to be true for
(Ca, Mg, Mn, Fe, Al, and B) . . . Leaves formed in the spring
and those developed later during the summer or fall, are
fairly similar in composition if they are of the same
chronological age . . .

Tissue analysis frequently shows reciprocative effects
between pairs of anions and pairs of cations. One effect
that has been widely reported from various parts of the
world is the decrease in leaf P resulting from an increase
in N supply. Another effect is that which occurs among the
various base elements--K, Ga, and Mg. Fe and ¥n antagonism
has long been recognized . . .

An opposite effect wherein the increase of one element
results in a simmltaneous increase in a gsecond, has been
termed synergism . . . Examples . . . are: gimultaneous
increases in Ba and K from applied K, increases in Ga and
Mg from applied Ga . . . or increases in N and Mg from
applied N . . .

Table (4) illustrates how extensively and in what direc-
tion, the mineral pattern of leaves may be modified by
increasing the supply of one essential element.

The uptake of nutrient ions, i. e. the net movement of them into
the plant regardless of the particular method (intake and absorption
also used in the same meaning), and accumulation (movement of ions
against a concentration gradient, generally as a result of active trans-
port) are affected, in part, by the interaction between ions. In

Mineral Salts Abgorption in Plants, Sutcliffe (68) describes the inter-

relationship of the different kinds of ions, noting that when two or

more of them with the same electrical charge are present in the external



17
medium, there may be either antagnostic or synergistic affects. Rr
this reason, the concentration of a nutrient in the soil has consid-

erable relevance if influenced by mulching practices.

TABLE l.--General effect of an applied element on the mineral
composition of citrus leaves (Data of Smith, 65)1

Element Elements measured in the leaves Total

added N 5 " o " g, mmber
N £ - - # £ - 6
P 0 £ A - - 0 i
K - 0 £ - - 0 L
Ga 0 0 - £ 0 ? 2
Mg 0 0 - - # # L
Mn 0 0 P4 0 - £ 3
Total
nurber 2 2 6 5 5 3 23

1 Increased concentration in leaf is indicated by (£);
decrease by (-); no change by (0).

Nitrogen

More than any other elament, the concentration of avallable
nitrogen in the soil is profoundly affected by mulches. Roberts and
Stephenson (57) reported less nitrate nitrogen for as long as four
years followiné incorporation in the soil of from three to four inches
of douglas-fir sawlust. With alder sawdust, however, the depressive
effects lasted no longer than 3 years. The depression was least pro-
nounced when thess two materials were used as surface mulches although

fertilizer nitrogen was still necessary for satisfactory tomato growth.
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Within 12 to 18 months after mulching coffee shrubs with hay,
Medcalf (47) observed definite trends during the next two years of less
nitrogen in the leaves of plants for all mulch amounts. The least foliar
nitrogen (about 15 percent less than control plants) was in the plants
that were mulched the heaviest.

Lunt (L4h4) found only the first crop of beets following mulch
treatments of oak-hickory, ash-birch, or pine woodchips required ferti-
lizer nitrogen to prevent nitrogen deficiency.

Kirch (35) studied the effect of a soil-incorporated 3-inch
volume of douglas-fir sawdust on corn growth in Oregon. All plots,
sawdust-treated and check, were irrigated simultanecusly by automatic
sprinkler. He reported that the foliar nitrogen of the corn was 2.55
percent in the check plots and 2.10 percent in the sawdust-treated
plots when averaged over O, 400, 800, and 1600 pounds of nitrogen per
acre. Moreover, the corn plants in the sawdust~treated plots were much
smaller throughout the period of growth.

Burrows and larson {17) reported that the concentration of
nitrogen in the middle of June in corn in an Iowa experiment varied

indirectly with the amcunt of chopped corn stalks applied %o the soil.

Phosphorus
The affect of organic matter on the availability of phosphorus

in s0ll has been the subject of numerous investigations. Gerretson (24)
found microbial activity in rock phosphate increased the availability of
phosphate phosphorus. Several investigators (2h, 64, 78) have reported
that phosphorus added to the soil with organic matter has greater avail-

ability than the same amount of phosphorus added without organic matter.
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Other investigators (26, 57, 71, 80, 82) have shown pronounced increases
in available phosphorus in the soil with the application of organic
mulches; these effects being apparent for as long as 10 ysars following
mulching.

Dalton et al. (18) and Weeks et al. (82) attributed the greater
availability of phosphorus in the presence of organic matter to certain
metabolic products of microbial decomposition forming stable complex
molecules with the iron and aluminum that, in acid soils, are responsi-
ble for phosphate fixation.

Fuller et al. {23) reported that the rate of availability of the
phosphorus of crop residues was inversely related to the stage of
growth-maturity of the residues. That is, growing plants derived more
phosphorus from succulent than from more aged residues.

Wander and Gourley (80) reported a siight increase in phosphorus
in the foliage and fruit of apples grown under hay mulch in comparison
with clean oultivation.

Gerretson (2}) studied the influence of soil microorganisms on
the amount of phosphorus absorbed into plants. He found a substantial
increase in the uptake of this nutrient in the presence of soil micro-
organisms. This increase resulted primarily from the solubilizing of
the phosphate compounds by the microorganisms.

In field plot trials with coffee shrubs in Brazil, Lott et al.
(40) found that the quality of phosphorus in foliage increases directly
with the increase in quantity of grass mulch applied (0.095, O.11k, and
0.147 percent phosphorus on a dry weight basis for 0, 21, and 85 tons

per acre of applied mulch).
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Not all of the workers have reported increased phosphorus in
plants following mulching. Burrows and larson (17) found no signifi-
cant change in the concentration of phosphorus in corn plants as a
result of mulching with chopped corn stalks at rates of 0, 1, 2, ), and
8 tons per acre. They attributed the much smaller size of the mulched
plants to lower soil temperatures during the initial growth phase of
the corn.

In an experiment of mulching tung trees with what the authors
called alyce clover, Sitton et al. (6)) indicated that fertilizer nitro-
gen did not significantly alter the average amount of foliar phosphorus
although for three of the five years of the sxperiment the follar phos-

phorus trended dowmward with a corresponding rise in foliar nitrogen.

Potassium

There is general agreement in the literature, with one exception,
that decomposable organic residue mulches increase the availability of
available potassium (26, 47, 57, 64, 71, 80, 81, 82). The exception
wa s where there was no change in the available potassium with the
application of a 3-inch layer of douglas-fir sawdust (35).

In reference to orchard soil mulching, Sitton et al. (6l4),
Wander and Gourley (81), and Wander et al. (82) reported that, with
clean cultivation, there was much less exchangeable potassium in
unmulched than in milched soil. Wander and Gourley (81) found 113,
23, and 63 ppm of available potassium at depths of 0-6, 6-12, and 12-18
inches, respectively. At comparable depths, the available potassium

with wheat straw mulch was 137, 102, and 125 ppm.
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Tukey and Schoff (71) investigated the affects of decomposable
and non-decomposabls mulches in comparison with check treatments of
grass sod and clean cultivation in Indiana. Maintaining a 6-inch mulch
depth during the course of the experiment, after a 5-year period they
found that the s0il beneath sawdust and other decomposable organic
mulches had significantly more potassium than the soil in the check
plots. No significant differences were observed in their data between
glass fiber or other non-decomposable mulches and the check treatment.

None of the foregoing literature indicated whether the difference
in amounts of potassium was of sufficient magnitude to result in oth;r
than desirable concentrations of potassium within plants.

In general, any increase in potassium in the soil following
malching results in a corresponding incregse of potassium in the foliage
of plants growing therein (6, 47, 64, 80). However, workers have
reported that foliar potassium of corn plants was unchanged with appli-
cations of mulches of either sawdust or chopped corn stalks (17, 35).

Sitton et al. (6}4) reported that a mulch of alyce clover in a
Mississippi tung orchard substantially increased potassium uptake in the
tung trees without seriously lowering magnesium uptake. Baker (6) found
a pronounced and comparable increase in foliar potassium of apple trees
that had been mulched with either decomposable materials, such as straw,
manure, and sawdust, or such non-decomposable materials as cinders and
glass-wool. He decided that, on the basis of these results, the utili-
zation of soluble potassium from the mulching materlial--the usual
reason given for higher foliar potassium due to mulching--is less
important than the probability that mulches per se result in a more

extensive development of the plant feeder roots into the upper soil.
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Baker also suggested that less drying out of the soil under a mulch
may render the potassium more constantly available than would be the

case otherwise.

Sodium
The affects of mulches on the availabllity of sodium in soil
has seldom been reported. Nor is there any indication in the litera-

ture about the affects of mulches on foliar sodium.

Calcium

Medcalf (47) and Wander and Gourley (80) found increases in
available calcium as a result of mulching. Sitton et al. (64) and Tukey
and Schoff (71) found no significant difference in available caleium
between decomposable and non-decomposable mulches and check treatments
throughout a S5-year period, nor did the former workers find any change

in foliar caleium,

Magnesium

No clear-cut pattern emerges in the literature concerning the
differential availability of magnesium in soil due to mulching. Wander
and Gourley (80) found a concentration of approximately 100 ppm at 3-
and 9-inch depths in cultivated soil whereas soil mulched with wheat
straw had approximate values of 175 ppm at all depths.

In comparison with no-mulch treatment, a Savannah very fine
sandy loam soil in Mississippi mulched with alyce clover and native
grass was reported by Sitton et al. (64) to have had a greater amount
of exchangeable magnesium in the 0-6 inch depth but not deeper. Similar

effects were reported by latimer and Percival (37). Tukey and Schoff
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(71) found no difference in magnesiuwm availability in soil under decom-
posable and non-decomposable mulches and clean cultivation after 5 years.

In England, Goode and Wite (26) reported a depression in soil
nagnesimﬁ under straw mulching at the end of 5 years. Likewise a
decrease in foliar magnesium of apples under grass mulch compared with
trees under clean cultivation was reported by Wander and Gourley (80).

Although Sitton et al. (6), as previously noted, reported no
appreciable decrease in foliar magnesium as foliar potassium increased
in tung trees in the presence of an alyce clover mulch, Robinson and

Chenery (58) found that mulching with either napiergrass (Pennistemon

purpureum) or coffee husks had a strong tendency to induce magnesium in
coffee plants. They attributed this to an antagonistic effect of the

exchangeable potassium in the soil.

Manganese

Parker (51) made an extensive review of the literature about the
influence of mulching on manganese in plants. From the evidence he pre-
sented, it appears reasonably conclusive that mulehing can cause a
reduction in the availability of manganese in the soil. This may be
due, among other things, to the lower soil temperature and the greater
amount of soil moisture that often are associated with a mulching pro-
gram. Mijimoto and Sherman (22) and others (L7, 51) indicated that the
maintenance of a higher moisture level in mulched soil, compared with
clean cultivation, results in there being comparatively less foliar
manganese in the mulched plants. This, they suggested, is because of

less availability of manganese in the hydrated form (22).
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Fifteen days from the date of corn planting in an experiment
in Toma, Parker (51) found that the mulched plants had 85 ppm manganese
compared with a manganese level of 145 ppm in unmulched plants. Indi-
cative of the fact that the 85 ppm represented a deficiency was the
1.50 milligrams per gram of a-amino-nitrogen compared with 1.26 milli-
grams per gram in unmulched plants. According to Steward et al. (67)
a manganese deficiency in a plant blocks protein synthesis resuliing
in an accumulation of a-amino-nitrogen.

Medcalf (47) reported that two years after applying a grass
malch to coffee shrubs, the control plants had a mean concentration of
515 ppm of manganese compared with 188 ppm or less than one-half as

much mAnganese as in the unmulched plants.



MATERTALS AND METHODS

Location of the Experiment

The experiment was carried out at the Davis campus of the
University of California. The mean annual rainfall for the area is
16.65 inches (90-year average) with about 75 percent of it occurring
within the winter period of December through March. July and August
are usually rmainless.

The temperature ranges from an average monthly maximum of about
103° F in June to a minimum of about 25° F in December and January.
Frosts are of infrequent occurence and snows are rarely recorded.

The topography of the area of the experiment was level. The
goil w8 an alluvial fine sandy loam of the Yolo series. Its geological
origin was from sedimentary rock sources in the Coast Range mountains
about 20 miles west of Davis. The soil profile was of uniform material
several feet deep. Drainage was good. PRor many years prior to estab-
lishing the experiment, the land had been under uniform cropping
practices; most recently alfalfa and before then a peach orchard opera-
tion.

The values of gix chemical properties of each of 10 soil samples
that were taken at random from within the experiment area a few days

before making any treatments are shown in Table 5.

25
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TABLE 5.--Chemical composition of the soil in the area of the experiment
_ prior to treatment

Organie Nitrate Total Available Available
Sample matter pH nitrogen nitrogen phosphorus potassium

4 Ppm 4 ppm ppm

1 Le3 6.7 25.6 0.08 31.5 k20
2 L6 6.8 30.4 0.09 29.7 20
3 1.9 6.9 29. 0.10 28.8 420
i 5.3 6.8 32.0 0.13 30.6 480
5 L.2 6.8 26.4 0.08 28.8 k70
6 1.5 6.7 24.0 0.08 28.8 500
7 4.9 6.7 2h.0 0.08 29.7 L30
8 g.l 6.8 2.0 0.10 27.9 L50
9 L5 6.8 28.2 0.12 27.0 420
10 L.9 6.7 28.0 0.09 27.9 430
Mean Le? 6.8 27.1 0.10 29.1 L5h

The weight of soil is ordinarily expressed as 2,000,000 pounds
per acre'plow-share or 6 2/3-inch depth. The weight in pounds of some
of the soil constituents of Table 5 in that amount of soll would be as
follows :8

Organic mtter . . . . . 94,000

Mtrate nitrogen . . . . 135

Total nitrogen . . . . . 1,920

Available phosphorus . . 58

Available potassium . 908
Assuming that as much as 95 percent of the total nitrogen of the soil
mas in organic form, the composition of the organic matter would have
been approximately 2 percent nitrogen (1920 x 0.95 + 94,000). This
1s somewhat low since the amount indicated for organic matter is

usually 5 to 10 percent (10, 11, 17).

8 me nitrate nitrogen value is for the top 15-inch horizon of
soil; the volume estimated to have been penetrated by irrigation water.
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Treatments and Experiment Design

The treatments were bare soil, representing the check, and
mulches of woodshavings and woodchips upon which was superimposed a
broadcast application of calcium nitrate fertilizer at elemental nitro-
gen rates of 0, 1, and 2 pounds per 1000 square feet, the equivalent of
0, 45, and 90 pounds per acre, respectively. This comprised nine dif-
ferent mulch-fertilizer treatments, all of which were arranged in a
complete-block factorial design with six replications for each; a total
of 5l plots (3 mulch levels x 3 fertilizer levels x 6 replications = 54
plots). Each plot was 13 square feet in area; 13 feet long in a north-
south direction and 11 feet wide. The plot plan is showm in Figure 2.

The bare soil or no mulch treatment was never cultivated and
ms kept weed-free by occasionally spraying any weed seedlings with a
dinitro-in-oil contact herbicide.

The woodshavings consisted of locally available planing mill

regidue from new kiln-dried lumber of douglas-fir, Pseudotsuga menziesii.

It will be recalled that various workers (2, L, 11, 13) have shown that
although douglas-fir wood has an unusually wide carbon-nitrogen ratio
of as much as 700, it is not readily decomposed because of a high
ligno-cellulose content.

The woodchips were derived from branches and limbs recently
pruned from an assortment of landscape trees, but primarily from the

broad-leaved evergreen Eucalyptus camaldulensis. These prunings were

passed through a portable mechanical chipper’ which reduced them to chips.

I3ince the introduction of portable mechanical wood chippers
about 1950, an increasing number of arborists and others concerned with
trees have been reducing tree prunings to woodchips thereby reducing
the bulk about five times (3l).
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Composition data of material believed to be reasonably comparable
to the mulch material are shown in Table 6, On the basis of these data
and the foregoing estimated composition of woodechips of the Bucalyptus,

TABLE 6.--Amount of certain nutrients in woodshavings of Pseudotsuga
menziesii and various fractions of prunings of Bucalyptus camaldulensis

s ——
m——

——
———

Nutrient element 2
percentage dry weight basis

C -
sgﬁgn, Nitrogen Phosphorus Potassium
1 estimated
Material percentage =t -~ =t
dry weight g E ?} s E 3
basis — H — E 5
g2 2 [$:
X Y 11
(o] [ § o @ = ] §
B .2 R .8 B .
Py " 8 5 g"*
2 3% 2 3§ 3 3%
o T Ao O = o =R
Psendotsuga menzliesii
Wood (woodshavings) 100 Oh Ok W02 02  ,05 .05
Eucapm camaldulensis
o le) 70 029 0203 ooh 0028 09 0063
Bark 12 oS0 060 .05 ,L,006 L38 ,0L46
Leaves 15 1. 52 0228 008 0012 066 +099
mt 3 1.15 .03}4 .]J-l .mh .82 .025

1 obtained July 17, 1965; the newly-produced Pseudotsuga wood-
shavings from the same source as the woodshavings used in the experiment,

the Euca:_Ln;tua fractions from trees growing near Davis, California.
Prepared and analyzed according to the methods described later,

2
Underlining is for comparison convenience,
3 Each datum is a mean of four observations,

4 observed datum x composition datum / 100
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inference may be made that, compared with the woodshavings mulch, the
woodchips mulch contained about 12 times more nitrogen, 2 times more
phosphorus, and )i times more potassium (Table 6).

The mulches were applied during the week of June 22, 1959, a few
days after the soil had been disk-cultivated.l® Both mulches were applied
in a layer-depth of about 2% inches or about one cubic yard per plot
(7 cubic yards per 1000 square feet or 300 cubic yards per acre). This
was a per acre application of about 25 tons of woodshavings and LO tons
of woodchips since the respective dry weight of each was 165 and 270
pounds per cubic yard. Altermately, it const” tuted a nitrogen appli-
cation of about 20 pounds per acre from the woodsha_virigs and 00 pounds
per acre from the woodchips.

The mulch/fertilizer treatment combinations, the factor symbols,
and the amount of nitrogen supplied by each are shown in Table 7.

Application of the calcium nitrate fertilizer was delayed until
September 9, 1¥59, since it was thought that applying it earlier might
have an adverse affect on the young chrysanthemum plants, particularly
the unmulched ones. The fertilizer was broadcast directly upon the
mulch or, in the unmumlched plots, upon the bare soil.

Each of the 5l plots was planted with 8 plants each of two clones

of Chrysanthemum morifolium ('Arlora'’ and 'Chris Columbus') and one

plant each of Ligustrum japonicum (Japanesé privet) and Feijoa sellowiana

10 It should be noted that mulching precesded the planting. The
convenience in spreading the mulches far outweighed the slight effort of
temporarily displacing the mulches during planting.
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pineapple-guava).ll These planta were used for various reasons. Ir
one thing the chrysanthemum plants are herbaceous; the other two are
broad-leaved evergreen shrubs. Rirthermore, it was of interest to
determine how variable any of the effects might be between two closely

TABLE 7.--Treatment combination, factor symbols, and amount of nitrogem
(pounds per acre) supplied to the soil by the treatmentsl

Cultural treatment Nitrogen from
and Factor symbol indicated source Total
nitrogen
Mulch, A  Fertilizer?, B Mulch®  Fertilizer!

None, aj None, by 0 0 0
Nore, aj One, b 0 L5 hs
None, aj Two, b3 0 90 90
Woodshavings, as None s Dy 20 o 20
Woodshavings, ap Qne, by 20 L5 65
Woodshavings, as Two, bj 20 90 110
Woodchips, a3 None, by 1,00 0 koo
Woodchips, a3 One, by 1,00 h5 his
Woodchips, a3 Two, b3 400 90 190

1 Data for the mulch are calculated values; for the fertilizer,
rounded values.

2 Pounds of elemental nitrogen applied per 1000 square feet.
3 Available upon decomposition of the mulch.

b Immediately available as nitrate nitrogen

related plants, thus the two clones of chrysanthemmum. In a study of the
performance of 10 garden-type chrysanthemums the previous summer, the

'Arlora! and 'Chio State! clones were rated the best.12 Consequently,

11 Herein frequently referred to as indicator plants; a term
often used in reference to plants that serve as biological indicators.

12 puthor's unpublished data.
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use of these two was planned but the supplier's shortage of the latter
necessitated the substitution of the comparable !Chris Columbus' clone.
The two woody plants were chose because they are extensively used in
landscaping in Western United States.

The chrysanthemm plants, compliments of Neal Bros., Toledo,
Chio, were planted on July 7, 1959, after being grown in a greenhouse
in 2-inch Jiffy peat pots from June 15, 1959, when they had been
received as rooted cuttings. The next spring, on March 11, 1960, the
Ligustrun plants were planted; the Meijoa plants 10 days later.l3 At
planting time, the required number of each of the two woody shrubs had
just been received as 15- to 18-inch-high l-gallon stock from Oki Nur-
sery, Secramento, California. Both shrubs had been vegetatively propa-
gated by cuttings and grown under a routine production schedule over an
8-month period prior to planting.

A description of the arrangement of all the plants in each plot
follows. Each chrysanthemum clone was located in two adjacemt northe-
south rows of four plants each. In other words, there were two lL-plant
rows of each of two clones; totals of 4 rows and 16 chrysanthemwm plants
per plot. Collectively, the plants were in the central portion of the
plot with square-grid spacing of 30 inches betwsen plants. By random
choice, the plants of one clone were planted ':Ln two adjacent rows in
either the east or the west half of a plot; those of the other clone in

the other half of the plot.

13 It was thought that planting the Feijoa and Ligustrum plants
during the 1959 growing season might affect the growth of the chrysan-
themum plants that would be nearest them.
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Interplanted between the two inside rows of chrysanthemum

plants was one plant each of Feijoa and Ligustrum (Figures 2 and 3).

There were no guard plants in the experiment since the spacing
between plants and between plots was designed to avoid any overlapping
effects of the treatments.

During the term of the experiment, all of the plots were sprink-
ler irrigated about once every two weeks to a depth of approximately 15
inches when the moisture supply in any of the plots wmas considered low.
Also, the area was similarly irrigated immediately after the applica-

tions of mulches and fertiliszer.

Sampling Procedures

S0il Bvaluations

Temperature

Soil temperature, as related to soil surface conditions (mulch
versus no mulch) was determined on September 12, 1960; March 21, 1961;
and May 27, 1961. These measuring dates were considered to represent
fall, spring, and summer conditions, respectively. The weather on the
foregoing dates was clear and calm between midafternoon and about
5:00 p. m. when the soil temperatures were taken. A dial-type Rochester
thermometer, with a 20-centimeter-long stem was used in recording the
temperatures. The full length of the stem was inserted into the soil
and the thermometer left in place for about cne minute until the needle
had stabilized before reading the temperature. The soil temperature for
each plot mas an average of three observations made at random locations

within a plot.
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Figure 2.-~Flot plan of the experiment.

Q

All treatments were

randomly replicated in each of the six blocks delineated by the

heaviest boundary lines. The symbol in the upver left corner of each
plot indicates which chrysanthemum clone was on that side of the plot.
The blown-up plot illustrates the arrangement of the plants in a plot.
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Figure 3.--The area of the experiment as it
was in 1961. By then, the chrysanthemum plants had
been eliminated from the plots with a dinitro-in-oil
contact herbicide and only the Feijoa and Ligustrum
plants remained. The view is toc the east.
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Moisture

Soil samples were collected from each of the 5) plots on
September 8, 1960, two weeks after all plots had been sprinkler irri-
gated, to determine the percentage of soil moisture on a dry weight
basis. Each sample consisted of a composite of soil from three random
locations within a plot; all three being at least 12 inches beyond the
periphery of any indicator plant. Immediately before taking a sample,
the soil surface was spot cleared of all mulch material. The samples
were weighed, dried to & constant weight at 105° C in a forced draft

oven for four days and then weighed again to determine moisture loss.

Chemical properties

Soil samples, with which certain chemical properties were deter-
mined, were collected on two dates. These dates and the analytical uses

made of the respective samples are given below.

June 19, 1959

Soil collected on this date was used in the analysis of the
before-treatment chemical properties. This collection date was between
the time the area was disk-cultivated and the mulch treatments were
made. Three samples were collected at random from each of the 5k plots,
dried at 65° Fin a forced draft oven for 2 hours and stored in manila
raper bags. Analysis of the chemical properties as described later was

mde during the summer of 1962 of 10 samples taken randomly from the lot.

September 11, 1961
After-treatment chemical properties of the soil were determined

using samples collected on this date. This was 26 and 2 months,
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respectively, after the mulches and the fertilizer nitrogen had been
applied. Two weeks before collecting the samples, the experiment area
had been sprinkler irrigated to bring the soil to field capacity. The
next day after irrigating, approximately l-foot-diameter randomly |
located spots in each of the mulched plots were cleared of all mulch
material. This was done so the soll samples, when collected, would
all have comparable moisture.

The soil samples were collected from the o-li-inch depth with a
3-inch-diameter soil auger. They were air dried, sieved, and stored
in manila paper bags. Analysis was made for pH, organic matter, nitrate
nitrogen, total nitrogen, phosphate phosphorus, and available potassium

during the summer of 1962.
Plant Evaluations

Nutrient element composition

Bliar analysis techniques were important tools in this study.
They were used, not to determine an optimal range of any nutrient
element in the plants, but rather to compare the effect of the wvarious

treatments on the nutrient element composition.

Ghrysanthemum clones

The nutrient element composition of the chrysanthemum plants
was determined from foliage samples collected on May 2 and July 2, 1960.
These two collections were from different stems since the plants had
been harvested following the May 2 sampling.

Each sample was a composite of about 25 petioled-leaves from

a single clone of a plot. S3ince many workers (65, 73) have pointed out
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a general pattern of nitrogen, phosphorus, and potassium being highest
in young leaves and calcium and magnesgium highest in old lata.*&ros,]'h an
effort was made to select leaves of comparable physiological age. To
achieve this, each leaf was taken from about }; inches below the shoot
apax in the vieinity of the most recently fully expanded leaf of a stem.
In a few plots, it wmas necessary to collect a second leaf from some of
the stems. This leaf was on the next node below where the first leaf
had been selected.

As soon as the foliage samples were collected they were placed
in a forced draft oven and dried at between 70° and 75° G for 20
hours.lS Afterwards they were gound in a Wiley mill to pass a 20-mesh
screen and stored in corked glass vials until analyzed for the nutrient

element composition.

Feljoa and Ligustrum plants

The nutrient element composition of these two shrubs was deter-
mined from foliage samples collected in 1960 on October S and in 1961 on
June 1 and July 21. Each sample consisted of a composite of single
leaves collected from l; to 5 inches below the apex of each of 25 shoots
per plant. After collection these samples were handled in the manner

described above.

1 This pattern generally corresponds to metabolic, shoot elonga-
tion, and leaf expansion rates in plants.

15 None of the leaves were washed when collected because the
overhead irrigation for about 6 hours three to four days prior to each

sampling date left the leaves relatively clean.
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Growth measurements

Chrysanthemum clones

Number of stems.--The stems growing from the root crown of the

chrysanthemum plants were counted on April 28, 1960.

Plant size.--The height and spread of the chrysanthemum plants
were measured on April 27 and June 30, 1960. The data for the indivi-
dual plants were converted to volumetric values by the formula (height
x spread x 0.785}4). The size data constituted the amount of growth of
the plants from the time they had been last harvested as described below.

Plant weight.-~The harvesting and weighing of the chrysanthemum
plants were done in 1959 on November 30 and in 1960 on May 3 and again
on July 8. The plants were cut off at ground level and immediately
welghed to the nearest 1/10 pound on a spring-type scale. The few
leaves that had been taken for foliar analysis purposes just prior to

harvesting did not alter the comparative weights of these plants.

Feijoa and Ligustrum plants

Root weight.--In November 1961, two growing seasons after the

woody shrubs had been planted in the plots, root samples were taken
from a representative number of each of them to assess root growth.
Fach sample was a composite of five soil borings from around the peri-
phery of each plant. The borings were made to a depth of 9 inches and
divided inte three 3-inch-deep increments. Thus three composite
samples were collected from around an individual plant.

The sampling equipment included a cylindrical soil coring tool
having an inside diameter of three inches that was powered by a slow-

speed electric drill. Electricity for the drill was available from a
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wheel-mounted generator described by Lownsbery et al. (h41). Prior to
sampling, all organic matter was cleared from the soil surface beneath
the plants. As the samples were collected, the roots were sem rated
from the soil by sieving. Loss of some of the hair-size roots during
sieving was considered comparable for all of the samples and therefore
to have had no adverse effect on the comparative interpretation of the
data.

Shoot growth of the Feijoa.--The current season's linear shoot

growth mas measured on the Feijoa plants on September 12, 1961. This

included all the primary and secondary shoots of a plant.

Analytical Procedures

Soil Properties

The methods outlined by Rible and Quick (56), comparable to those
described by Black (9), were used to analyze various soil properties.
These methods are briefly dsscribed hereafter. The soil reaction was
determined by measuring the pi with a glass electrode Beckman pH meter
using the saturated paste method (9, pp. 920-921, 935). Nitrate nitro-
gen mas extracted from the soil samples with calcium sulfate and sodium
phosphate, the extract treated with silver sulfate to remove chloride,
and analysed colorimetrically by the phenoldisulfonic method using a
Bausch and Lomb colorimeter equipped with a }400-420 millimicron blue
filter (9, pp. 1212-1217, slightly modified). Total nitrogen was found
by a modified Kjeldahl procedure.

Available phosphorus was extracted by 0.5 molar sodium bicar-
bonate solution at pH 8.5 and determined colorimetrically by the ammo-

nium molybdate-stammous chloride method using a Bauach and Lomb
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colorimeter equipped with a 650-700 millimicron red filter (9, pp. 104h-
1047). Available potassium was extracted by 1.0 normal ammonium acetate
solution at pH 7.0 and determined photometrically with a Beckman DU
flame spectropnotometer (9, pp. 1025-1028). Organic matter wmas deter-
mined by loss of weight on ignition. |
Nutrient Element Composition of the

Indicator Plants

The amount of various nutrient elements in the follage of the
four indicator planis was found by the analytical procedures used in
the Pomology Laboratory of the Davis campus of the University of
California. The first step in these procedures, applicable for phos-
phorus, potassium, calecium, sodium, magnesium, and manganese, was diges-
tion in the presence of a solution of ammonium hydroxide and nitric
acid followed by ashing in a muffle furnace. The concentration of total
potassium, calcium, sodium, magnesium, and manganese was determined by
flame photometry using a Beckman Model DU spectrophotometer with flame
attachment and modified amplifier. The amount of total phosphorus was
determined colorimetrically with a red-filtered Bausch and lomb
colorimeter.

Determination of the total nitrogen in the foliage of the indi-
cator plants was made by a modified Kjeldahl method. It consisted of
adding a sulfwric acid-salicylic acid mixture to the ground leaves and
then digesting in Kjeldahl digestion apparatus.

The results of all analyses are pregsented on a dry weight basis.
Concentration of the elements is expressed in parts per million for

manganese and in percentage for the other elements.
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Statistical Procedures

The statistical significance of the differences of all the data
wms tested by analyses of variance according to methods described by
Steel and Torrie (66). Only analyses of variance of the raw data in
arithmetic form are reported. Doing log transformations of the data
before doing the analyses of variance mas not needed.

The analyses of variance of the data for the nutrient elements
in the indicator plants consisted of a split-split plot factorial
deisi.gn,l6 by which the mulch and fertiliger factors were analyzed in
the wholsunit; the plants (either the two chrysanthemum clones or the
two woody plants) in the sub-unit, and the sampling dates (two for the
chrysanthemum clones and three for the two woody plants) in the
sub-sub-unit. 7

The results are presented in tabular and narrative versions
under eéach of several subject categories. Most of the tables within
the narrative are so-called segregated two-way tables.18 Each such

table consists of those data, related to a significant interaction,

16 One of the principal reasons for using a factorial design in

this study was to detect and measure the interactions of the wvarious
treatments. For instance, it was desired to see whether mulching has
the same affect on the different kinds of plants. 3Such a comparison ms
made of the two chrysanthemum clones and another of the two woody shrubs.
With such a design it was possible to interpret the results in more
detail where interactions were significant than could have been done by
congidering main effects only.

17 A typical analysis of variance table of mean squares and
Fisher (F) ratios, that for foliar nitrogen in the chrysanthemum plants,
is presented in Appendix Table 1.

18 The caption of each segregated two-may table is an abridged
version of the caption of the appropriate master two-way table (see
footnote 19) from which the data in the segregated two-way table are
derived.
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that were segregated from a so~called master two-way ta.ble.19 Whenever
either data or treatment effects are discussed as being either the same
or different it means that that relationship is statistically signifi-
cant at the level of 5 percent or better. Where data are described as
"trending" in a certain direction, it means that their magnitude of
difference is not great enough to be significant at the 5 percent level,

but that it might be significant at a percentage value greater than
that.

19 Data of the overall results within most subject categories
are presented in respective so-called master two-may tables of the
Appendix, These data conaist of the treatment or main effect means
along with various subtotal means. They apply to the various factors
involved in the experiment. Ior example, in the nutrient element
composition categories for the two woody shrubs, the data for each are
for a 3 x 3 x 2 x 3 factorial design, meaning 3 levels each of factors
A (mulch), B (fertilizer), and D (sampling date) and 2 levels of
factor C (plant) as illustrated in Appendix Table 9.

Each datum is identified in the master two-may tables by a
superscript of some or all of the letters a, b, ¢, and d. A datum with
a superscript of all four letters--abecd--is a mean of six observations.
That is, it is a mean of six replications or one observation from each
of the six blocks in the layout of the experiment. A datum with a
superscript of fewer than four of these letters is a mean of the product
of six replications mmltiplied successively by the number of levels of
each factor not shown as a superscript. Rr example, a datum with a
superscript of "cd® is a mean of the product of six replications x three
levels of factor A x three levels of factor B or 5h observationas. The
data for the treatment or main effects of a particular factor have a
common single-letter superscript; those for factor A an "a" superscript,
and so forth.

Accompanying most of the master two-my tables is a table of the
least significant differences (LSD) for the data of that master two-may
table. To find the LSD between any two data having a common superscript,
refer to that superscript in the first or Item columnof the LSD table
and choose the appropriate datum within one of the one or more rows
pertaining to that superscript.



BRESULTS AND DISCUSSION

A general discussion of the analyses of variance F-ratios for
the various soil and plant properties will preceed presentations of the
results and discussion in each of the several subdivisions of any major

subject category that follows,

Soil Properties

The significant F-ratios of Table 8 indicate that the mulch
factor had an important influence on all properties of the so0il that
were studied except nitrate nitrogen; the fertilizer factor only on
exchangeable potassium,

TABLE 8,~-Significance of the relationship between the variation of

several soil properties and mulch, fertilizer nitrogen, and samp
date factors (F-ratios are calculated from data of Appendix Table 2)}

i — r—————

Factor F-ratio for the indicated soil property
Factor code Temperature Moisture Reaction Organic matter
Mulch A 118,88+ 41,13 1), 03 397
Fertilizer B <] 1.52 1.82 <l
sampling date C L2l Thsew
Factor F-ratio for the indicated soil property
Factor code Nitrate Total
nitrogen nitrogen Phosphorus Potassium
Mulch A 2,45 23,08%» 10,895 9 o T30
Fertilizer B 1.96 <1 <1 3453

1 Symbols * and #* indicate significance at the 5= and l=percent
levels respectively,

L3
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Only temperature was measured at different dates and, as
expected, the sampling date factor, compared with the mulch and fer-
tilizer factors, was by far the most significant for it, Even so, the
greatest influence of the mulch factor was on the temperature, too,
followed in order by moisture, total nitrogen, available phosphorus,

available potassium, and organic matter,

Temperature

On March 21, 1961, the soil temperature under either of the
mulches was about one degree warmer than without mulch (50° vse L9° F).
Conversely, the mulched soil was cooler by about two degrees on May 27,
1961 (64° va, 66° F), and by about nine degrees on August 12, 1960
(74° vs, 83° F), as shown in Table 9.

Even though there were minor differences in soil temperature,
the pattern for the different recording dates was as follows: coldest
in March, warmer in May, and warmest in August, whether mulched or not.
TABLE 9.~Effect of mulches on soil temperature on a fall, a winter,

and a spring day (Data are those with an "ac" superscript of Appendix
Table 3; LSD values are from Appendix Table L)

A —— e —————————— e y——————
—

Soll temperature, degrees F

Mulch treatment

8/12/60, ¢y 3/21/61, c, 5/2'?/61,c3
No mulch, a, 83 50 66
Woodshavings, a, Th 51 6l
Woodchips, ay 75 51 6L

ISD for all data (rounded): 5%, 1; 1%, 1

The pattern of these temperatures coincides with the results obtained
by numerous other workers as reviewed earlier (17, 32, 38, L9)s In

essence, the insulation provided by a mulch, whereby temperature changes
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on the top side of the mmlch are tempered on the botitom side, is a

principal feature of a mulching practice,

Moisture
The l6-percent moisture content in the top 3-inch horizon of the
woodshavings-and the woodchips-mulched soils was about twice the amount
found in the unmulched soil (Table 10). The reason for this differential
must be because evaporation of moisture was much less for the mulched
soil than for the unmulched soil {32, 77).
TABLE 10.,--Effect of differentials of mulch and fertilizer nitrogen on

the amount of meoisture in a Yolo fine sandy loam soil approximately one
year after treatment application

Soil molsture, percentage, for the indicated

Mulch treatment fertilizer nitrogen rate Mean
0 1b,, by 1 1b., b, 2 1lb,, 1:2
No mulch, a, 9433 7495 7.38 8.22
Woodshavings, a, 16,18 14,58 18,07 16,28
WOOdChipS, 8.3 17087 15038 16027 16|51
Mean lhollé 1206h 13.91

LSD for the mean values: 6%, 2.23; 1%, 2.95

The slightly slower springtime temperature increase of the
mulched soil (Table 9), compared with the unmulched soil, was probably
due in part to the greater amount of moisture in the former soil. For

this reason, the greater amount of moisture in the mulched soil may not

always have been a benefit.
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Chemical Composition
The chemical composition of the Yolo fine sandy loam soil on
September 11, 1961, 26 months (hereinafter indicated as two years)
after mulch-application, as affected by the mulch/fertilizer nitrogen

treatments, is discussed below for each of several properties.

Reaction

With either mulch, the soil pH was no less two years later than
at the time of treatment application, Without mulch, however, the
soil pH was higher (less acid) than at the beginning, These differences
may be seen by comparing the data of Tables 5 and 11,

The higher pH value of the wnmmlched s0il two years after treat-
ment application is atiributed to soil moisture loss by evaporation re-
sulting in a concentrating of soluble salts in the surface soil. The
milched soil would have been insulated against such moisture loss.

TABIE 11,--Effect of differentials of mulch and fertilizer nitrogen on

the reaction of a Yolo fine sandy loam soil two years after treatment
application

Soil reaction, pH, for indicated
fertilizer nitrogen rate

Mulch treatment Mean
0 1b,, by 1 1b., by 2 1b., by
No mulch, aq Ta2 (Y- Tl T2
Woodshavings, a, 6.9 6.8 6.6 6.8
Woodchips, ag 7.0 7.0 7.0 7.0
Mean 7.0 740 649

LSD for the mean values: 5%, 0.2; 1%, 0,2
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The preponderance of literature that indicates that mulching
does not cause a permanent decrease in soil pH (28,33, 35, h3, Lk, L7,
57, 60, 71, 75) should be qualified in light of the results of this
study., Even though the soil pH may not become less in the presence of a
mulich, in areas of limited rainfall, the presence of a mulch may retard
a buildup from evaporative moisture loss of basic compounds in the sur-

face soil,

Organic matter

Whereas the organic matter in the unmlched soil trended lower
from its value at the beginning of the experiment, &8 would be expected,
that in the woodshavings-mulched soil was no different while in the
woodchips-milched soil was greater {Tables 5 and 12),

TABLE 12.,--Effect of differentials of mulch and fertilizer nitrogen on

the organic matter content of a Yolo fine sandy loam soil two years
after treatment application

it

Soil organic matter, percentage, for
Mulch treatment indicated fertilizer nitrogen rate Mean

0., b, 11b.,b, 2 1b,, by
No mulch, al L7 b.S L6 ko6
Woodshavings, a, LeS L.8 k.8 L7
Woodchips, a, 52 5e0 5¢0 Sel
Hem h.e h.a h‘s

LSD for the mean values: 5%, O.h; 1% 0.5

A change in the amount of organic matter in the unmmlched soil
from k.7 percent at the beginning of the experiment (Table 5) to L.6
percent two years later (Table 12) constitutes a decrease of from
94,000 to 92,000 pounds or a net loss of 2000 pounds of organic

matter per acre half-foot (actually about 6 2/3 inches) of soil,
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Similarily, for woodshavings there was no apparent change in organic
matter but for woodchips the change was from L.7 to 5.1 percent, &
gain of 8000 pounds of organic matter per acre half-foot of soil, This
would be a gain of about 25 pounds of soil organic matter per plot, or
about 10 percent of the 270 pounds per plot of woodchips originally
applied.

The fact that the woodchips-mulched soil had the highest organic
matter content suggests that the woodchips had undergone extensive de-
composition within the two-year period. This was apparent by visual
examination, tooe Another characteristic of the woodchips-mulched soil
was that it was much less easily broken apart than the unmmlched soil,
This must have been the result of cementing action of the residual or~-
ganic matter that had percolated into the soil,

It appeared that the woodshavings mulch had compacted in wolume
considerably but had undergone far less decomposition than the woodchips
mulche None of the characteristics of the woodchips-mulched soll was
observed for the woodshavings-mulched soil, )

Apparently the succulent foliar portion of the woodchips mmlch
accounted for the faster decomposition of that mulch (17) and the in-
herently resistant nature of the douglas-fir woodshavings mulch (L, 11,

LY) predisposed it to a slower rate of decomposition.

Nitrate nitroggg

The effects of differentials of mmlch and fertilizer nitrogen on
soil nitrate nitrogen were inconclusive since the analysis of variance for
each of the two factors was not significant. The relatively large LSD
values for the data indicate wide variation in the raw data, Such was
the case with one of the data of Table 13; six values over which it is

an averaged rangedbetween L.8 and 59,2,



L9

TABLE 13.--Effect of differentials of mulch and fertilizer nitrogen on
the amount of nitrate nitrogen of a8 Yolo fine sandy loam soil two years
after treatment application

Soll nitrate nitrogen, ppm, for indicated
Mulch treatment fertilizer nitrogen rate Mean

0 1b., bl 1 lb., b, 2 lb., b3
No mulch, a, 30.1 12} 10.L 17.7
Woodshavings, as 104k 16,1 15,5 13.9
Woodchips, a4 16.3 21,1 19.3 18.9
Mean 19 «0 16.5 15.1

LSD for the mean values: 5%, 7.h; 1%, 7.8

Regardless of the lack of significance for any differences in
the data, its important to note that after two years the concentration
of nitrate nitrogen was still about the same as at the beginning of the
experiment (Tables S and i3). In studying the immobilization (also
termed demineralization) of mineralized (also termed available) nitrogen
during the decomposition of oak and pine chip mulches, Salomon (60)
likewise found little difference two years after application in the
amount of mineralized nitrogen of the soil between either mulch or be=
tween either of the mulches and the check.

Had & nitrate nitrogen analysis been méde in this experiment
within the first year after mulch application, the results might also
have coincided with those obtained by Salomon, He found that during

- the first 90-day perlod the demands for mineralized nitrogen were about
twlce as great with the oak chips as with the pine chips. During the
second 90-day period, the demand for mineralized nitrogen was the same

for both kinds of chips, indicating by then an accelerated decomposi-
tion of the pine chips,
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Total nitroggg

Since the data of Table 14 for total nitrogen of the soil do
not differ between fertilizer treatments, it is inferred that two years
after application nome of the fertilizer nitrogen remained in any of
the mulched or unmulched soil, Its loss would have occurred from 1)
leaching, 2) escape of gaseous forms into the atmosphere, 3) utilization
anew in the growth of higher plants, and L) erosion of the soil,

TABIE 1l.--Effect of differentials of mulch and fertilizer nitrogen on

the amount of total nitrogen of a Yolo fine sandy loam soil two years
after treatment application

Total nitrogen, perceantage, for indi-
Mulch treatment cated fertilizer nitrogen rate Mean

TEp—

0 l-b.’ bl 1 lb., b2 2 ].b., b3

No mulch, a, +08Y 079 081 081

Woodshavings, a, +08Y «082 .085 208l

Woodchips, ay 097 «098 «097 097
Mean 088 »086 088

LSD for the mean values: 5%, .005; 1%, .007

Within the two-year period there was also a loss of total nitro-
gen from the unmilched soil, regardless of fertilizer treatment. That
is, to start with, the total nitrogen value of the soil was ,096 per-
cent (Table 5); at the end of the two years it was .08L (Table 1i),.
Much of this loss must have followed further decomposition of that
organic matter already in the soil at the start of the experiment,

The loss of total nitrogen was relatively the same in the wood-
shavings-mulched soll as in the unmlched soil, at least the mean val=-
ues, when averaged across all three fertilizer levels, were not sig~

nificantly different. These data do not reveal to what greater extent
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nitrogen of the woodshavings~-mulched soil compared with that of the un~
mulched soil, was immobilized by microbial proliferation, The extent of
such immobilization will be apparent in a later section omn foliar nitro-
gen in the indicator plants,

With the woodchips treatment, the total zmount of nitrogen was
the same two years later as at the begimning of the study. Consequently,
any nitrogen that might have been lost through the three processes de-
scribed above must have been replenished through the mineralization of
the organic nitrogen of the woodchips mmlch and the subsequent movement
of that nitrogen downward from the mulch into the upper portion of the
soil profile,

The data for total nitrogen correspond with those for organic
matter; in the unmulched soil organic matter was the lowest and so was
total nitrogen. They were highest in the woodchips-mulched soil. The
reason for the latter has already been stated but in summary it is that
the decompoasitlion processes had progressed to the stage where both or-

ganic matter and nitrogen were being released into the soil,

Available phosphorus

Comparing the data of Tables S and 15, it is seen that the a-
mount of available phosphorus in the unmulched soil remained the same
between the beginning of the experiment and the next sampling date more
than two years later; in the woodshavings-mulched soil it became less

and in the woodchips-mulched soil it became more,
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TABLE 15.--Effect of differentials of mulch and fertilizer nitrogen on
the amount of sodium bicarbonate extractable phosphorus of a Yolo fine
sandy loam soil two years after treatment application

— ——— ——r
p—p—— ——— r—

Extractable phosphorus, ppm, for indi-
Mulch treatment cated fertilizer nitrogen rate Mean

0 lb., by 1 1b., b, 2 Ib., b,

No mulch, 31 31.k 3L.7 30.1 32,1

Woodshavings, as 27.7 27.0 25,1 26,6

Woodchips, a4 hi,2 32,3 36.5 36.7
Mean 33.L 31.3 30.6

LSD for the mean values: 5%, L.58; 1%, 6,06

With this nutrient, leaching is no problem which is probably an
important reason for the amount in the unmilched soil remaining constant.
The phosphorus pattern for the woodchips-mulched soil was consistent with
that ordinarily reported (18, 26, 57, 71, 80, 82), This increase in
phosphorus over the amount found in the soil at the beginning of the
study would hawve resulted from at least two t.hi.ngsl. One, release of
phosphorus from decomposition of the wecodchips. Two, formation of or-
ganic acids thus causing the release of phosphorus from insoluble cal-
cium, aluminum, and iron phosphates, citric acid being one of the most
effective,

Why there was not also more available phosphorus in the wood-
shavings-mulched soil must have been because the decomposition of that
mulch was at a stage where proportionately more soluble phosphorus was
being immobllized or appropriated by the microorganisms than was being
released, The amount of phosphorus in decomposition bacteria is knowm
to exceed L percent by dry weight (79}, On the same basis, the wood-
shavings contained only about 0.02 percent or 20 times less, Conse-

quently, during initial decomposition of this material, immpbilization
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of soluble phosphorus could have been substential, Apparently, the
decomposition pattern of the woodchips was already beyond such a stage,
To the extent that sodium-bicarbonate-extractable phosphorus is
an indicator of the amount of available phosphorus, the results of these
s0il analyses show it to have been least available in the woodshavings-
mulched soil, intermediately available in the unmulched soil, and most
available in the woodchips-mulched soil, How these values relate to the

amount of phosphorus in the indicator plants will be presented later.

Available potassium

In the two-year period from treatment to final soil sampling,
the amount of available potassium remained unchanged in the woodchips-
mulched soil and became less, of comparable magnitude, in the unmmlched
and the woodshavings-mulched soils (Tables S and 16), The reason for
the almost 15 percent less available potassium in the soil of the latter
two treatments is not apparent, Since the literature that was reviewed
almost wnanimously indicates an increase in this nutrient with mulch,
even the lack of an increase per se in the woodchips-mulched soil
suggests that available potassium was depleted in some manner, But,
unlike the soil of the no-mulch and the woodshavings treatments, it
appears that the available potassium of the woodchips-mulched soil
was being replemished through the decomposition process.

Like nitrogen and phosphorus, a very large proportion of potas=-
sium in the soil is insoluble and unavailable to higher plants (17,
pe 1i52)s Competition by microorganisms for this element affects its
avallability to higher plants. Presumably, it is for that reason that
the potassium content of the woodshavings-mulched soil was virtually

the same as in the unmulched soil, that is the decomposition micro-
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organisms of the woodshavings were tying up some of the potassium there-
in, In contrast, with the woodchips having been further decomposed, the
demands of the microorganisms in that soll were ebbing. Consequently,
proportionately more was being released as an available form than was

being appropriated by the microorganisms,

TABLE 16,-=Effect of differentials of mmlch and fertilizer nitrogen on
the amount of available potassium of & Yolo fine sandy loam soil two
years after treatment application

—  — — ————— —— ——— ——— - ——

Available potassium, ppm, for indicated

Mulch treatment fertilizer nitrogen rate Mean

0 Ibs, by 1 Iba, by 2 1b,, by

No mulch, &g 382 K18 368 389

Woodshavings, a, L38 378 379 398

Woodchips, 8y koo h58 L27 458
Mean L37 418 391

ISD for the mean values: 5%, 36; 1%, L8

Plant Propertlies

The objective of this part of the study was to determine how
various aspects of plant composition and development would be affected
under the conditlons of the experiment. Further, it was aimed at
assessing these effects on the two closely related herbaceous plants ==
the chrysanthemum clones — and on the two dissimilar woody evergreen

shrubs -~ the Feijoa and Ligustirum, The results and the interpretation
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of each of several growth characteristics and nutrient elements of the
indicator plants are discussed in the sections that rollov.2°
Nutrient Element Composition of
the Indicator Plants

The effects of the mlch/fertilizer factorial treatments on the
nutrient element composition of the two chrysanthemum clones on two
sampling dates in 1960 and of the two woody shrubs on three sampling
dates between October 5, 1960, and July 21, 1961, were determined for
each of seven nutrient elements, namely: nitrogen, phosphorus, potassium,
sodium, calcium, magnesium, and manganese., The analyses of variance
mean squares for the raw data of each are shown in Appendix Tables 5 and
6. F-ratios for the four factors influencing the concentration of these
mutrients are shown in Table 17 for the itwo chrysanthemum clones and in
Table 18 for the two woody shrubse

As for the chrysanthemum clones, the significant F-ratios of
Table 17 indicate that the mulch factor had an important effect on the
foliar concentration of all of the nutrient elements studied except
sodium; the fertilizer factor on nitrogen, potassium, and manganese
only. By far the largest and most significant effect on each of the
seven nutrient elements was the date that the samples were collected
throughout the year, It is of interest that the plant factor had next
to the largest and significant influence on the foliar concentration of

nitrogen, potassium, sodium, and manganese, Phosphorus, calcium, and

20 Some of the main effects data of the growth measurements and
foliar nutrient composition of the indicator plants are composited in
Appendix Tables k2 through L6, These give an overall view of the
mlti-effects of the mulch/fertilizer treatments on the different plants,
Presented in Appendix Table 47 is a composite schematic analysis of
the general change in the concentration of the foliar phosphorus, potas-
siam, sodium, calcium, magnesium, and manganese as the concentration
of foliar nitrogen diminished in each of the four indicator plants,



TABLE 17.--Significance of the relationship between the variation of the foliar concentration of each of
several nutrient elements of the chrysanthemum plants and the mulch, fertilizer, plant, and sampling date

factors .1’

n

Factor F-ratio
Factor code N P K Na Ca Mg Mn F.95 F.99
Cultural treatment
Mulch A 36,083 31,268 10,273 <1 70,9033 10k L2 3.53*% 3,23 5,18
Fertilizer B 16.13** <] 5.33** 108)4 <l <1 5.82** 3023 5.18
Plant c 86,17 Se893t 300,77t 50,193 3425 2,16 20,13 4,06 7426
Sampling date D LLLG31sst LE3 478t 921,333 GO6L,76m: 752,008 234 ,hhiw 135,834 3,95 6,93

1 F-ratios are calculated from the data of Appendix Table 5

2 Symbols # and 4t indicate significance at the 5 and 1 percent levels, resapectively

95
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magnesium were not or only minutely influenced by the kind of plant.

For those three nutrient elements, the next to the largest and signifi-
cant influence, after sampling date, was mulch,.

Considering the data of Table 18 for the two woody shrubs, the
muich factor had an important influence on all nutrient elements in these
two plants; manganese at the S5-percent level and the others at the l-per-
cent level. The fertilizer factor influenced the foliar concentration of
potassium, nitrogen, phosphorus, magnesium, and calcium in the order
given, Tt had no influence on the sodium or the manganese. As with the
relationships of the nutrient elements in the chrysanthemum plants, the
sampling date factor had by far the largest and usually the most signifi-
cant influence on the foliar concentration of all of the nutrient ele-
ments with the exception of phosphorus, There was no significance for
that element. The plant factor influenced the foliar concentration for
sodium, nitrogen, and potassium at the l-percent level; for manganese,
calcium, and magnesium at the S-percent lewvel, but did not for phosphorus,

The malch and fertilizer fad¢tors influenced the foliar potassium
concentration far more than they did the foliar nitrogen concentration,

The effects of the various factors on the foliar concentration

of each nutrient element is presented below,

Foliar nitrogen

The data means for the effects of the mulch/fertilizer treat-
ments on foliar nitrogen are presented in Appendix Tables 7 and 9 for

the chrysanthemun clones and the woody shrubs respectively,

Foliar nitrogen of the chrysanthemum clones
Compared with the no-mulch treatment, foliar nitrogen of the

'Arlora'! clone was about 25 percent lower with either mulch in May, In



TABLE 18.~--Significance of the relationship between the variation of the foliar concentration of each of

several nutrient elements of the Feijoa and

trum plants and the mulch, fertilizer, plant, and sam-
% ?Ete

factors.lsz
F-ratio
Factor F F
Factor code 95 W99
N P K Na Ca Mg Mn
Cultural treatment
Mulch A 91,66 19 LT 301,76k 9,068k 11,8Lww 35,76  3.45¢ 3,23 5,18
Fertilizer B 20,26 T o023 138,66 <1 G o2 3383 CeS0M% <1 3,23 5,18
Plant C  93.95% <l 12,12 237,h2#¢ 5,21 5 eiot 6,07# L,06 7.26
Sampling date D 175,96 <l 265,72%% 132,30k 23)4,22s 234,681  50,2Lx 3,00 4,61

1 p-ratios are calculated from the data of Appendix Table 6

2 Symbols # and 3 indicate significance at the 5 and 1 percent levels, respectively

85



59
July it was lower only with woodshavings. For the 'Chris Columbus'
clone it was lower only with woodshavings and then only in May. These
differentials are shown in Table 19,

Whereas foliar nitrogen was the same for all fertilizer levels
for the May sampling, when sampled in July there was more of it with in-
creased fertilizer (Table 20)., The data of Table 19 also shows that the
aforementioned pattern was consistent for all three levels of mlch, even
though the magnitude of difference between fertilizer levels was greatesti
for woodshavings. Apparently, some conditlion of the environment otlher
than nitrogen supply was the cause of the foliar nitrogen pattern in May,
since, for the May sampling, the foliar nitrogen was generally the same
regardless of fertilizer rates, whereas for the July sampling it was

correspondingly more with higher rates of fertilizer,

TABLE 19 .-=Effect of the mulch treatments on the amount of foliar nitro-

gen of each of the two chrysanthemum clones on each of the two

dates (Data are those with an “acd" superscript of Appendix Table T7; LSD
values are from Appendix Table 8)

Foliar nitrogen, percentage dixy weight basis

Mulch treatment tArlora!', 21_ 'Chris Columbus', cj
5/2/60, 4, 1/2/60, 4, 5/2/60, &, 1/2/60, 4,
No uulch, 31 ’4002 hl3h 3.1)-1 3072
Woodshavings, a, 2,65 L1402 2,67 3.68
Woodchips, 33 3.03 ha39 3.00 3.89

1Sp: 5%, 0.21; 1%, 0,28



60

TABLE 20.,--Effect of the milch treatments and the fertilizer treatments

on the amount of foliar nitrogen of the chrysanthemum clones on each of

two sampling dates (Data are those with an "abd" superscript of Appendix
Table 7; LSD values are from Appendix Table 8)

Nt m—

Foliar nitrogen, percentage dry weight basis,
Malch for the indicated fertilizer rate

treatment 0 1b., by 1 1b., b, 2 lb., b3

5/2/60, 1/2/60, S/2/60, 1/2/60, 5/2/60, 7/2/60,
4 4 4 d, 4 d;

No B‘I\J:I.Ch, avl 3.55 3086 3.5‘4 3097 3-67 h027
Woodshavings, a, 2,62 3.26 2.78 3.98 2.58 k30
WOOd.ChipS, 8-3 3.10 3.82 2.30 12 3.1 Lohi?

1SD between b levels; 5%, 0.26; 1%, 0.3k
1SD between d levels: 5%, 0.30; 1%, 0.39

Foliar nitrogen of the Feijoa and
Ligustrum plants

In comparison with no-mulch, the foliar nitrogen was consistently
lower in both plants on all three sampling dates with woodshavings; for
the woodchips=-milched plants the amount of foliar nitrogen was no dif-
ferent from the unmulched plants (Table 21),

The pattern for the amount of foliar nitrogen of the Ligustrum
for the three sampling dates was as follows: lowest for the June 1961
sampling, of intermediate values for the July 1961 sampling, and highest
for the October 1960 sampling., There was no consistent pattern for the
Feijoa,

With increased levels of fertilizer there was a corresponding
increase in foliar nitrogen of both shrubs on the October 1960 sampling.

This pattern appeared as a trend on the other two sampling dates for the

L%strum but not for the Feijoa.
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TABLE 21.,--Effect of the mulch treatments on the amount of foliar nitro-

gen of each of the two shrubs on each of the three sampling dates (Data

are those with an "acd" superscript of Appendix Table 9; ISD values are
from Appendix Table 10)

P arr———

Foliar nitrogen, percentage dry weight basis

Mulch
treatment Feijoa, c, Ligustrum, c»3
1o/5/60, 6/1/61, 1/21/61,  10/5/60, 6/1/61, 7/21/61,
4 dp 4 4 9 %
No EU.lCh, al 1.98 1086 1.91 2.00 1.32 1069
UOOd.ShaVingS, 32 1057 loh? 1‘80 1072 1005 10’40
Woodchips, a4 1,88 1,82 1.9L4 2,10 1.22 1.63

I1SD: 5%, 0.11; 1%, 0.1S

Discussion

Understandably, the amount of foliar nitrogen in the indicator
plants was affecied by an interrelationship of numerous factors. These
included the four measured variables, namely: kind of mulch, amount of
fertilizer nitrogen, kind of plant, and sampling date,

The markedly lower amount of foliar nitrogen in the woodshavings=
milched plants than in the unmulched ones must have resulted from a
gsevere immobilization of the soil nitrogen which in turn resulted, as
Bollen (11, 13) has shown, from the decomposition of an organic material
of an unusually wide carbon-nitrogen ratio, in this case the woodshavings
of douglas-fir lumber., Because the amount of foliar nitrogen in the
woodchips-mulched plants was only nominally less than in the unmulched
plants, there is considerable inference that the carbon-nitrogen ratio
of the woodchips was such that utilization of the mineralized nitrogen
of the soll by the microorganisms was minimal,

It is important to point out again that the total amount of
nitrogen in the woodshavings and the woodchips was 0,0L% and 0.52%
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respectively (Table 6). Even with a slowly decomposable mulch as the
woodsﬁavings apparently was, the nitrogen supply must have been inade-
quate to meet microbial requirements. The above findings coincide with
previous reports (35, 57) and tend to support Baldsiefen's statement,
to wit: "From my observation over . . . 2everal years, there is abso-
lutely no nitrogen deficiency problem (with woodchips) as there is

with sawdust" (7).

The basic questions that may be answered from the above foliar
nitrogen data are 1) was the foliar nitrogen of any of the indicator
plants less with either mulch compared with no-mulch and, if so, 2)
was this effect averted with fertilizer nitrogen?

A composite schematic analysis of the anéwers to these questions
is presented in Table 22, As for the first question, it has already
been answered by the above discussion. The answer, in summary, is that
in general there was less follar niirogen with woodshavings but about
the same amount with woodchips,

As for the second question, the effect of the woodshavings mulch
was not averted with fertilizer nitrogen at the time of the first
foliar sampling of the season. At the time of the second sampling,
however, the effect of the woodshavings mulch on the foliar nitrogen
was averted with the fertilizer nitrogen treatment in three of the indi-
cator plants but not in the Feijoa. Moreover, regardless of mulch treat-
ment, with increased fertilizer nitrogen, foliar nitrogen was correspond-
ingly higher in both chrysanthemum clones on the July 1961 sampling and
in both woody shrubs on the October 1960 sampling, It appears that
whatever amount of fertilizer nitrogen had not been absorbed into the
plants had elther become immobilized or else leached away from the

vicinity of the plant roots by 1961,



TABLE 22,--General effect of the mulches and fertilizer nitrogen on the concentration of foliar nitrogen
of each of the four indicator plants, (Comparison is with the foliar nitrogen of the unmulched plants)

——

Mulch Change in concentration of foliar nitrogen.l
treatment
First sampling date of season Second sampling date of season
'Chris 'Chris
'Arlora' Columbus'! TFeijoa Ligustrum 'Arlora' Columbus! Feijoa Ligustrum
Woodshavings - - - - =(} =0 - =0
Woodchips - 0 0 0 0 0 0 0

1 piminution of foliar nitrogen is indicated by =; no diminution by 0; diminution amelio-
rated with fertilizer nitrogen by -0,

€9
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Contrary to most published evidence, foliar nitrogen of all
the indicator plants was higher on the second sampling of the growing
season than on the first. Ordinarily, foliar nitrogen becomes less
as the growing season advances (L7, 65). Why it did not in this

experiment was not determined,

Foliar phosphorus

The data means for the effects of the mlch/fertilizer treat-
ments on foliar phosphorus of the chrysanthemum clones and the woody

shrubs are presented in Appendix Tables 11 and 13 respectively.

Foliar phosphorus of the chrysanthemum clones
In May, foliar phosphorus of the 'Arlora' clone was lower with

woodshavings and the same with woodchips compared with the no=-mulch

treatment. But in July it trended higher with woodshavings and actually

was higher with woodchips. By the same comparison, foliar phosphorus
of the 'Chris Columbus' clone was higher with the woodshavings and

higher still with the woodchips on both sampling dates (Table 23).

TABLE 23.,--Effect of the mulch treatments on the amount of foliar phos-
phorus of the two chrysanthemum clones on each of the two sampling dates
(Data are those with an "acd" superscript of Appendix Table 11; ISD val-

ues are of Appendix Table 12)

Foliar phosphorus, percentage dry weighit basis

el it —l— n——— e —

Mulch
treatment 'Arlora', cy 'Chris Columbus', c,
5/2/60, 4,  1/2/60, 4,  5/2/60, &, 1/2/60, 4,
No lllllCh, ﬂ-l .291 030h 0225 .318
Woodshavings, a, «266 <318 «257 365
Woodchips, a4 <284 .333 «2689 389

LSD: 5%, .016; 1%, .021
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As also shown in Table 23, the difference in foliar phosphorus
between the two samplings was at least twice as much for the !'Chris
Columbus' clone as for the 'Arlora' clone. This differential is because
the foliar phosphorus was of somewhat comparable value between corre-
sponding mulch levels in both clones for the May sampling while on the
July sampling date, that of the 'Chris Columbus' clone was markedly
higher than that of the 'Arlora' clome.

When averaged over all other factors, the foliar phosphorus
of both clones was highest for the July sampling compared with the May
sampling and, also, there was no difference between the three fertilizer
levels.

Foliar phosphorus of the Feijoa and
Ligustrum plants

The data of Table 21, show that foliar phosphorus of both shrubs,

when not fertilized, was usually the same with the woodchips-mulch and

TABLE 24,--Effect of the mulch treatments, without fertilizer, on the
amount of follar phosphorus of each of the two woody shrubs on each of
the three sampling dates (Data are those with an “acd" superscript at
the b, level of Appendix Table 13; LSD values are from Appendix Table 1)

Foliar phosphorus, percentage dry weight basis

Mulch
treatment Feljoa, c; Ligustrum, c,
10/s/60, 6/1/61, 1/21/61, 10/5/60, 6/1/61, 7/21/61,
dy dy d3 4 dp d3
No mulch, a, 167 «18L «165 173 «176 <164
Woodshavings, a, 4,290 212 «23h 262 «256 «337
Woodchips, a, .182 .167 173 o177 +147 7L

ISD: 5%’ 0008; l%’ 0010
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the no-mulech treatments. In contrast, foliar phosphorus was about 4O
percent more with the woodshavings mulch. These differentials were
consistent for each of the three samplings.

As shown in Table 25, foliar phosphorus of both shrubs, when
unmulched, wag elther unchanged or else lower for each sampling with in-
creased rates of fertilizer nitrogen,

TABLE 25.,—~Effect of the fertilizer treatment, without mulch, on the
amount of foliar phosphorus of each of the two woody shrubs on each of

the three sampling dates (Data are those with an "abed" superseript at
the a, level of Appendix Table 13; LSD values are from Appendix Table 1h

———
—rm—

Foliar phosphorus, percentage dry weight basis

Fertilizer
treatment Feijoa, ¢y Ligustrum, cjp
> ) BI,” T0/5/60, 671761, 172L/61;
4 dp dy 4 dy d,
0 1b, by 167 184 . 165 «173 176 .16L
1 1b,, b, o167 «18L «170 0159 o17h +156
2 lb., b3 170 o152 o1Li9 162 «126 o126

1SD: 5%, 0.08; 1%, 0,10

Discussion

It appears that the effect of mulches on the amount of foliar
phosphorus of different kinds of plants may vary considerably, As for
the herbaceous chrysanthemum plants of this study, the greater amount
of foliar phosphorus of the mulched plants compared with the unmulched
plants is consistent with the general information in the literature
(18, 26, 57, 71, 80, 82). In this case, there is strong support for
the generality that there is an increase in available phosphorus of
the 80il in the presence of organic mulches (26, 57, 71, 80, 82), and

that this may be due to the solubilizing of the phosphate compounds
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by the organic acids which are produced during microbial decomposition
(18, 23, 82),

Were the amount of foliar phosphorus to follow the pattern found
in citrus leaves (see Table L), it should vary inversely with the supply
of nitrogen. With the chrysanthemum plants that was not the case., With
higher rates of fertilizer the amount of foliar phosphorus did not vary,
Also, there was no inverse relationship between the foliar nitrogen and
the foliar phosphorus of the chrysanthemum plants even though an inverse
relationship would be expected on the basis of the data of Table L,

The pattern for the amount of folliar phosphorus of the woody
shrubs, both of which are evergreen like citrus, indicates that in these
plants there was an inverse relationship between the supply of nitrogen
and the foliar phosphorus concentration (Table 2l). This agrees with the
data of Smith (65) and Sitton et al. (6l)s A general decrease of foliar
phosphorus with an increase in the supply of nitrogen is further sub-
stantiated by the data of Table 23 and Appendix Table 9, These data show
that the foliar phosphorus of both shrubs was consistently higher and the
foliar nitrogen consistently lower for all three samplings with wood=-
shavings mulch compared with either no mulch or woodchips mulch. In
this case, it appears that the amount of foliar phosphorus may be
affected more by the supply of nitrogen than by the presence or absence
of an organic mulch. Moreover, with the woodshavings-mulched shrubs on
each of the three sampling dates there was a corresponding decrease in
foliar phosphorus with each increase in fertilizer nitrogen. This could
be either an aatagonistic effect or a dilution effect. Determining
which it is requires information about the growth pattermn of these two
shrubs which will be considered in a later section,
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The fact that the foliar phosphorus of the woodshavings-mulched
shrubs was correspondingly less with increased rates of fertilizer nitro-
gen for the June and July 1961 samplings suggests that there was still an
effect from the fertilizer nitrogen even though, as was previously noted,
foliar nitrogen was no greater on those dates with increased rates of
fertilizer nitrogen,

The unusually large amount of foliar phosphorus of the wood-
shavings-mlched plants may account for the correspondingly smallest
amount of phosphate phosphorus in the woodshavings-mulched soil (see

discussion of page 51).

Foliar potassium

The data means for the effects of the mulch/fertilizer treat-
ments on foliar potassium of the chrysanthemum clones and the woody

shrubs are presented in Appendix Tables 15 and 17 respectively.

Foliar potassium of the chrysanthemum clones

Compared with the no-muilch treatment, the amount of foliar potas-
sium was the same in both clones for the May and July 1960 samplings with
the woodchips-mulch treatment; with the woodshavings, foliar potassium
was less in the 'Arlora' clone only in July 1960 and in the !Chris Colum-
bus' clone in both May and July 1960 (Table 26).

With increased rates of fertilizer, the folliar potassium was no
different for the May sampling but was correspondingly greater for the
July sampling (Table 27), This effect was consistent for both clones,

Based on the main effect differences only, two other features
of foliar potassium are of interest, too. For one thing, there was

about 20 percent more foliar potassium in the 'Arlora' clone than in
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TABLE 26,--Effect of the mulch treatments on the amount of foliar potas-

sium of each of the two chrysanthemum clones on each of the two sampling

dates (Data are those with an "acd" superscript of Appendix Table 15; LSD
values are from Appendix Table 16§

Foliar potassium, percentage dry weight basis

Mulch
treatment ‘Arloral'c 21 'Chris Columbus', c,
5/2/60, 4,  7/2/60, d;  5/2/60, 4;  1/2/60, d,
No m.llch’ al 3.76 5.03 2.58 h.so
Woodshavings, a, 3.77 L.68 2,07 k.29
Woodchips, ay 3.1 5.01 2,39 ke65

1SD: 5%, 0027; 1’, 0-35

TABLE 27 .,~-Effect of the fertilizer treatments on the amount of foliar

potassium of the two chrysanthemum clones on each of the two sampling

dates (Data are those with a "bd" superscript of Appendix Table 15; LSD
values are from Appendix Table 16

— —
—

Fertilizer Foliar potassium, percentage dry weight basis

treatment 5/2/60’ d’l 7/2/60’ d2
0 lb.’ bl 3.09 hohg
1 1b., by 2,94 LT3
2 lb., b3 3.11 h.86

ISDs 5%, 0.12; 1%, 0,26

the 'Chris Columbus' clone (L.33 versus 3.41). Also, the amount of
foliar potassium of the chrysanthemum plants was about 35 percent less
for the May than for the July sampling (3.05 versus L.69). More
specifically, it was about 2l percent less for the 'Arlora' clone and

L7 percent less for the 'Chris Columbus' clone (Table 28),
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TABIR 28,--Amount of follar potassium of each of the two chrysanthemum
clones on each of the two sampling dates (Data are those with a ®cd"
superscript of Appendix Table 15; LSD values are from Appendix Table 16

Foliar potassium, percentage dry weight basis

Xind of plant 5/2/60, dl 7/2/60, dy
'Arlora‘, ¢y 3.75 LeS1
'Chris Columbus', c, 2435 Lou8

LSDt 5%, 0.hS; 1%, 0.60

Foliar potassium of the Feijoa and
Ligustrum plants

The greatest amount of foliar potassium was found in the unferti-
lized woodshavings-mulched shrubs (Table 29), This pattern was consist-
ent with each shrub and with each sampling date (Appendix Table 17).
Otherwise, there was no definite pattern in the foliar potassium con-
centration with fertilizer nitrogen variables nor with mulch variables.
TABLE 29 .,--Effect of mulch treatments and fertilizer treatments on the
amount of foliar potassium of the two woody shrubs (Data are those with

an "ab® superscript of Appendix Table 17; LSD values are from Appendix
Table 18)

re————— wha—
et =

Foliar potassium, percentage dry weight basis,

Mulch treatment for the indicated fertilizer rate

0 1b., b1 1 1lb,, b2 2 lb., 1:’3
No mu.lch, al 1.01 1.03 0.88
Woodshavings, a, 1.23 1,06 1.07
Woodchips, a3 1,05 1,04 1.04

LSD: 5%, 0,063 1%, 0,09

On the basis of time of year (sampling date), foliar potassium
was highest in June 1961 of intermediate rank in July 1961 and lowest in

October 1960, The respective values were 1.21, 1,10, and 0,83, Even
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though the foregoing data means are averaged over both plants, the effect

was consistent for each kind of plant.

Discussion

The literature generally indicates that more foliar potassium
is found in the leaves of muliched plants than in those of unmulched ones,
On the contrary, in this study it was generally less in the woodshav-
ings-mulched chrysanthemums, the same in the woodchips-mulched chrysan-
themums, and either more, particularly with woodshavings, or else the
same in the muiched woody shrubs; each of the above differences being
compared with the unmulched plants, These differences were erratic,
particularly in light of the fact that the data of Table 6 indicate
that there was about four times more potassium in the woodchips mulch
than in the woodshavings muilch.

Henley (29) stated that while most researchers have reported
a8 gradual decline in the amount of follar potassium as the growing
season advances, he and a few others have found that this decline is
preceeded by an increase early in the growing season, Apparently, that
patterm of an initial rise in the amount of foliar potassium in plants,
followed by a general decline, prevailed for the two chrysanthemum
clones in this study since the amount of foliar potassium was higher for
the July sampling than for the May sampling, The reason such a pattem
for the two woody shrubs was not found may have been due to their having

been sampled too late in the growing season to detect a rise prior to
the usual decline,
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Foliar sodium

The data means for the effects of the mulch/fertilizer treat~
ments on foliar sodium of the chrysanthemum clones and the woody shrubs
are presented in Appendix Tables 19 and 21 respectively.

Foliar sodium of the chrysanthemum
clones

For the May 1960 sampling, no dif ference was found in the
foliar sodium of either clone for different mulch levels or with in-
creased rates of fertilizer, On the July 1960 sampling date, however,
the foliar sodium of the unmulched and woodshavings-mulched plants was
lower or trended lower with increased rates of fertilizer; that of the
woodchips-mulched plants was highest with the highest rate of fertilizer
{Table 30).

TABLE 30,~~Effect of the mulch treatments and fertilizer treatments
on the amount of foliar sodium of the chrysanthemum plants on each of

the two sampling dates (Data are tlpse with an "abd® superscript of
Appendix Table 19; ILSD values are from Appendix Table 20

———— ——g—
I —

ey ———
—r———

Foliar sodium, percentage dry weight basis,
for indicated fertilizer rate

Mulch treatment

0 1be, by 1 1b., b, 2 1b., by
5/2/60, 1/2/60, /2/60, 1/2/60, 5/2/60, 17/2/60,
dy do dy dp dy dp
No mulch, &) 010 .052 .010 «039 .010 Oll
Woodshavings, a5, .012 051 «010 .0L8 +O0L3 033
Woodchips, ag 012 «037 011 «036 012 OUT

LSD: 5%, 0093 1%, ,011
Follar sodium of the Feijoa and
Ligustrum plants
Foliar sodium was the same for all three mulch treatments for

the two samplings of 1961 (June and July), while for the October 1960
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sampling it was less for the plants mulched with either the woodshavings
or the woodchips compared with the no-mulch treatment (Table 31).
However, for the iwo 1961 samplings, foliar nitrogen trended in a direc-
tion typical of the pattern found for the 1960 sampling.
TABLE 31.,--Effect of the mmlch treatments on the amount of foliar
sodium of the woody shrubs on each of three sampling dates {Data are

those with an “ad" superscript of Appendix Table 21; LSD values are
from Appendix Table 22)

I

Mulch Foliar sodium, percentage dry weight basis
treatment 10/5/60, dy 6/1/61, 4, 1/21/61, dy
No mulch, &1 0095 «032 0059
Woodshavings, a, «072 029 029
Woodchips, a4 067 .030 030

ISD: 5%, OlLj 1%, 019

As for the amount of foliar sodium on the different sampling
dates, it was higheét in October 1960, of intermediate rank in July
1961, and lowest in June 1961 when averaged over all mulch levels,
However, an examination of the data for each of the two shrubs showed
that this seasonal variation was applicable to the Ligustrum only
(.222, ,073, and ,027, respectively); not the Feijoa (,03k, ,037, and
«033, respectively),

In summary, foliar sodium was slightly less in the mulched
plants compared with the unmulched ones. Little or no effect was found

for the fertillzer treatment differentials,

Discussion

In this study, mulching with either the woodshavings or the
woodchips had relatively little or no effect on foliar sodium in any of
the indicator plants. Nor was this element effected by any changes in
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the amount of available potassium in the soil, an effect which might

have been expected because of the synergistic relationship of these
two elements,

There was, however, in the chrysanthemum clones in July, an
inverse relationship between the amounts of foliar potassium and sodium
with increasing rates of fertilizer nitrogen, but only with the wood-
shavings~mulched plants. The higher the fertilizer nitrogen rate, the
higher the amount of foliar potassium and the lower the amount of foliar
sodium, In the unmulched and the woodchips-mulched plants, foliar
potassium was greater with increased rates of fertilizer nitrogen but,
unlike that in the woodshavings-mulched plants, foliar sodium usually

was not correspondingly lower,

Foliar calcium

The data means for the effects of the mlch/fertilizer treat-
ments on foliar calcium of the chrysanthemum clones and the woody

shrubs are presented in Appendix Tables 23 and 25 respectively.

Foliar calcium of the chrysanthemum clones

In comparison with the unmulched plants, for the May 1960
sampling, the amount of foliar calcium was lower for the woodchips=-
mulched plants and it trended lower for the woodshavings-mulched ones
(Table 32)., For the July sampling it was lower in both the woodshav-
ings-and the woodchips-mulched planted compared with the unmulched ones,

Fertilizer treatments had no effect on foliar calcium, nor was
there a difference in the amount of foliar calcium between clones. But
between sampling dates, the foliar calcium was highest for the July over

the June sampling, as would be expected.
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TABLE 32,--Effect of the mulch treatments on the amount of foliar

calcium of the chrysanthemum plants on each of two sampling dates

(Data are those with an "ad® superscript of Appendix Table 233 LSD
values are from Appendix Table 2L)

Foliar calcium, percentage dry weight basis
5/2/60, &) 1/2/60, 4,

Mulch treatment

No mu13h, al 0312 .516
Woodshavings, &, «29h +390
Woodchips, a4 «27L «390

LSDs S%’ Cozs; l%’ 0032

Foliar calcium of the Fei:oa and
Ligustrum plants

The highest amount of follar calcium was found in the unmulched
plants, an intermediate amount in the woodchips-mulched plants, and the
least amount in the woodshavings-mmlched ones, The respective values,
when averaged over the other three factars were 0,92, 0,87, and 0,81
(Appendix Table 25),

A corresponding increase in foliar calcium was found with an
increase in fertilizer rate, The values were 0,33, 0.87, and 0,90 for O,
1, and 2 pounds of fertilizer respectively, Consistent with the resultis
of other workers, there was an apparent increase in foliar calcium as
the growing season advanced. The lowest amount was found for the June
1961 sa@Mg, an intermediate amount for the July 1961 sampling, and
the most for the October 1960 sampling, The respective values were
0467, 0.88, and 1,05,

Discussion

The small amount of literature pertaining to the effect of mulch-

ing on foliar calcium indicates that litile or no change may be expected
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(6h)s The usually smaller amount of foliar calcium of the mulched
plants of this study disagrees with those findings and indicates that
the effects of mulching on follar calcium may vary with one or more con-
ditions of the environment not yet identified, One possibility is that
the available calcium in the soil was being immobilized by the decompos-
ing microorganisms., The greater amount of foliar calcium with higher
rates of calcium nitrate fertilizer further substantiates this
possibility.

Since available s0il calcium is readily lost by leaching (16,
pe 534; 70, pe 27h), its concentration must have been greater with in-
creased soil depth. This, and the fact that roots of the mulched plants
must have been concentrated rear the soil surface (in the calcium~poor
portion of the soil profile), would seem to also account for the sub-
stantially smaller amount of foliar calcium in the woodshavings- and

the woodchips-mulched plants than in the unmulched plants,

Foliar mgnesium

The data means for the effects of the mulch/fertilizer treat-
ments on foliar magnesium of the chrysanthemum clones and the woody

shrubs are presented in Appendix Tables 27 and 29 respectively,

Foliar magnesium of the chrysanthemum clones

Foliar magnesium of either the woodshavings-mulched or the
woodchips-mulched chrysanthemum plants was about one-third less than
that of the unmulched plants (Table 33).

There was no difference in foliar magnesium due to fertilizer

treatments. The amount of foliar magnesium was greater for the July

than for the June sampling,



17

TABLE 33.-~Effect of the mulch treatments on the amount of foliar mag-

nesium of each of the two chrysanthemum clones on each of iwo sampling

dates (Data are those with an “acd" superscript of Appendix Table 27;
LSD values are from Appendix Table 28

ki
 ——— M m—

Mulch Foliar magnesium, percentage dry weight basis
treatment "Arlorat, c, 'Chris Columbus', c,
5/2/60, &, 1/2/0, 4, 5/2/60, &, 1/2/60, 4
No mulch, ay «272 328 e221 «3h3
Woodshavings, a, 2163 o221l o172 247
‘HOOdChips, 3-3 0152 .230 0191 .163

1SD: 5%, 0025; 1%’ »032

Foliar magnesium of the Feijoa and
Ligustrum plants

The magnitude of difference between the foliar magnesium of the
utmulched plants and those treated with either of the mulches was not

the same for the two shrubs (Table 3L).

TABLE 3L.--Effect of the mulch treatments on the amount of foliar mag-

nesium of each of the two woody shrubs on each of three sampling dates

(Data are those with an "acd" superscript of Appendix Table 29; LSD
values are from Appendix Table 30)

P e e —— = — ]

Foliar magnesium, percentage dry weight basis,

Mulch treatment for indicated sampling date
Feijoa, cl Ligustrum, cy
10/5/60, 5/1/61,  7/21/61, 10/5/60, 6/1/61, 7/21/6L
No MlIlCh, al .36 .2)4 029 031 023 033
Woodshavings, a, 29 19 2L 30 16 29
Woodchips, &y «28 17 23 31 «20 «31

LSDs 5%, 0.03; 1%, 0.0L

In the Feijoa the foliar magnesium was the highest with the no-mulch

over either of the mulches for all three sampling dates. In the
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Ligustrum,it was highest for the no-mulch over the woodshavings mulch on
the June and July sampling dates; otherwise in this plant there was no
difference between any mulch treatment on the October sampling date nor
between no-mulch and woodchips-mulch treatments for the other two
samplings.

The foliar magnesium in the Ligustrum plants increased with
increased rates of fertilizer nitrogen with no-mulch and woodchips-
mulch treatments; not with woodshavings mulch, This pattern existed
for all three samplings. No such effect was found for the fertilizer

nitrogen treatment on tte Feijoa plants,

Discussion

Ordinarily, a greater amount of available magnesium has been
reported in soil mulched with a decomposable material than in unmulched
soil (37, 68, 80), This condition has been attributed to the solvent
action of carbonic and nitric acid originating in the decomposition of
the decomposable mulch (8, ppe 250, 28L4)s In cantrast, less foliar
magnesium usvally has been reported in miched than in unmulched plants
(26, 58, 80), as was found in this study. Although Robinson and Chenery
(58) attributed this to an antagonistic effect with potassium, the
present data do not always support such a viewpoint. For, while avail-
able potassium of the soil and foliar potassium of the plants was
usually somewhat higher with the woodchips and not with the woodshavings
compared with the unmulched treatment, foliar magnesium was correspond-
ingly lower in both the woodchips-and the woodshavings-mulched plants,
Consequently, it appears that the antagnostic effect between potassium
and magnesium may not have been the principal reason why the foliar

magnesium was so much lower in the mmlched than in the unmulched plants,
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Thus, another reason requires consideration. 48 was also
indicated for available calcium, the amount of avallable magnesium
should have been greater with increased soil depth (16, pe. 53k; 70,
Pe 274)e Conversely, the roots of the mulched plants must have been con-
centrated near the soil surface in that part of the soil profile lowest
in available magnesium, whereas proportionately more roots of the un-
mulched plants must have been deeper in the soil where available mag-
nesium was more abundant, It Seems reasonable, then, that there would
have been substantially less uptake of magnesium in the mulched than in
the unmulched plants,

Microbiological tieup of available magnesium must also have been
a contributing factor in foliar magnesium being lower in the mulched
than in the unmulched plants,

Follar manganese

The data means for the effects of the mmlech/fertilizer treat-
ments on foliar manganese of the chrysanthemum clones and the woody

shrubs are presented in Appendix Tables 31 and 33 respectively.

Foliar manganese of the chrysanthemum clones

Compared with the unmulched plantas, foliar manganese trended
lower in the plants mulched with either the woodshavings or the wood-
chips, especially the ones mulched with the latter,

With increased levels of the fertilizer, there was a corres-
ponding increase in foliar manganese in the July 1960 sampling, however,
no such difference was found for the May 1960 sampling. In general the
foliar manganese was higher in the 'Chris Columbus' clone than in

'Arlora' and higher for the July sampling than for the May sampling,
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Foliar manganese of the Feijoa and
Ligustrum planta

For the October 1960 sampling but not for the June or July 1961
samplings, the foliar manganese was markedly less in the woodchips-
mulched Ligustrum plants compared with the same kind that were not
mulched (Table 35), Otherwise there was no difference in foliar man-
ganese between any of the mulch levels,

Foliar manganese was lower in the Feijoa plants than in the
Ligustrum plants, the respective means being 27,3 and 72,0, It was also
lower for the June and July 1961 samplings than for the October 1960
sampling. The respective values for these three samplings was LL.6,
h7.1, and 102.2.

TABLE 35.--Effect of the mulch treatments on the amount of foliar
manganese of each of the two woody shrubs on each of the three sampling

dates (Data are those with an "acd" superscript of Appendix Table 33;
1SD values are from Appendix Table 3k4)

Foliar manganese, ppm dry weight basis

Mulch
treatment Feijoa, ¢y Ligustrum, ¢,
10/5/¢0, 6/1/61, 7/21/61, 10/5/60, 6/1/61, 1/21/€1,
dy dy d3 dy d, d3
No milch, a) 73 i L7 5 33 51
Woodshavings, a, 80 Lk Lé 186 30 L8
Woodchips, a3 53 76 L3 76 31 L7

Isp: S%, 33; 1%, Lk

No difference was found in foliar manganese between sampling
dates for Feljoa but there was a difference for Ligustrum: at least
three to four times more foliar manganese for the October 1960 sampling
than for the June or July 1961 samplings,
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Discussion

In the chrysanthemums the amount of foliar manganese appears
to be related to the amount of foliar nitrogen, That is, with higher
rates of fertilizer nitrogen, there were correspondingly higher amounts
of foliar nitrogen and also of foliar msnganese. In contrast, Smith (65)
noted that in citrus the amount of foliar manganese is usually less with
applied nitrogen. No such a pattern was found between the foliar nitro-
gen and foliar manganese as affected by the mulches, even though the
1literature generally indicates a pronounced relationship (22, L7, 51).

As for the woody shrubs, the amount of foliar manganese follows
such an erratic patterm as to preclude the drawing of even generalities
about the effect of the mulch/fertilizer treatments on this element in
either the Feijoa or the Ligustrum plants.

Growth Characteristics of the
Indicator Plants

Determinations were made of the effects of the mulch/fertilizer
treatments on the size, weight, and mumber of stems per plant of the
two chrysanthemum clones, of the root growth of the Feijoa and Ligustrum
shrubs, and of the linear shoot growth of the Feijoa.

The analyses of varlance mean squares of the size and weight of
the two chrysanthemum clones and of the linear shoot growth of the
Feijoa are shown in Appendix Table 35.21 F~ratios for the four factors
influencing the size and weight of the two chrysanthemum clones and

the two factors influencing the Feljoa linear shoot growth are shown
in Table 36,

21 Statistical analyses were not made of the date for the num-
ber of stems per plant of the two chrysanthemum clones nor those for
the root growth of the Feijoa and Ligustrum plants.
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TABLE 36,--Significance of the variation in size and weight of the two

chrysanthemum clones and linear shoot growth of the Fe oa in relation

to the mulch, fertilizer, kind of plant, and sampling factors
(F-ratios are calculated from the data of Appendix Table 35)%

F-ratio
Factor Chrysanthemum clones Feijoa
Factor code linear
shoot
Size Weight growth
Cultural treatment
Mulch A 1174373 934874 13431
Fertilizer B 1 3.00 6 4615
Plant Cc 32,723 1
Sampling date D 1 557 eli1t3t

1 symbols * and % indicate significance at the 5- and l-per-
cent levels of probability, respectively

The significant F-ratios indicate that the mulch factor had
an important influence on the size and weight of the chrysanthemum
clones and on the linear shoot growth of the Feijoa plants, No effect
was found for the fertilizer factor on either size or weight of the
chrysanthemum clones but apparently linear shoot growth of the Feijoa
plants was affected by the fertilizer factor. The size of the
chrysanthemum clones was strongly influenced by the kind of plant, yet,

surprisingly, the weight was not,

Chrysanthemum plan ts

The data means for the affects of the mulch/fertilizer treatments
on growth characteristics of the chrysanthemum clones are presented in
Table 37 for the number of stems and Appendix Tebles 36, 38, and LO for

the size, weight, and weight-size ratio, respectively.
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Number of stems

Shown in Table 37 are the results of the count that was made
on April 28, 1960, of the number of stems of major size that had grown
from the root crown of each chrysanthemum plant since the November, 1959,
harvest of the tops. Even though these data have not been analyzed
statistically, there appears to be some definite differences. For one
thing, there were far more stems in the unmulched plants than in the
milched plants. Between the mulched plants, there were slightly,
but consistently more stems in the woodchips-mulched plants than in the
woodshavings-mulched ones.

Another important difference is that there were about twice as
pany stems in the 'Arlora! clone for each mulch level as in the 'Chris
Columbus' clone, On the basis of this, on the basis of the 'Chris
Columbus' plants being about 20 percent bigger than the 'Arlora' plants

(Appendix Table 36), and on the basis that the weight of each clone was

TABLE 37.--Effect of the mulch treatments and the fertilizer treatments
on the number of stems per plant of each of_ the two chrysanthemum clones
on April 28, 1960}

t::ii;nt indicated fertilizer rate
‘Arlora'’, ¢y 'Chris Columbus', c,
0 lb.,bl l 1b.,bs 2 ll:n.,b3 0 lb.,b1 1 1b.,b, 2 l.b.,b3
No mulch, a 22,7 22,39 19.k9 12,08 13,95 11,29
Woodshavings, az 12.66 11.57 11068 6.3h 603]1 6.113
HOOdChips, a3 1.6.28 11.1.91-1 15085 7052 6080 7.85

1
Replications averaged--no statistical analysis made.
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the same (Appendix Table 38), it is apparent that the size and weight

per stem were much greater for the 'Chris Columbus' clone than for
the tAriorat,

Size (volume)

When measured on April 27, 1960, the size of both of the chrysan-
themum clones was about four times larger for the ummulched plants than
for the mulched ones (Table 38). On June 30, 1960, the size of the re-
growth (the tops of the plants were harvested on May 3, 1960) of the
'tArlora! plants was the same for all mulch treatments, that is, the un-
mulched ones were smaller and the mulched ones slightly larger than they
had been when measured in Aprile. In contrast, the size pattern of the
second crop of the 'Chris Columbus' plants was somewhat like that of the
first crop--the unmulched plants were the largest and the mulched ones
the smallest. However, even with tiat size differential, the mumlched
'Chris Columbus' plants were much larger than in April,

TABLE 38,-~Effect of the milch treatments on the size of each of the two
chrysanthemum clones on each of two measuring dates (Data are those with

an ®acd" superscript of Appendix Table 36; LSD values are from Appendix
Table 37)

Size, cubic incles per chrysanthemum plant

Mulch 'Arlora', ¢, 'Chris Columbus', Co
treatment
L/27/60,d; 6/30/60,d, L/21/60,4, 6/30/60,4,
No muich, a, 17k 57 171 133
Woodshavings, a, 30 62 38 95
Woodchips, aj 52 63 ko 88

Lsp: 5%, 18; 1%, 25
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Considering the two clones, there was comparable growth for
each when measured in April. For the June measuring, however, the
'Chris Columbus' clone was distinctly larger,

No size differences were found for the fertilizer treatments
although there was a trend for the unmilched and the woodchips-mulched
plants treated with the l-pound rate of fertilizer to be of comparable
size and larger than those treated with the O« and 2-pound fertilizer
levels, Since this pattern was not present with the wood-shavings-mulched
plants, for which nitrogen immobilization apparently was severe, it may
be inferred that the 2-pound rate of fertilizer was an excess amount for
the no-mulch and woodchips treatments,

There was also a trend for the woodshavings-mulched plants to
be larger with each increase in fertilizer nitrogen when measured on

June 30, 1960.

Weight

When harvested on November 3, 1959, the chrysanthemum plants
weighed the same for all mulch levels, In contrast, compared with the
unmulched plants, the mulched ones were at least three times lighter
when harvested in May., This same differential, but of lesser magnitude,
was also found fer the July harvest (Table 39),

There were no weight differences for the fertilizer treatments
for the November 1959 nor for the May 1960 harvests. With the July
1960 harvest, both clones treated with either no-mulch or woodchips
and fertilized with the l-pound rate of fertilizer were the heaviest,
compared with the other treatmente (Table LO). the lack of a similar
increase for the unmulched and the wodchips-mulched plants treated

with the 2-pound rate of fertilizer suggests that that much fertilizer
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TABLE 39 .~-Effect of the milch treatments on the weight of each of the

two chrysanthsmum clones on each of three harvest dates (Data are those

with an “acd" superscript of Appendix Table 38; LSD values are from
Appendix Table 39)

Weight, pounds per chrysanthemum plant

tr:ﬁfnl;xt 'Arlorat, ¢ 'Chris Columbus', C,
1/30/59, 5/3/60, 1/8/60, 11/30/59, 5/3/60, 1/8/60,

4 dy d, 4 dy d,

No mulch, &4 +30 2.98 1.82 23 2.33 2.78
Woodshavings, a, 17 52 Py o12 55 2,26
Woodchips, a4 25 9L 1.09 .13 «58 1.96

LSD (applicable only for the different a's): 5%, 0,31; 1%, 0.4l

TABLE 4O.--Effect of the mulch treatments and the fertilizer treatments

on the weight of each of the two chrysanthemum clones on the July 8, 1960

harvest date (Data are those with an “abcd® superscript at the d, level
of Appendix Table 38; LSD values are from Appendix Tsble 39

Weight, pounds per chrysanthemum plant,

Mulch for the indicated fertilizer rate
treatment
‘Arlora’', cy 'Chris Columbus', c,
o) lb.,bl 1 1b.,b, 2 1b.,b3 0 lb.,b; 1 1bs,by 2 1‘|:.,.1:»3
No mulch, al 1.76 2.15 1.53 2.118 3.25 2.&
Woodshavings, a, 1.23 1.42 1.76 1.72 2.32 2.73
Woodchips, a3 1.88 2,92 1.43 1,56 2.28 2,03

LSD: 5%, 0053;1%, 0.71

was detrimental to maximum plant growth. It should be noted, however, that
the smaller weight of the woodchips-mulched plants treated with the 2-
pound compared with the l-pound rate of fertilizer was & trend difference
rather than a significant difference.

In contrast with the results described in the previous paragreph,

with each increase in fertilizer nitrogen there was a corresponding in-
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crease in the weight of the July 1960 harvest of both of the chrysan=-
themum clones mulched with woodshavings. This appears to indicate that
the increased amount of foliar nitrogen with corresponding increases in
fertilizer nitrogen with these treatments (Appendix Table 7) was bene-
ficial to plant growth., It also indicates that the application of fer-
tilizer nitrogen was beneficial in correcting a nitrogen deficiency in

both plants mulched with woodshavingse

Weight-size ratio

Ratlos of the weight of the chrysanthemum plants to their size,
as affected by the factorial treaiments, are shown in Appendix Table LO.
In general the plants harvested in May 1960 were about two-thirds as
heavy per unit size as those harvested in July 1960 (Table L1), These
data are reasonably comparable for both clones for any mulch or ferti-
lizer treatment for the May harvest and also for the July harvest for
TABLE Ll.--Effect of the mulch treatments on the weight~size ratio of

each of the two chrysanthemum clones on each of two measuring dates
(Data are those with an "acd" superscript of the Appendix Table LO)

Weight-size ratio per chrysanthemum plant

tr:‘al.i:gnt 'Arlora', ¢ "Chris Columbus?', cy

Sj60,a, /60,4, SJ6,4, 7/60,4;
No mulch, al 1,71 3.21 1.37 2.09
Woodshavings, a, 1.69 2.36 1.h6 2,37
Woodehips, a4 1,78 3.27 1.6 2.23

the 'Chris Columbus' clone., On the other hand, when averaged over all
three fertilizer levels, the July or second harvest of 'Arlora' plants

mulched with woodshavings was appreciably lighter than the unmmleched
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ones; the woodchips-mulched ones weighed virtually the same as the un=-
mulched ones,

The reason the plants of the first harvest were lighter per unit
volume than those of the second harvest is apparently because of a greater
dry matter content of the latter, The longer days and warmer soil tem-
peratures that prevailed during the growth period of the plants of the
second mrvest should have resulted in a greater photosynthetic pro-

duction of carbohydrates and consequently a greater amount of dry matter.

Feijoa and Ligustrum plants

The data means for the effect of the muleh/fertilizer nitrogen
treatments on growth characteristics of the two woody shrubs are pre-
sented in Appendix Table L1 for root weight of each of the shrubs and

in Table 43 for linear shoot growth of the Feijoa plants,

Root weight

The overall differences in the root weight samples of each of the
two woody shrubs are shown in Table L2, These data have not had the usual
statistical analysis and so the following narrative concerning them is
conservative in identifying any differences.

Between mulch treatments it appears that in the top 1- to 3-
inch part of the soil profile the amount of roots of each shrub was
greatest with mulching compared with no mleching; also that between the
two mulches the root weight was greatest with woodchips., With the
Ligustrum, a similar pattern but of greater magnitude was found in the
3- to 6~-inch part of the soil profile while in the 6- to 9~inch part,
root weight was greater with woodchips mulch but not with woodshavings,
With the Feijoa, the amount of roots at the 3- to 6~inch depth was

similar with all three mulch treatments; at the 6- to 9-inch depth, root
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weight in the unsulched and the wodchips-mulched plants was similar
and greater than in woodshavings-mulched plants,

Between the different levels of the soil profile, with no mulch
root weight of each of the shrubs was about one-half as much at the l-
to 3-inch depth as at either the 3~ to 6-inch and the 6~ to 9-inch
depths. Root weight of the woodshavings- and woodchips-milched Feijoa
plants was less with increased soil depth. Root weight of the wood-
shavings and the wood-chips mulched Ligustrum was greatest at the 3~ to
6=inch depth and similar at the 1- to 3-inch and 6~ to 9-inch parts of
the soil profile.
TABLE L2.--Effect of the mulch treatments on the root weight of each of

the two woody shrubs at each of three sampling depths (Data are those
with an "acd" superscript of Appendix Table L1)1

Root weight, grams per plant sample, for the
Mulch indicated sampling depth
treatment Feijoa, ¢

1 Ligustrum, €y

1-3%,d) 3-6%d, 6-9%,d;  1-3,d) 3-6%,d, 6-9",d,

No mlCh, ‘»1 039 o6h .63 .38 06’4 .86
Woodshavings, &, 53 53 32 75 1.75 72
Woodchips N 33 o?h .55 057 1.01 1.62 1.56

1 Replications averaged--no statistical analysis made,

Between the two plants the root weight of the Feijoa was con-
siderably less than that of the Ligustrum, especially at the 3- to 6-inch
80il depth.
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Linear shoot growth of the
Feijoa plants

There was about LO percent more linear shoot growth for the
plants mulched with either woodshavings or woodchips than for the un-
mulched plants (Table 43), Visual observations indicated that the greater
linear shoot growth under the foregoing conditions was a result of longer
internodes rather than more of them, With mulching the plants were less
compact, which, from an aesthetic standpoint, made them less effective
ag shrub material in the usual landscape situation,
TABLE 43,—~Effect of the mulch treatments and the fertilizer treatments

on the linear shoot growth of the Feijoa plants 18 months after growing
under the treatment ferentials

FI

Linear shoot growth, inches per plant, for the

Mulch indicated fertilizer rate
treatment
0 1be, by  11lbs, by 2 1by, by Mean
No mulch, &, L77 475 595 516
Woodshavings, a, 592 880 996 824
Woodehips, a, 700 91l 967 860
Mean 590 756 853

ISD: 5%, 1565 1%, 206

Such "“openness of growth™" as a result of the mulches was not viswally
apparent far the Ligusirum plants,

With increased fertilizer rates there was a corresponding in-
crease in the linear shoot growth of the Feijoa plants mulched with

either woodshavings or woodchips but not for the unmulched plants,

Discussion

Comparable effects of the mulch/fertilizer treatments were

generally found for each of the growth characteristics studieds In
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some cases, the effects were the same with all four of the indicator
plants, in other cases they were diametrically different between the
herbaceous chrysanthemum plants and the woody shrubs, The more pro-
nounced of these relationships will be discussed below,

There was conclusive evidence that growth was less for the
mulched chrysanthemum plants and more for the mulched woody shrubs, com-
pared with that for the unmulched ones, With the chrysanthemum plants,
the number of stems, the size, and the weight of each plant was less
with either of the mulches compared with the no-mulch treatment. The
magnitude of difference was usually greatest, however, with the wood-
shavings mmlch, In contrast, the root welght of both of the woody
shrubs and the linear shoot growth of the Feijoa was more with either
of the mulches,

As was pointed out in the review of literature, several workers
have reported smaller ylelds for herbaceous plants such as com (35, Lk,
50, Sk, 61, 76) and other crops (kLL, Sk), with the application of fresh
plant residue mmlches, Conversely, & few workers have repbrted the
enhancement of either the yield or vegetative growth with mulches (37,
hli, k7, 85)e Lunt (Lk) concluded in principle that the growth of plants
the first and sometimes the second year after applications of & wood-
chips mulch was less because of a tieup of nitrogen during the initial
period of organic matter decomposition and that succeeding years there=
after, with no additional woodehips, the long-term effect of the smlching
Was an enhancement of plant growth, This 18 because after a short period
of initial decomposition of the mulch, more nitrogen is released than is
utilized by the decomposing microorganisms, In this study, the less
growth of the mulched chrysanthemum plants the first year after appli-

cation of the mulches and the greater growth of the mulched shrubs in
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succeeding years, in comparison with the unmulched plants, supports

a portion of lunt's aforementioned conclusion. In essence the benefits
of mulching are primarily manifested in those plants that can be growm
under a mulch regime for periods longer than the first year after mulch
application, i.e. perennial woody plants,

But the results of this study do not support lunt's conclusion
and that of other workers (46, 57), too, that the effects of mulches on
plant growth are primarily nitrogen-related. For, while growth of the
mulched shrubs was greater than the unmulched shrubs, foliar nitrogen
was consistently and substantially lower in the woodshavings-mulched
shrubs than in the unmulched shrubs. In the woodchips-mulched shrubs
it was virtually the same as in the unmlched ones, Yet, those shrubs
mulched with either of the mulches had comparable and more growth than
the unmulched ones,

With the chrysanthemum plants, there was less foliar nitrogen
and also less growth on the May sampling date with either mulch than
without mulch., However, this cannot be attributed to a shortage of
nitrogen since in both clones an increase in fertilizer nitrogen had
no effect on the amount of foliar nitrogen nor on any of the growth
characteristics. The differential amount of foliar nitrogen and growth
characteristics, therefore, must have been due to some physical aspect
of the environment, As shoun in the review of literature, corn yields
were found to be much smaller under decomposable mulch tillage than under
& cultural practice where the organic material had been incorporated
into the soil. The workers attributed this to lower soil temperatures
under the mulch (see page 4). In the present study, the temperature
differentials between the milched and the unmulched soil do not seem to

have been great enough to entirely account for such a large growth
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differential as occurred in the chrysanthemum plants (Table 8) for the

May sampling. An accompanying cause may have been a lower oxygen supply
corresponding to the greater amount of moisture in the mmlched soil, If
oxygen had been limiting, respiration would have been checked in which
case cell membranes would have been less permeable (L8, p. 2Lli). As &
consequence there would have been less absorption of water and less
accumlation of electrolytes in the root cells (L8, p. 637)« The net
results should have been less growth of the chrysanthemum plants.

It seems probable that the 2~pound rate of fertilizer had
deleterious effects in some cases, The stem number, the size, and the
weight of both chrysanthemum clones and the root weight of both shrubs
was usually less while foliar nitrogen was usually highest in the w-
malched plants fertilized with the 2-pound compared with the l-pound rate
of fertilizer and occasionally in the woodchips-mulched plants that were
fertilized likewise, Ordinarily, two pounds of fertilizer nitrogen
should not be too much to apply with the quantity of mulches used in
this study. Howewver, it is well to remember that at the begimning of the
study and for sewveral months thereafter, there was an unusually large
amount of nitrate nitrogen in the soll. With the addition of the 2-pound
rate of ferullizer nitrogen, it is reasonable that the amount accumlat-
ing within the plants was a deterent to maximum plant growth. If so, the
he5h and 4,00 percent foliar nitrogen in the unmulched July-sampled
'Arlora' and 'Chris Columbus' chrysanthemum plants respectively that had
been ireated with the 2-pound rate of fertilizer would be in the excess
concentration range. Henley (28) reported no adverse effects on chrys=-
anthemum plants in which the foliar nitrogen was as high as 5,05 percent,
However, these were L-week=old plants, He found that the foliar nitro-

gen concentration of aimilarly grown 1l-week-old plamts was 3.9l percent,
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The latter plants were of comparable age to those sampled in the
present study.

As noted in the discussion on feliar phosphorus, the amount of
that element in the woodchips-mulched and the unmulched plants was
virtually the same, especially with no fertilizer, whereas with the wood-
shavings=-mlched plants there was usually less foliar phosphorus with
increased rates of the fertilizer., If the lesser amount of foliar phos=
phorus in the plants supplied with the higher rates of fertilizer were
due to a dilution effect then the growth of the plants should have been
correspondingly more with the more nitrogen/less foliar phosphorus re-
lationship. As such, the growth of the plants should have been com-
parable and more with the no-mulch and the woodchips treatments than
with the woodshavings mulch treatment. However, thai was not the case,
Instead, the greatest amount of shoot growth was found in the woodchips-
and the woodshavings-mulched plants; the least in the unmulched plants,
These comparisons are shown in Table Lh. It seems reasonable to conclude,
therefore, that the pattern of the foliar phosphorus being highest when
the foliar nitrogen was lowest was not a dilution effect but rather an
antagonistic effect.

TABLE llj,~~-Effects of the mulch treatments on foliar nitrogen, foliar

phosphorus, and linear shoot growth of the Feijoa plants (data are from
Appendix Tables 9 and 13 and Table L3, respectively)

Mulch Follar Foliar Shoot
treatment nitrogen phosphorus growth
Eercen‘b Eercent centimeters
No mulch 1.79 163 515
Woodshavings 1,50 217 824

Woodchips 1.77 170 860
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In the discussion concerning foliar calcium and magnesium, it
was suggested that the reason the concentration of these two nutrient
elements was lower in the mulched than in the unmulched plants may have
been due in part to the root distribution pattern in the soil profile,
This premise was based on the consideration that while the roots of the
unmulched plants were probably distributed more or less evenly through-
out the soil profile to a reasonable depth, those of the mulched plants
must have been concentrated near the soil surface in that part of the
501] profile having the least amounts of available calcium and magnesium,
Such a8 root distribution pattern was, in fact, found with each of the
woody shrubs., It is surprising that this concept has received so little
attention in the literature, since it reconciles the findings that
mulching enhances the availability of calcium and magnesium (37, L7, 58,
80) with the findings of lower concentrations of these two nutrients in

mulched than in unmulched plants (26, 58, 80).

General Discussion

This portion of the dissertation is supplementary to the dis=-
cussion presented in each of the various subparts., It concerns results
within those subparts that are most meaningful when related to one anoth-
er and which, consequently, were not presented in previous discussion,

No consistent relationship was found between the amount of the
various mutrients in the soil and their concentration in the indicator
plants, While total nitrogen of the s0il was highest for the woodchips
treatment over that for the no-mulch and the woodshavings treatments,
foliar nitrogen of the indicator plants was highest in the unmulched
and the woodchips-mulched plants and lowest in the woodshavings-mulched

ones, In the two woody shrubs, the amount of foliar phosphorus was
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about 40 percent more for the woodshavings treatment over that in either
the no-mulch or the woodchips treatments while the amount of soil phos-
phorus was much the less for the woodshavings treatment compared with the
other treatments., The pattern of these data suggests that the soil
phosphorus might have been lowest for the woodshavings treatment due to
more phosphorus being absorbed into the woodshavings-mulched plants. The
same line of reasoning cannot be followed for potassium, however, since
the amount of that mutrient element in both the so0il and the foliage of
the indicator plants was usually correspondingly lowest for the wood=
shavings treatment, It is apparent from these data that it would be un=
wise to speculate about the adequacy of the aforementioned rmutrients on
the basis of their amount in the soil,

Noteworthy about the foliar nutrient concentrations was the con=
stancy of difference between the herbaceous and the woody plants,
Typical of this was the gross average foliar nitrogen of 3.55 percent
for the chrysanthemum clones opposed to 1,69 percent for the woody
shrubs, Actually, variation in the concentration of a foliar nutrient
between different kinds of plants is well known even between clones of
the same plant species (20, 29, 30, 55, 62, 8L), Of the two chrysan=~
themum clones used in this study, the foliar concentration of nitrogen,
potassium, and sodium was highest in the 'Arlora' clone for both sam-
plings; that for phosphorus, magnesium, and manganese was highest in
the 'Arlora' clone for the May sampling only and in the !Chris Columbus!
clone for the July sampling., Parenthetically, even though plant clones
are ordinarily selected because of some unique morphological charactere
istic, it is apparent from these results that clones of a single plant
species may have physiological differences, too. For this reason, the

results of a physiological study of one clone of a plant speciles may
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net be applicable to other clones of that species as Howlett (30) found
with certain vegetable crops.

Despite any clonal differences in foliar nutrient concentration,
wherever a treatment caused a lower concentration of foliar nitrogen in
the chrysanthemum plants, any change in the amount of the various other
foltar nutrients was comparable for both clones as denoted schematically
in Appendix Table L7.

Another point of interest, shown in Appendix Table 47, is that
with a diminution in the concentration of foliar nitrogen, the change
in the amount of foliar phosphorus and foliar potassium was usually
downward for the chrysanthemum clones and upward for the woody shrubs,
For the other nutrients studied, the direction of change was comparable
in all of the indicator plants,



SUMMARY AND CONCLUSIONS

Field investigations were conducted to eluncidate the effects of
two wood fragment mulches and fertilizer nitrogen on the concentration
of plant nutrients and the amount of wvegetative growth of four kinds
of indicator plants. Woodshavings of douglas-fir wood and woodchips of

prunings of primarily Eucalyptus camaldulensis were employed as the

milches, The fertilizer nitrogen was calcium nitrate, The indicator

plants were two clones of Chrysanthemum morifolium and two woody

shrubs, namely Feijoa sellowiana and Ligustrum japonicum. Quantitative

data were obtained by chemical analyses of the soil and plant properties
and by physical measurements of the plants, The principal findings from
the investigations are enumerated below., Unless otherwlise indicated,
the results described are those obtained about two years after treat-
ment application, Also, any reference to the woodshavings melch treat-
ment or the woodchips mulch treatment or to & certain fertilizer nitro=-
gen treatment implies a comparison with the no-mulch or the no-ferti-
lizer nitrogen treatment, whichever the case may be,

l. Either mulch resulted in sufficient insulation to maintain
the soil considerably cooler in the summer and to greatly reduce moisture
loss by evaporation,

2, Malching appeared to have had little acldifying effect on
soil reaction. The principal change in the soil pH was to & more alka-
line condition of the unmulched soil only. This is attributed to

more cation accumulation in that soil than in the mulched soils,

98
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3. Mulching also affected other soll properties in much the
same manner &8 previous studies have shown. Soil organic matter was
slightly higher in the woodchips-mulched soil after two years but not
in either the woodshavings-mulched soil or the unmulched soil, This
differential between the two mulched soils apparently was because the
woodchips mulch underwent decomposition so much faster than did the
woodshavings mulch. Total nitrogen of the soil was unchanged with
woodchips; substantially less with the woodshavings and no-mmlch treat-
ments, Soil phosphorus was more with woodchips, less with woodshavings,
and unchanged with no mulch. Available potassium was unchanged with
woodchips and lower with the other two treatments.

e Foliar nitrogen was often lower with mulching especially
with the woodshavings mulch and sometimes, though not always, this con-
dition was averted with fertilizer nitrogen. On one sampling date,
that in July 1960, the amount of foliar nitrogen in either chrysanthe-
mum clone varied directly with the fertilizer nitrogen rate, However,
the magnitude of increase with increased fertilizer nitrogen was
greatest with the woodshavings treatment. On an earlier sampling date
in 1960, that in May, the amount of foliar nitrogen did not vary between
fertilizer nitrogen levels, In both of the woody shrubs, foliar nitro-
gen was consistentl]ly lower on all three sampling dates when mulched with
woodshavings; in the woodchips-mulched ones it was the same as in the un-
mulched ones, With increased levels of fertilizer nitrogen, there was
correspondingly more foliar nitrogen in each of the woody shrubs in
October, 1960, This pattern ebbed in the Ligustrum in June and July,
1961, while in the Feijoa it was totally absent.

5« Foliar phosphorus was affected differently in the two chrys=

anthemum clones, For the May 1960 sampling of the 'Arlora' clone, it
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was lower with woodshavings mulch and unchanged with woodchips. Simi-
larily, in July, foliar phosphorus trended higher with woodshavings and
was, indeed, higher with woodchips. In the *Chris Columbus' clone it
was higher with woodshavings and higher still with the woodchips in both
May and July 1960, With increased fertilizer nitrogen rates, the amount
of foliar phosphorus of the chrysanthesum plants was unchanged. In
October 1960 and June and July 1961 the amount of foliar phosphorus of
each woody shrub was virtually the same with the no-mulch and the wood-
chips., In comparison with these, it was markedly more with woodshavings.
With increased rates of fertilizer nitrogen, foliar phosphorus in the
Feijoa and Ligustrum shrubs was correspondingly less, In the woody
shrubs it was practically the same on all three sampling dates. Vir=-
tually the same amount was found in each of the two woody shrubs,

6. The amount of foliar potassium was generslly less with
mulching but this pattern was sometimes lacking with the application
of fertilizer nitrogen, ¥Foliar potassium of the unmulched and the
wood-chips-mulched plants was of comparable valne in both clones for
the May and July 1960 samplings. With the woodshavings-mulch treate~
ment, it was less in the 'Arlora! clone only for the July sampling and
in the 'Chris Columbus! clone for both the May and July samplings, With
increased rates of fertilizer nitrogen, the amount of follar potassium
was unchanged for the May 1960 sampling but was correspondingly greater
two months later in July. With the woody shrubs, the greatest amount
of foliar potassium was found in the unfertilized woodshavings-mulched
plants, This pattern prevailed in both shrubs and in both the May and
July samplings, Otherwise there was no definite pattern in the amount
of foliar potassium in relation to the mulch/fertilizer nitrogen treat-

ments for the woody shrubs,
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7. little difference was found for the foliar sodium between
the mulch and fertilizer treatments. In the chrysanthemum clones it
was only slightly if at all different between the mulch treatments;
with increased rates of fertilizer nitrogen it trended lower, With the
two woody shrubs, the amount of foliar sodium was constant between
mulch treatments for the samplings in June and July 1961, while for the
October 1960 sampling it was less for the mulched plants than for the
unmulched ones,

8. Foliar calcium was lower in all four indicator plants when
mulched with either the woodshavings or the woodchips., With the woody
shrubs, however, the magnitude of difference was greatest between the
woodshavings-muiched plants and the unmlched ones., With increased
rates of fertilizer nitrogen there was & corresponding increase in
foliar calcium of the two woody shrubs.

9. A8 with foliar calcium, foliar magnesium was markedly lower
in all four indicator plants with mulching. Only in the woodshavings-
mulched Ligustrum was it lower than in the unmulched plants and this
only for the June and July 1961 samplings. Increased rates of ferti-
lizer nitrogen had no effect on the amount of foliar msgnesium.

10, Foliar manganese trended lower in the mulched chrysanthemum
plants. With increased fertilizer nitrogen, there was a corresponding
increase of it in the chrysanthemum clones for the July but not for the
May sampling., The principal difference in this mtrient element in the
two woody shrubs was the substantially lower amount in the woodchips-~
mulched Ligustrum plants compared with that in the unmulched ones,
Foliar manganese was about 3 times less in the Feijoa than in the

Ligustrum planis,.
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11, A description of the general pattern of the change of
various nutrient elements in the foliage of the indicator plants with
a diminutive change in foliar nitrogen follows.

a, Phosphorus, In both chrysanthemum clones, phosphorus was
either lower or it trended lower with the mulch treatments; was unchanged
with the fertilizer treatments, In the Feijoa and Ligustrum the phos-
phorus was either higher or of a higher trend with the mulch treatments
and generally unchanged with the fertilizer treatments,

b, Potassium. The foliar potassium followed a pattern similar
to that of phosphorus but by a greater magnitude of difference, With
the chrysanthemm clones 1t was generally lower with both mulch and
fertilizer nitrogen treatment factors on the July 1960 sampling date,
but unchanged on the May 1960 sampling. With Feijoa and Ligustrum
there was a definite increase in foliar potassium with a diminutive
change in foliar nitrogen,

ce Sodium, With only two exceptions, foliar sodium was un-
changed with any diminutive change in foliar nitrogen,

de Calcium, In about half of the cases where foliar nitrogen
was lower so also was foliar calcium, Otherwise foliar calcium was un-
changed regardless of a diminutive change in foliar nitrogen.

e. Magnesium. Foliar magnesium was usually lower anytime the
foliar nitrogen was lower,

f. Manganese, Occasionally foliar manganese was lower but
usually it was unchanged whenever the foliar nitrogen was lower,

12, Linear shoot growth of the chrysanthemum plants was adverse-—
1y affected by mulchingsy that of the woody shrubs was apparently enhanced.
There was far fewer stems per plant in the mulched chrysanthemum plants,

By April 1960 spring regrowth of the unmulched ones was practically
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maximal whereas the mulched ones were about four times smaller, The
stem weight of the woodshavings-mulched ones, when harvested in May
and again in July 1960, was as much as three times lipghter than the
unmilched ones, Those harvested in July 1960 were heaviest where they
were either unmulched or else mmlched with woodchips and fertilized
with one pound of nitrogen, The lack of similar weight increase for
the ummulched and the woodchips-mulched plants fertilized with two
pounds of nitrogen is attributed to incipient toxicity resulting from
excess nitrogen,

13, The growth of the roots of the woody shrubs, particularly
their distribution in the soil profile, was apparently affected by the
mulch treatments, LKRoots of the mulched shrubs were concentrated in
the top 1- to 3-inch portion of the soil profile; those of the unmulched
shrubs were more evenly distributed throughout the soil profile to a
more conventional depth. Gross weight of the Feijoa roots was un-
affected by the mulch treatments; that of the Ligustrum roots was sub-
stantially heavier with mlching,

1, In conclusion, under the conditions of this study, the
overall results indicate that the kind of decomposable organic material
used for mulching has a pronounced effect on the concentration of at
least some of the nutrient elements in plants., For instance, on many
of the sampling dates, foliar nitrogen was considerably less with the
woodshavings than with the no-mulch treatment, On the other hand,
with woodchips, which contained much more nitrogen than did the wood-
shavings, foliar nitrogen was often comparable to that found in the
unmulched planis, The status of foliar nitrogen of the indicator

plants was sometimes improved with the application of fertilizer
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nitrogen. But in final analysis, in terms of maximum growth, mulching
had an adverse effect on the chrysanthemum plants and a beneficial
effect on the woody shrubs., Also, the benefit of using fertilizer

nitrogen with either of the mlches was not demonstrated,
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APPENDIX TABLE 1

A representative split-split-plot analysis of varlance table, thls for
the amount of nitrogen, percentage dry welght basis, in the foliage of
two plant taxa, C (Chrysanthemum 'Arlora! and Chrysanthermm !'Chris
Columbus'), on two dates, D (May'2 and July 2, 1960) due to factorial
treatments of three levels of mulch, A (none, woodshavings, and wood-
chips), and three levels of fertilizer, B (0, 1, and 2 pounds of ele-
mental nitrogen, derived from calcium nitrate, per 1000 square feet).

r———

e a——

Mean
Sources ar square F F.95 F.99
(whole-unit ansalysis)
Replicates, R 5 <051 <1 2.145 3.51
Cultural treatm'ts,{CT) (8) - —-— —— —
Mulches, A 2 £.628 36,08 3,23 5.18
Fertilizers, B 2 2,506 1613 3,23 5.18
Error (a) L0 .156 —— - —
Whole-unit total 53 — - ——— -
(subeunit analysis)
Plants, C 1 8 .272 86 o L7308t ,-l 006 7 026
(cT)C (8) ——— - - -
AC 2 1.761 183l 3.2 5e13
BC 2 0.023 <1 3.21 Sel3
Error (b) L5 0.096 —-— ——— —
Sub-unit total sk —— —-— —-— —-—
(sub-sub-unit analysis)
Sampling dates, D 1 15.770 hhi.Bl** 3.95 6.93
(C’rrﬂs’n (8) -— —- ——- -—=
AD 2 3.062 29,73 3,10 1487
BD ' 2 2.036 19,774 3,10 L.57
ABD L .302 2.93%  2.L8 3.56
Ch 1 o471 LS5 3495 6.53
{CT)CD 8 —— - - -
ACD 2 578 6,583 3,10 L.87
BCD 2 0L0 <L 3.10 L.87
ABCD L »065 <} 2.18 3.56
Error (ec) 90 «103 - -— -
Sub-gub-unit total 108 —_— — —— ——

Grand total 215 -

# and ¢ Indicate significance at the 5 and 1 percent levels

respectively.
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APPENDIX TABLE 2

‘Analyses, of variance mean squares for the effect of the mulch and fertilizer factorial “treatments
on soil propertiesl

Source of Degrees ' ‘ Mean square
Variation of Nitrate Total Phosphate Exchangeable
Freecdom 'I‘emperata.xre2 Moisture " pH Organic matter nitrogen nitrogen phosphorus potassium
Replicates 5 hp 5,71 ,09 65 L0203  ,O1 60.95 2251
Treatments
Mulch (A) 2 181.15%#  L0O,63%# 76 1,18 186696 13 [Sh.A3xE 25,81k
Fertilizer (B) 2 0.08 15,16 ,10 .02 119163 00 39.93 93953
AxB h 1.12 9.06 07 o1l 53127 01 37.711 2386
Error (a) Lo 1.52 9.7 .05 .30 76070 o01 L1 .68 2619
Measuring
date (C) 2 9762,79%#
BxC ll 065
AxBxC 8 1,05
Error (b) 90 1,31

L

1 Symbols & and 3 indicate significance at 5 and 1 percent levels, respectively, Significance
of each was determined by calculating the F-value (the treatment datum divided by the appropriate error
datun) and comparing it with the tabular ¥F-value., The F-values needed for significance are shoun below:

——
—— .

Numerator {treatment) df/Denominator (error) df

Probability of a larger F-value 2/1,0 /Lo 2/90 11/90 8/90
005 3.23 2!61 3-11 2.h9 2|06
L0l 5:18 3;85 ll-88 3056 2073

2 Factor € and all interactions containing it were analyzed as a sub-unit,



APPENDIX TABLE 3

Soil temperature at a depth of 20 centimeters on three dates, C (August

16, 1960, March 21, 1961, and May 27, 1961) due to factorial treatments

of three levels of mulch, A(none, woodshavings, and woodchips) and three
~ levels of fertilizer, B(O, 1, ana 2 1b. of elemental nitrogen from cal-

' cium nitrate per 1000 square Teet) 12

s
v

Cultural treatment So0il temperature, degrees F, for the

A+B indicated recording date C
Mulch, Fertilizer, 2/16/60 3/21/61 5/27/61 (cy+egtes)/3
A B ¢y co Cq

Of CaNoy, by  83.273P¢  19,7830c  65.728%¢ 66,26 2P
None 1# CaNo3, by  83.11%P¢  1,9,668Pc  66.673P¢ 66,18 2P
a, 24 CaNO3, by  83.50%C L, ll3be  65.838bC 6626 2D
(by+ bot b3)/3 83.29 3¢ 19.63 3¢ 66,07 2° 66,33 *®
Of CaNog, by  7h.28%PC  50,88%C -6),,613°C 63,25 2P
oode 14 CaNog, b, TL.273PC  50.88%P¢  6),.,172°¢ 63,11 %P
shavings, 2# CaNOB, b3 73.33%P¢  50,838Pc  ¢),383P¢ 42,85 8D
2y (by# byt by)/3 73.96 3¢ 50.87 3¢ 6L.38 3¢ 63.07
Off CaNO3, by  75,1130¢  50,833DC  43,803b¢ 43,28 3P
: abe abe abe &2 .08 @b
3 (b1+ boe b3)/3 7L.,69 &C 50.85 &c¢ bly,22 #C 63,26 &
O# CaNog, by  77.75 ¢ 50,50 P 6.7k PC 626 P

14 CaNO,, b,  77.09 P¢ 50,47 P¢ 65,00 PC 61,19
(a14a2+a3)/3 372 b L b b b

2ff CaNO3, by 77,30 °¢ 50,37 °¢  6h.oL P¢  6lL.20

(bl'.' b2+ b3)/3 77031 ¢ SO-hS ¢ 61—1089 c 6’4-22

1 Superscripts indicates which factors are averapged at a single
level; other factors being averaged over all lewvels,

2 Fach value is a mean of six replications multiplied by the re-
spective level of each factor not shown as a superscript, e.g. a va&lue
with a superscript of "ac" is a mean of 18 obscrvation (6 replications

x 3 levels of factor B).
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APPENDIX TABLE L

Standard error of difference (S3) and least significant difference (ISD) for the data of Appéndix Table 3

—_— = e
Ttemt Difference between Measured as 53 Mode1? S4 (I)'SS D 5
a  Different a 3, -a, [ 2E./x8b 237 W50 L6k
b Different b by ~bg ENTH T.231 .50 Wk
c Different o ¢y ~q Wﬂ\_ .221 LS 60
ab Same a, different b ay by -3y b0

B Nteimnmmp oaw o on oo o sse i
ac  Same a, different ¢ a, ¢y -2y ¢, 2Eb/r b .382 .78 1,03
2 Ditferent &) same o al ot 00 [2[eum, vE /A WL LB2 2,06
bc  Same b, different ¢ by ¢y -b; ¢, 2Eb/r a . «382 .78 1,03
be Different b, sane ¢ bl ¢y --b0 21 |

be Dif_fcrent. b, diffcrent ¢ by ¢] -bg €5 ‘/ 2 Eﬁ -l)Eb+EJ/rﬁa .91 82 1,06
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Standard error of difference (53) and least significant difference (LSD) for the

APPENDIX TABLE L (Contimued)

data of Appendix Table 3

Item!  Difference between Measured as S4 Mode1? Sq L3SD
.05 .01

abc  Same a, same b, different ¢ a) by ¢; =3y by ey 661 1.36 1,78

Same a, different b, same ¢ 31 by ey =agbyecy

Different a, same b, same ¢ a; by ¢ = a5 by ¢y

Diff a, diff b, same ¢ a, bye, ~a,b ¢ -

Same a, diff b, diff c al bl ¢l - ad b) cp

Diff a, same b, diff ¢ 2y by e; = 3agby ¢y _

Diff a, diff b, diff ¢ agbycy ~3agbycy | 2[(B-LE, +E]/r8 678 12 1,83

r = 6 = replications; a = 3 = levels of factor Aj b = 3 = levels of factor B;

A x levels of factor By = 3 = levels of factor C,

1 Factors averaged

2 -
E, and Eb = 1,52

at single levels;

and 1,31, resp. =

the others over all levels,

error {residual) in whole-unit and sub-unit analyses, resp.;
= 9 = levels of factor
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APPENDIX TABLE 5

Analyses of variance (on a sub-sub-unit basis) mean squares for the effect of mulch and fertilizer AC-
torial treatments on different nutrients in the two chrysanthemum clones on two sampling dates,

Mean square for indicated nutrient

Source of af :

variation N pe K Na? cal Mg2 Mn
Replicates 5 .05 2,80 1l . 395 12,7+ 1.34 137.99
Treatments:

Mulches (A) 2 G.638% 27,83 1,52+ 07 1.8 202,588 572, 22u%

Fertilizers (B) 2 2,52zt 55 o 190t .23 1.6 1,09 988, Gl

AxB L 032 .12 12 o 39% 2.9 2425 5;.99
Error (a) Lo .16 .39 .15 .13 2,0 1.94 168.91

Plants (C) 1 84274 336 LS, 09 3,21 3.9 2,14 1,530,67x%

AxC 2 L T6x%  15,58% 23 09 2. 8.13 35.19

B xC 2 .02 33 Ol .08 2.9 67 150.81

AxBx¢C L .08 .32 .10 06 2,2 3l 19,39
Error (b) 4 .10 .57 15 .06 1.2 .99 75.02

$32§%228(D) 1 o 7T 268, hlxse 116, 11xse 53,934 1062,033 328,22w% 12,225,113

AxD 2 3,065 3, 703 o2l .18 58,253 3.28 183,80
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APPENDIX TABLE 5 {continued)

Analyses of vdriance {on a sub-sub~unit basis) mean squares for the effect of mulch and fertilizer {ac-
torial treatments on different nutrients in the two chrysanthemum clones on two sampling dates,

o e ot o n i = i o e Lo e i S | i AN T it 8 A e e e ] e i AL T AP P i e L e e e e A =

Mean square for indicated nutrient

R e e e W,

Source of ar
variation N pe K Nal Caf Mg? Mn
BxD 2 2, 0Lz «20 .81 .23 2.9 3.30 816,78
AxBxD L o308 33 .07 Ai3 3.2 2,58 9h.73
CxD 1 A7e 52,528 12,79%  L9Te 1,8 15,000 3,227,89w
AxCxD 2 L 1,04 LSl 0L 1.9 3.88 8.80
BxCxD 2 .l .05 .05 .10 1.1 7 23,81
AxBxCxD L .07 35 .15 .10 0.7 1.07 éh,53
Error (c) 90 .10 57 .16 .10 1. 1.h0 90.58
TOTAL 215 51 2,56 1,12 39 2,6 5.05 197.40

1 Bach datum is a mean square from the appropriate analysis of variance table, Symbols # and ##
indicate significance at the 5 and 1 percent lewvels, respectively,
by calculating the F-ratio (treatment datum divided by appropriate error datum) and comparing it with

the tabular F-value, F-ratios needed for significance are shown below,

Significence of each was determined

Probabllity of a Numerator df (treatment)/denominator df (error)

larger F-value 7/T0 T.7T0 705 25 L/LS 1790 2/90 1790
005 3-?3 2,01 14,06 3021 2.59 3095_ 3.10 2-]15
.0l 5.18 3,35 7.26 £.13 3.80 6,93 k.87 3.56

¢ Actual value is the datum multiplied by 10~3.
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APPENDIX TABLE 6

Analyses of variance {on a sub-sub-unit basis) mean squares for the effect of mulch and fertilizer fac~
torial treatments on the amount of different nutrients in the two woody shrubs on three sampling dates.

Source of ar Mean square for indicated nutrient
variation ) 2 2 2
N P K Na Ca Mg Mn
Replicates S .06 15.46 o123 1,3# 73.6% 6.98 6773
Treatments:
Mulches (A) 2 2,75 88,78 + 565t b B 346, 1 1778 9l 1%
Fertilizers (B) 2 o634 32 0324t o O Tt 09 153,53 11,973 886
AxB L .08 33,65 o153 .26 3.8 5433 6137
Error (a) Lo 03 L.56 .02 .5k 29,8 2,18 272l
Plants (C) 1 by o338 .08 2Lu 128,92¢  1L5,3%# 21,8l 17,5564
AxC 2 .00 3.13 WO 1.03 h3.1 20 L7 oh73
BxC 2 o283 S.hl o1 licit «26 LS. 15,903 5930
AxBxC L Ol 5.2l .C0 2,36 Llia7 1.29 1718
Error (b) 15 .05 4.88 02 .Sl 27.9 3.98 2893
Sampling .
dzates (D) 2 by, 8633 80 by o 15t 61,125  L052,03#  346,86¢% 11k, 550
AxD I L0943 19,953 o 1633 1,804 21.8 1.04 18,2515
BxD L o134 3.30 02 25 7.5 2,11 5310
AxBxD 8 .07 6.1, JO3# N 23,2 1.27 3021
CxD 2 2 963t 55 o 7253t 60,105 1055, 8¢ 33,82+%+ 61., 609+
AxCxD L o130 6,92 SOl 1,22% 22,2 3.,9L% i, 1kk
BxCxD !-l .OZ 5009 01 035 1002 3.21 2373
AxBxCxD 8 007*" 2031 002 050 2608 2021 36013
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APPENDIX TABIE 6 (continued)

Analyses of vé}iance (on a sub-sub-unit basis) mean squares for the effect of mulch and fertilizer fac-l
torial treatments on the amount of different nutrients in the two woody shrubs on three sampling dates,

Source of ar Mean square for indicated nutrient
Variation . ) > ;
N P2 K Na Ca Mg Mn
Error (c) 180 .03 h.21 .02 L6 17.3 1,18 2280
TOTAL 323

1 The gymbols # and ¥# indicate significance at the 5 and 1 percent levels respectively, The
significance of each was determined by calculating the F-ratio (the treatment datum divided by tMe
appropriate error datum) and comparing it with the tsbular F-value, F-ratios needed for significance
are shown below,

[ ———

Probability of a  Mumerator (treatment) df/ Denominator (error) df
larger F value  2/10 L/L0 1/1i5 2/L5 L/L5 2/180 /180 8/180

.05 3.23 2,61 1406 3,21 2,59 3.00 2,37 1.94
01 5,18 3.85 7.26 5.13 3.80 6L 3.32 2.51

2 petnal value is the datum x 1073,
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APPENDIX TABIE 7

e
ab

an

Nitrogen, percentage dry weight basls, in the fellags of two plant taxa, C (Chrysinthenun 'arlorst and Quysantheng *Chris Soluwdus'), on two dates, J {“1y 2 and )
and July ., 19u0), due to facterial trottnents of thras lavels of =ulch, A (nene, woodshaviags, and "odchipa), and thres levels of fartilizer, 3 {0, 1, =nd 2 1b. of clciun nitrite por 1060 sq. rt.}l‘e
. P 1 ) n t t a x a, c
Cultural treatent, A£B ’
pitural trestoen Chrysanthemm 'Arlera), ¢y Chryzanthemum 'Chris Columbus, & {ey Fep)f2 (d) £ d5)/2
. 3 a»p3liilng 4dat e D S a'apliineg d a t s, D L
wleh, 4 Fertilizer, B s —
Maleh, ertilizer 5269, & 7-2460, dy (a4 )/ 5-2-60, ¢ 1-260, dp {4y /4 d,)/2 €.2.69, 8y 7-260, 8
e -bl = m - abed | T T s abed abed abe abd . abd
a -
2 13099 4 had? 1 ha08 o 300 1 3.5h 13,32 ) 3.55 13,86 | 3,70
R & a al a
#ca
wesw | 3,98 L ka3l et 130 13,62 13,36 3a5h | 3497 3,75
a ate a e a abd ab
None, 24 cait
metn L B LR L haSh L ha33 0 1342k [ NG00 13462 | 3.7 _ L ha27 1 3.97 |
acd acd ac aed acd ac ad r ad a

(b, £ by # b3)/3

Woodshavings, &z

oF CﬂOJ, by

hao2

abe

2.63 _

14 Calcy, W

2_.83 abed

24 Ca¥y, by
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12,50 °

abed

sed

2 .'654’:&:&
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——
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APPENDIX TABLE R
Standard Error of Differences (Sa) and least 3ignificant Differences (1SD)
for the data of Appendix Table 7.

v T
T[ . | L I D
Iteml | Difference bstuwsen: Haasared as: 55 Mode1? ; a3 T0s [ N3
a Hiferent u Ay L f?i:,,/r,d‘fb 406%8 -l'i ‘ .18
b Mrferent b bl - b 2Ea/T AL a .06';8 113 .1 q
c Aiferent o e - g m . 0122 0f ; =1 1
d Hiferent d d - oo 7w ' - !
e ! % Zefra 8 «0U37 27 !
ad Sima 2, qifferent b 1y by -a) gu i
" Afforent a, saw b &) b =3, by /25 e AT
" Afferent a, different b ay by - ng % 2rp -111,'0 23 31
- - .
ac Jame 1, different o ay ¢y - 4] ey -
i A L0730 A5 20
" nflerant o, same ¢ 2 01 - Ay Q) Fm
- Jterent a: difrerent ¢ aj ey - a5 eg K’G -1Ey £ Ea /risb O?C; | = I ?O
a a . Py
ad Jame 1, dificrent d ay ¢y - &) d, 'f?w—/j l q 1 I ~
Se/r L2070 - W27 .23
" Rifirent A, sams d 8 4 - 4, :
N AL rant a: different d A, dy - :g d, AREYNEANY-F & ORS 16 ! o)
1 - Al
be Jime b, different e b o - oeg {?,_, /e - :
- Sofrye .O? )O nlq A -20
" Wfferant &, sine o ooy -oo F T
- Mifferent b, different o LYY - Zﬁﬁ‘l.‘zb/ 5]/1' I8 075 15 l ?O
—a ] ¥i-
bd dame b, different d b & - b dg ,ZEC/!‘I "'O?O i 21 I 2q
[ X0 [ ] —_—r e
" DLffersnt b, sams d oG - & '/ = I [
= | Mrrerent b, different d oo - g 4 (s LB AR, ) /r2r 2 ARE RN
L L e | oL
ed +ams ¢, differsnt d oy d - ¢ '
' L L% vere/e [ .xRs3 |36 L LhR
DL .. |28 nE [ Alramaleer | o | g
E lerent e Ileran ey, O =-C f L - b
s v 9 u | -O()l [ 12 -1;6.__
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e | e n, ' 1o 151 %0 n/Tr 1245 | .25 . o
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W | ama Uy ALEF ¢, different d :{ o g} - o) ep ) VR Ay /rda 105 23 23 |
- a in r-\ !
n Aiferent b, sama ¢, sane d h gy & ~ bg ey dy ]
" Miverent b, same ¢, different d [ 5 ¢ - g e f?[/-_‘i (=1 A {A-l):b,lz;‘./rdfl 1 [
" Ullerent b, dAff e, differant d | by o ~ oy o dyg 11?% ?f‘\ { ~
- ) PRV .¢6 '
: |
bed 1, 5ame 0, same ¢, alff d 1 o d; -4 ﬂg . ' :
1he e, » . 1, e 4 1 b ey gy i .185‘3 .-ai AuR‘i
" e 1, sane by, diff 9, da~e d L) d - a d ﬁ___—_“
L] Jing n: sane u: difg l: aire o l{ :11 :i dy - ll} lbé :g dg; ?‘"‘”Rc“a/rf 1n2_ 4 ‘ ] "
“ stee 1, dUff L, sAw ¢, 3ame d a oepch - e &g - .
b Hff A, sae b, sarm ¢, 30w d a oo dy o -ag by ooy ' '
" AIC v, diff b, same c, same d a by e1 o~ oag by er Ay : |
" Aw iy diff b, diff g, same d a €y h - ey dy . 1
| MErphanamms Jansaouuss o o
Toa rh, ¢, #ame A ¢ - oy dy _ - i |
o | e a dier iy mane o dirra | e w o el s wRd 2B r 112 A (B-1ERf B /r BS |
- L a, mame b, sa-e ¢, AL d A byoey g by gy
n ALL A, diff b, same o, QUL A a] by o) dy - & by ey 4 ; ;
» e 1, AMff b, diff e, diff d & dy - a © ! f
. L a4, same b, diff ¢, diff d ai%%dﬁ-aé?cgd%o ;
" ™ a, dift b, diff ¢, dif? d a) ) ey d) - g by oo dy 4."' 95h ’49 l h6
— [y A

L puotors averaged at aingle levels) the others over all lavels,

2R .l s 156,

tor U; 3 = 2 = iovals of factor C; o =

096

snalyses, respactively; r = & » roplinnnrgn; a

s and -
z 3 m levals of I

Q2

s levals of factor D,

reaspectively w error (rssidual} in whole-unmit, sub-unit, and sud=suv=unit
ctor A; L m ) ¢ lovels of factor D; 0{ = 9 = levels of factor A x lersls of [ l
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APPENDIX TABLE 9

in the follage of two plant taxa, ¢

 Feilca sallewiana and Ligustri japoniewm}, oo th.reo_ dates, o (October 5, 1¥u0, wnd June 1

1,2
~and July 21, 1961), dus to factorial teeatmants of three levels of nuich, 4 {none, woodshavinga, and woodchips, and three levels of fertilizer, B (0, 1, and 2 1b. of calcium nitrate per 1060 3q. ft.)**

1 superseripts inclcate whica factars are averaged at a single level; other lactors telng iwwraged over all levels,

2 zzcn valu: i3 & rean of six replizations meltiplied Ly the respcctive lewsl of 2i:ch factor not shoWn as a zufer:eript, 6. g. a value with a

cations X 3 levels of factor B x J levsls of factor D).

perserict of

LI

‘s a Cean

Cultural treatrent r * . " * * ' * - ¢ n
L 4R FTeljos asslliowians, ¢ .Ligusltrum laponicun, ¢ (cl’rCZ)/z {dy £ ¢p 4 33V
Mulch, Fertiliser, £ s 7 pl L n g d a t &, D L{mklin__g d a t e, D
‘4 B 10-5-6G, d; 6-1-61, d2 "_7-?14\1, ds dliég/'q)/z 10-5£0, 4y 6-1-51, dp 7-2:-1;ﬁ; d_j (014 3 A 33 | 10-5-40, 21 | 41-61, dzl 7-2141, oy
’ abcd atcd TR Y bed aoed T abed abc atd 53 abd e
aewo 1,851 1,91 1,927 11,90 | 1,927 | 1.2 | 1,57 ] L.58| L.88 | 1,590 | 1.7 | Lu7h |
o 192 11 .26 Hl LS TPL N -/ Y Y N I O 6L 1,96 11501 1,76 11,7k
o (T2 16_“__4.51}_6&._3.,95“?1"99__2.sz A7 1.8h L.60 | 2,32 1,67 | 1.50_| 1.0 |
(1 /b2 0313
1,93 1 1.96_11.91 11.91 | 2,00 1,32 ! 1.69 1499 .1 1,59 1 21.80 1 1,79 |
o £, ™1 ;]_-_o_hs_m,_nl.952_a_ ln&h lz@ LLQS;F“ 1'08.de 1-!159&3,,3:926 1_35 1__0_3Qm 1-6!1; 1.43 -
wesen = [1,67 | 1| 1,81 (1,60 0,95 ] 1,08 | ko ] 17| 1,767 (1,201 1,607 1,1 ]
Hoodshavings | of CaN03.4 by 1-63 nllLd lc?é _____ 163_, 1_1396#_1.1@1_3__1-BLiJnhg__laB,z,,,_1;2!-[.?__1.5.51?4-511_‘
az acd c ac ac C: at ad a &, 2
{or / by f )3
5T TJJ&Z:&EJ..LLLO_ 161 13721 1,05 L 100 | 1,39 J.éhﬁj_,?.éﬁg‘.éom 1,50 _
Lo 1,70 00 190 702,06 71189 4 180 L LI 188 182 179 uSLy L2 171
e, [ LA 2,701 00KT 11,80 | 2,03 | 1,07 1 1.58 ) 1,59 71 0,00 L 1LhS | 1,76 | 1,72
w o [eem 2007 1,827 A9l 2.h0 1 1,38 11,75 | 1.8L | _ZLEE_ 160 | 178 1 1488
b1/ bo/ bayf3 ]
T ess L Lok 1,88 |20 222 L3683 | 165 11,99 1152 | 1278 11,77
of Ca.\oj’ o Lé?w_la’zg&?infyﬁ.wpl.&o—&H_luéa.td ._lo-”-l&u' :L.SB_, BE&J..IJ.S_M._J..;GB. 'm'*“l‘h?”‘f:d 71 ’73_5:1 _'-_l,éz_h4
i S T I SR S R SN e U TC TR I O T B O 0 10 e I3 G e <1 Y .21~ 2 0 9 o N O I 2 T . 7 T
s 72230 ﬂ?;.&Lcarl.n.m 1.8L 1.8 | 2,00 | 1,30 | 1.65 | 1,70 _ ,,2,.06__3__J_.5Q\ﬁ41,21p__;*17_m
(®y £ by 4 313
SN W 200 I T T O ) PR 010 0 W= 20 20 W T O W B O

of Sk ebiervation-

{6 repli-



Standard Error of

APPENDIX TABLE 10

for the data of Avppendix Table 9.

Differences (S3) and least Significant Differences (ILSD)

A

b : ' L 5D
Itanl J Difference between: Hesmired we: 53 uodel? f 33 .65 -0l
a Afferent & uy - g EEa/Tlf b '021" . .O‘ | .06
b afferant b by - b iEEa/Pdfi -02}.', .QS -06
i
[ Nfferent e € - ¢ ’_-_25»./1-0\{ . .O QL,- L5 '06
d Aflerent d d; - dy ,?Ec/rn P .023 o ::: i -06
ab Jima a, different © Ay by - ay by t
" HAfferent a2, sa%a b a: b -a, by ,2Fa ‘e AT i
" I tb - AL b k a
Alterent a, differan A by v By -nhl .O I .l:!
ae dame 1, different ¢ a1 &) - &) oy IZED/rJh .01'1 .OL., | . ll
" nflerent 2, same o &y oy - a5 0
' Arsrent a: difrerent c Ay el - ay cg f*’ﬁ’s “1)E # Ea /rise 038 C’Q’ ! 7 O
- s e
aq e 1, Aifrorent d ap d -a ~ i 1
o ¥ s 191 1% Y2E /b .O(:D ‘11 i .:1,“_-1
" Aaforent a, sams a, d - a, d) ,
" AL rent a: different d ay di - ng 4, /2 El’-l)EC/Ea/rﬂ)’b .OL‘O ,Oq . "‘ 1
. . 1 - i -
be 3me b, different o B & B % Y2 /rya .OL’j noa L o:-_-
- Jfferent b, same ¢ B % -y ooy B \
. Hfferent b, different o b oo - b oo fl’_ﬁﬂ “1)En A Eag /T8 a 0038 .OQ .-= O
bd Jare b, different d b 4y -t dg {2}:‘:/“ !r,-::: .]1 .-}_J_{
" Nfferent b, same ¢ oy - by &y '
» Afferent b, different d by & - ré E( -l)Scf'E,__]/rﬂr a O}.LO 08 1 1-‘
- - H_ XS S
cd same ¢, different d € dy - e dg Yor /- 024 ks [ 2D J
" fferent e, save d o) dy - ey dy : _ ]/ i
" Hfrerent ¢, differsnt d e, 4d - e, 4, velir 1 BBy |/rar -
19 v 03% 07 ole) J
[ ] L ] P L
abe iime 1, sie b, differsnt ¢ Ay e - a [ g : 1
i s s 1 & 15, ¢ T 0072 .l: P1e |
" i 1, differsnt b, same c Y -2 b, o) ;
" nif{erent a, #tams b, sa4re o a) by ey - ag E 1 i
* Alicrent a, different b, zame o | a3 b e} - ag 1 LA - Y I v :
» S0 1, dlf;‘ers-nt. b, different ¢ a1 b ey - 1) by g EC( nsh/z‘]/rr‘ i
* Alferent a, same b, different ¢ | a1y 1 & - a0 by oeg i
n Jfferent a, diff b, different o | a3y b ey - &g bo ep O( 5 '
200 213 1 .38
Abd | ame a, same D, different d ay by dy -a) by dy /?5c/r,5 ) .058 .l:\ ; .13 |
" Jame 2, Jditlerent b, sams d o) By dy - & by i '
" pillerent a, ::u;' b,y am:o d . (% gll t;ll - ay :é g i \
" wifarent a, different L, sama 8 - ag i i
wo | osame 3, asfferent L, difierent 4 | a) Wy &) - m) 5 g el -V d b ]/r ol :
L] MHlierent a, sane b, different & ay b". dj - a5 bl dO i
" DMtyerent a, diff o, different d | ay by d) - By by dg 060 IR ER] g
- ks Yy
. 3 -
aed sAne a, same ¢, diffsrent d a; € dy a & GQ /’:Ec/—rb .Q‘;‘; .l]_ ._‘“
" jame a, different ¢, same d 3 o dy -8 g dy I ‘_ —il
. wame a, diff ¢, diffsrent d ay o) 4 - a] ey dg L4 (f-l)ﬂc/ﬁ]ﬂ/ffl .061 12 16
. L~
" Htierent a, same ¢, same d ay oy & -~ag ¢y h !
" s ifarent a, same ¢, different d | a3 ¢y o -ag e 4 /2[,9 [TV RV ISY W) ;.] /tBE
" iferent a, diff c, different ¢ | a; ey df - ag o gy .058 .11 .-] q :
bed | Jame b, same ¢, different d byeyd) - b0y g V2B /ra .055 .11 Q:‘.f_; )
" Jame b, different ¢, sane d & - dy /‘IF,—_—_"'--—_
o | same b Qiff e, different d Ell co} &G - ubll s L -VE A By /rda 061 10 14
- Boata = A S
“ Al ferent L, same ¢, sarse d ey &y by £y d1 - X
» Ml erant b, m; -5 i%‘rersntg n ooy 3]_ -0y ) ng fgLﬂ (J‘-IJECK(J-HE‘D;E;]/TJI. 1
" diilerent o € erent 3 v -~ Ay o
' ’ L)i ! ‘ ¢ .058 I .ll |r -lg
bed vy 81 , 3ame ¢, difr d Ty bey 4, - a [ W |
wed | e e s, e e, s m | Al 006 | 19 i .26
" e 1, same b, diff ¢, 3aw d llbleld.L,alb.cOall/————-——ﬁ—— 1
i L [-18-4 g - Y Ve -1 del/ey
" e oA, sama L, diff e, dLff ¢ A by ey A -8y by oeg o 1 c i .106 .21 998 i
" A oy, dLEL L, saw ¢, 3ame d 3) by ooy dy =8y by o dy |
. ifs a, sae b, sane c, sane d A oo~ b, s dy ! !
" ALE v, 4LLL b, aame c, sama o ap by ey dy - &, b oep oAy |
L Mte 2, diff b, diff ¢, same d a) by ey iy - oay ey h I !
Dt nEnyAEGIey unogonnos _a
f£oa, I L e, sam a) ey dy - ag b, 1 . _1)2 : H
n 31 2, ALEE i, maee ¢, diff A B b G- by o g 2027 (Bampb] /e B ; {
- RLf A, sama b, Da-w £, Aiff d ) ooy dy = oag by ey dy i |
" AL A, diff D, aame o, diff d a b ooy 4y - by e dg
" Jine a, diff b, diff e, difr d a d - & ©
n | DAt a) on-e b, diff ¢, difs 4 .‘;E}Z}d}-agiﬁc‘;ﬂ‘g
" A A, ¢4ff b, diff c, AUl 4 a1 o €] d] - &g g €0

2102 220 | .27

1 pactors averaged at singls levela; the others ovar all levels.

2&.‘5.”&&1%!

.0303 , ,OL63

analyssp, reapactively} r = 6 w nplicnt&on§ .

tor B; /A =2 = lovels of factor Gy o =

, and

® levels of

0276

respsctively ¢ error (rasidusl) in whole-unit, sub-unit, and sub-suv-unit
2 ) = lavels of factor A; U = ) = lovels of facter By (X = 2
factor D.

2 levelas of factor A x levels of [ac-
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APPENDIX TABLE 11

horuS, pe I‘Centage dry wmight basis, in the foliage of two plant taza, C Chrysinthemm 'drlopat and Sirpsantherus

ut 'Chris Colambust},

<n tmo late

s, 20y 2 amd

and July 1, 194, dus to factoridl treatnenta of three levels of aulch, A (nene, ‘modshavings, and Woodchipa), and three lovels of fertilizer, 3 (0, 1, 2ad ? 1b. of cileiun nitrate per 1000 sq. ft.}"'e
. ) P 1 a n t t 2 x a, c
Cultural treatment, A/ B
Chrysanthemum 'Arlera!, o : Chrysantherum 'Chris Columbus, ¢ leyFex}/2 (o, / d2)/2
. . Samprling date,DL s.'npllng d a t o, D
Huleh, 4 Fertitisens B AT ke, o 7-2-60, oy (ay/ a5)/2 5-2-60, ¢ 72460, d (44 4)/2 £ 243, d 7-2-60, 4
, T Tahee Tabed| . ake T bed —abed Y 63 ) ab
of Candy, By 292 308 2300 0227 ‘Jl _._2 9 ?.26_0_ « 319 289
' abed abed abe abed “2bed | abe] atd abd ab
| lemoe | o286 | G306 | 296 | 223 1 320 1 .270 . .25l 1 #313 2283
Noma, ay 24 canoy, b ngi#d,._l—mgqi» 2295 | ,226 7d ) k,-?_é_b__._.u,,-,aéo 300 aod 280 ab
c ac ac ag ac: ae ad ad a
(b £ by 4 53)/3
291 S0 | W27 k225 | L318 | ,272 258 1 o311 284
P abed s abe] abcd abcd A avd abd] . 1)
diteh 1 W272 1 L3290 1 G301 .252 0 W36 | G308 1 L2062 | L3WT_ 1 30
e} 263 ) amn |87 ] 260, am{ﬁ,369 le31s | ,262 1 a3k L L300
Woodshavings, 8z |  2#Cady, by ] _’262' --—.Bli __.289_k,,ﬁk .25 9 %,362 - | 310 ,-261 - _._13_3_8 G | 300
(bl ¢ "2/ b])f3
266 1,318 _ 1,292 0,257 L 365 .31 | L262 | L3h2 o302

“ocdchips, a3

Or CaFO3 !:b1

24 caioy, by

(% fb, £ by

(£ fa33/3

0+ Cally, by

1+ raugy, by

24 Catoy, by

(b £ b, 4 by)/3

ST DY e
| | ogg )
1290 T acd

-
283
276
202

L.
1
2

Serseripts
Zach value 3=

1ications x 3 levels

I

n of
Tactor

a-ra

of Xz

e med

£iX repli
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318 2299 . ?57___
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|
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308 i

- 259
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2891

Thed|
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2309 |
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7

with a surerrorit of
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)
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Pl 321
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Standard Error of

APPENDIX TABLE 12

Differences (S3)} and Least Significant Differences (LSD)
for the data of Appendix Table 1l.

,
—t
- . L 3D
Ttenl ) Differsnce between: Mammured na) 53 Model? { I 05 l ul
a ‘ifferent n LY - ag fl!:./r,df b .Oohg? .010 i .Ol?
I i n - b frlrara 200497 | 4010~ 013
< Afforent o L - €y m .00325 .00? .039
a_ | srterent 4 4 "t ffing 00325 | 4006 | .003
ab 41me a, different b Ay by -8y by
" ferent 1, 3ave 0 a b -3, b ,2 7 ~ r
* Jdillerent a, different b by - Ry by fafr? aOOBGl 0017 0023
ae sime 1, different ¢ ay; oy - &) og ‘f
FEofr s> 200563 | L0203 ! 015
" LU t a, aal a8 -7
B .n.,'l':::t :, di;':"exc‘nt a ui ci - ;3 :é ﬁE'G =1)E, ¢ Ea frranb 0063? Olq E -:1
[] - o\ L
ad s1me 1, diflorent d LI -ay g, Y2z /o 00796 ! L0165 { SO0
“ :h{:runt a, ftm d a4y - A d; . 1ie - o | .
MLZspent a, different d ay Ay - ag 4 /‘?E‘r VEcf By) /e S .00637 .Olj_ l ’0_‘5
be | e b tererens o S T 005567 | 4011 ,015!
" Wfferent b, same ¢ b - b H
n Jifferent b, different g b 2 - b % ﬁEﬁ -1)Enf !.]/rhﬂ [ .Oﬁéj'? 0'! 2 I‘ O'| 7 i
v H L O
bd | Jame b, different d o a4 -y 4 VoEo/ra 200796 | 4016 1 .02%
" M{ferent b, sama d by &y - by ody {- }
» mer L b, dAfferent 4 - el -1 B AR, | /e j
eren are o4 by Ag [ c q] .OOé:ﬂ .013 ! .017
d SAm , dirs bt d d - & -
‘ o ST s B Yoro/s 201378 | .027 ! .05
" J’il’f_erent e, sans d ey dy -0y &y J__— ! ]
N Jfferant c, differsnt d¢ ey dy - ey dy 2 EI -1)5;-/!5]/;'0«{ OO}‘JSQG' 09 l N 2
A i ;- 3
B B , 33 b, different e a s -y by — |
abe me 1, 3ame sront e 1 B e 1 L) En/T S !0091; .020 ‘ 9026
" 317 3, different b, same o a b &y - & by 0y
" Alferent a, sane b, sane o ay gll o] EL) & o]
" nf:orent a, diyfersnt b, same o | ay ey - a0 LY f .
» 1§ iavis i, different b, different ¢ | a1 b 5 - 3 bg € RN
. Jifierent a, same b, different ¢ | a) by & - ag b eg
" Jifferent a, diff b, different o | a3 In &y = 8g bo ep O]J Q3 02? 030
- = - - L]
R R I R R s 200975 | 019 | .025
" game a, dilierent b, shme d - & B c!l )
B Villerens a, same b, same d 4 :} ;} :’11 - ‘Nﬁ :g 3]_
" Hlferant a, ci{ferent b, 3me & - &, by
" Jams 1, dif{erent b, dlr;,crln‘, d n}. tt:i g} - :‘{ By, d}) ﬁuf‘l)sc#!ﬂ]/rf(
" LLrerent &, same v, different d | &) by d) -2y ‘;L dq
" iy t &, diff o, LiLF nt d ay by d -
uilterent a u Lare! O dl Ay by do .01103 .022 .030
: - for a) ¢ *
acd sare a, same ¢, differsnt d Ay ) d) 1 &) dg m - .00796 .016 .021
“ sime a, different ¢, same d d - 8y g, d) F.,__,......—_
n .a-n: -\: d.u'rec, dirrerant d :]1_ ¢y djl_ - Ay cg dy “_‘\f-lmcrff-g/l'fl 00706 01 6 021
A L A e’
" AL arent a, same c, same d a) oy - og ey d)
" WMitarent a, sama o, difterent d [ ay ¢ & -ap oy oy /Zfﬁ (F=1)Egd (B -1)EpfE)/r 8L
" wiferent a, dff ¢, different d L M ocy dy -~ ag & dy - .007[;'1 .015 .020
bed | Jame b, same ¢, different d oy ey dy -0y 4 (ot fra 00756 | 016 | 021
“ ams b, different c, sane ¢ b5 g -y e 4y W
S (el Ay Ty R S [ e B R R i 00796 | J016 ! 021
" -Jix.fcrent b, 3ane ¢, sane d bl gy dy - by oy d) = |
" Uil erent b, Same o ﬁfé'"ﬂ:: ;} et 2 - ﬂ'j ey % YA o -10E 4 (2-112p/B)/rare !
" uviflferent b, £, eren ey - (39 OO?Sl Ol; | 020
- . - L.
abed | same 1, same U, ame c, L d 1 By 4 -a b oo g IZE,C/:- .013?8 .02? n036
" 3 a, same L, diff o, sa d A d a: /_‘—_""—'
. 41:: a, :u. L, aLr :. n}?u -.{ Z}:{.; .{Eiﬁ% 2[1(-1):.!:3/:-( -01338 .02? 0036
- atng oy, diff b, same c, sama d a) by ey dy -y by o &
- Kff 2, sa~w b, 3ame c, 3ama d N S T S
. ALL b, J4ff b, 28ne c, sane d g bnoepdy - g by ep dy
- 2w ay, diff b, diff o, sama d 4 by ey -y b gy
L] JALS 2, aame b, diff ¢, same d ‘lbl"ld'l"’ﬂbl:(!dl
L] AL a, diff b, diff o, sams d » ey dy - d _
" e 4, diff b, same o atre & -i :llcid{' -:‘f:{dgd{l} A s (B1mh ] /e 87
- AL A, same b, mams e, difr d & by oo d - 0g By ooy dg
- RET 3, diff b, same o, diff d Ay by ooy &y - oA by &y 4
» 3 , diff b, diff o, diff d & -
v | KPP 2l Game o aifr ok aicrd :}Q:}dp:});":gﬁg
" HEr A, diff b, diff ¢, Hff d ay by e dy - ag bp oy & 01301 026 qu

1 pactora averaged at lin‘lBl"-ll] the others dver all levels.

2l..sb.andz,s.000 9 .

+00057

anAlyass, respectively; r = 6w Nplioltlmﬁl
tor U; 22 =2 w levala af factor C; f L]

s lavels of factor 1.

s And .OOOST

respactively ® error {reaidusl) in whole.unit, sub-unit, and sud-sub-unit
&= 10 lovels of factor A; b = 3 w lovels of factor B; ( = 9 ® levels of [actor A x levsls of [ae-
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APPENDIX TABLE 13

>

PhOSphoruS, percenta,ge ary weight basia, in the foliage of t#o plint taxs, C \Foljoa sellowiana and Ligustrun japonicwn), on thres dates, o (Uctober S, 1960, wnd June 1

~and July 21, 1961), dus to factarial Lreatwants of thres levels of wulch, 4 (none, woodshivings, and woodehips, ind thres levels of fertilizar, 8 {6, 1, and 2 lb. of calelua nitrate per 1000 3q. fr.)}?

14 1 a n t 14 a x a, C

Cultural treatment ]
L0 Feijon sellowiana, ¢y " Liguatrum Japonicum ¢ (cl;eE)ﬁ (ﬁlgd:,;dlyj
Mulch, Fertilizer, $ ampl 1 n g d « t e, I S anm L 1 1 n g d a t ., D ]
* s 10-5-40, ¢ | 6-1-61, dp ! 7-21-61, dy fdy 4 dps d3)/3 [ 10-5-60, dy 6-1-61, dp | 7-23-61, d3 | Fdp/ d3)/3 [ 10-5-£0, d) | 5-1-61, gy | T-21-61,

o ou abed abcd abda abe abed abed ke iy 5d =) aba Py

M 1L,167 | LA8L 1.165  1.A73 | W173 § L3176 L.16h A7 L1701 .182 J65 | 173
- Ca.\lo:h by 6 abed 8hlbcd .L abcd ] abe q abed abe abed & abd atd abd b

Nora, +16 la;.rf‘l ed ™ ?_O_aﬁ'—hzlLaR o1 qma 'lThasa 156 'b‘ca'—’l&m"—‘léL*"lZL,M'—‘m3. 168

w2170 | L1520 1Lk 1,157 | 62 | 126 L1261 .166': 39 .138: "

acd] ac acd acd acd} ac

() B2 # 13V
.168 3 ._].?Ll.ab‘:d .lélabcd _._168 a;c .16'h.bcd .l;9abcd .1119 abed .lSlec nl&uﬂﬂ -1.67 =5 qu‘;a ".163 35
of caNdy, ]
2 oy : '?'nga 'g'hszQh—aberlz—SSm-‘gé?'am ‘2563& ‘33'zm534285?&""°2‘?619"“2%'—"2&%—‘2707
o 1,162 1,210 0228 1,200 ] 163 1 L175 .238 1 a192 1,163 1,193 | ,233 | .196
aavings, | of canoy, by | Gy _170__57.211,,__ 179 _______.12.9%7.150_,235___ L 2189 _|..153 _,ms__,?zLLu J18h
az acd ac acd ac ac acd| acd ac ad ad a
1/ by
e 2202 - 208 - .2257;‘142412 | 199 197 1,270 2221 201 1,202 .zu&E 217

d abed| abed abe abd &
a

dowty by | 182 | A7 1,177 117 __']l'z::d _A_]_lﬂ_.&a ,171;_‘5?5_,16&‘?_.18%—.15%ﬂl¥h:—w o

g, 720 216771 0166771,072 71,168 1 17371 L127 1126 1 LAk 1070 Laak? ] G3ho | L15S
4 al . abed ated a abe abed| abcd 2 2 4 « a b
b HC.NC‘B,DJ ‘;LQ‘ acd] O’Eak.lqs acd .173 [T -261 acd -2‘?0“03120 acd 7-___—'2 d e??n d 6138 d 6195
(A by F vy)3

171 «158

L 4]élm,41r@_1_120hﬁ£(_1182 ,QJJLQ_W_._J.&S_& __119&53,4115L - -l';} - .l“l
of £akdy, by OQD‘&B _1199 __bc_._ll?,l 0201 - _:?Q!L_Eagjgl .
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3 “Bedl T ’ g sed] £ 5
1§ Cﬂoj' b?_ "“Léi&_d .].8,?.&6 J&Q_bc_d -‘J‘BLWBC—‘165—§d-—01-5%d0171*&d——0]-66 o~ 4.16.SW_01'23_;;__'1,82_: _._173_‘:
Wfrtsl oo n | 173|160 1173 170 | L1981 .186 La6o | 8L | .186 1,175 | 366 1,176

cb]:‘ bz:‘ b})ﬂ

«18k 183 [.38h . 8L 1 .169 ! .179 L1861 ,18L 1,184 1,81 1 ,135 1 184

1 Superscripts (r<icate which facters are averaged at a single level; ot'.r factors being averaged over all levels.
2 zach value i3 a mean of cix replicaticns =ultiplied by ths respective level of cath factor not shown as a superseript, e. g, a valus with a superscript of “ac™ is a ~ean of ©L observaticns (A repli-
cations x 3 levels of factor 8 x 3 levels of factor D).




APPENDIX TABLE 14

Standard Error of Differences (S3) and Least Significant Differences (LSD)

_for the data of Appendix Table 13.
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. L 3D
Iteml ) Difference between: Heasured as: 53 Mode1? 83 05 1 o1 4
1
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. Jifferent a, same b, sana o - ag by ey
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20229 WOL6 062
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abd | sane a, sume eren 8 b g f?sc/rﬁ .0265 | ,052 ‘ '069
u same a, Jdittsrent b, sams d -1 oy d | ‘ 4
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25h
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e 9
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Fing
)

0Ly | ,059
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V2[B (F e/ (P DA E /T AL S
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fEc/ra

%y
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Aame b, diff
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0221 | .04l | L0859
0216 | ,0h° | 056
VLir e iy /ran L0222 LOLL | L0%9 :

Ay ferent b,
il{srent b,
i farent L,

=ie ¢, sane d
same c, different
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FEFIIF| I EEE
&
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VB (4L F{A-1E /BT AT

«0221

1bed

-3

t e 8 2% 2 Sm % X 4R

»

-]
=
F—

SSEISILLL290 £E) I | EHE ST S| EES

Jame 1, $ame b, same ¢, diff d by -a b d, jz- i
' dif i 003 75 .OTL‘. .098
i a2, same L f e, sarw d -a i
JAme 2, same U, ALLf &) LLF A :} o al E f% Va(ir-1ing i /rr 038l 076 f 102
[ i - L.
sveg o, dIff L, sane c©, dama 4 o - Ay ly dy
iff a, 34a7e b, sarg ¢, 32w d oo -a, &4
MALf o, dAff b, same ¢, sane d n o1 - ag by dy
e a, diff b, Aff o, sama d by ey -a) Yy iy
HLD 1, same b, diff ¢, same d by & - ag by dy
Af: a, diff b, diff ¢, same d [ - d
L I e oy it magleryd | AlAG s S/ Br
JALL A, same b, sare &, Jdiff d o = 85 by dg
IRLL 3, GLfL b, same o, dLff d v o) - oag by ooy 4y
ey, AL b, diff ¢, diff 4 b oo - a by dy
JALf a, same b, diff c, diff ¢ M B e - Ag by dg
MIf a, diff b, diff c, dff d 8) b ey - ng by 4

£0382

&076_| 102

1 pagters averaged at single levels) the others ovar sll levels.

2 g, Ly, and By 8 .00142‘56

analysep, resmpectively; r =

 JO0W68 .  00}2]

# replications; a = 3 =

tor U; & z 2 = lovels of facter C;/ !j A levele of factor .

respsatively ® error {(residusl) in whole—unit, sub-unit, and sub-suv=unit
levels of factor Aj U = )} w levels of faotor B; 0{ T D 2 lovelm of factor A x levels cof fac-
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APPMNDIX TABLE 15

>

Potassium, percentage dry weight basis, in the faliage of two plint taxa, C (Chrysinthemw ‘Arlora’ and Chrysenthems 'Chris Coluwbust), on two dates, 3 (i 2 ad
ind July 2, 124, Zue to fictorial treitoenmts of three levels of muleh, A (none, woodshavings, and Woodchips), and three levels of fertilizer, 3 (0, 1, md 2 1b. of calcium nitrite per LA s4. “_)1.2

P 1 & 0 ot t a x & C

Cultural treatment, A/ B

Chrysanthemuz *Arlera, & ’ Chrysanthemum 'Chria Calumbua,cz (c];'cz)/z (dlgdg)/z
. S amapling d a t e, D S a'mp 11 on g d 2 t e, D
Mulch, A Fertilizer, B 5240, & 7-2-60, d2 (dlﬂd?)/E 5-2-69, d; 7-2-€0, dp {dy £ dy)/2 S-2-6%, dy 7-2-60, dy
T A NN BB R X X T
oot | 3,96 | §a32 L bl o 2uh2 L hGs TE 3 3,09 Ll UL 3uh ”
e ooy | 368 T €03 Ll | 2477 ] has3 ol 365 3023 | W83 ) b3
K> £ b5 4 B3)/3

3.76 5.03 | hao | 2,58 La 50 3.5 | 3,17 Lo 77 3,97

ey v | 3,88 bl T 0L T 2,97 ] 3,90 T 2,93 T 292 Tl has Y] g5 7

vese | 360 T 177 W20 ] 2,05 Lkl 3423 | 284 |l h,89 | 3.2 -

foeistavings, 7| TToas % 3--81 acd —-htalFsea“h’JjL—-'jAz‘ 2'0’:5671";_]4'56"ib’a’73'38' ac] - 3'00“'-‘«1‘_14”?0 ad 3"'&5 .
PP sr. L hes |22 | 2,07 | b9 38 | 292 L8 | 3.70

e | 378 " LBl | b3l o] 2451 L b :::___B.L,,___B._li b3 U1 3,89 ©

Meeen | 3hg 5,02 ] b2l ] 2.3k .__gd.___lu - o 2a20 oLhBL ] 3.85

toocenson, 4y | 2y, vy | 3 g } _8J6. - L.53 _ 2,31,;:,d __L.Ql-w;aw:i 62_ .__Lll_._Td,‘Sth—_¥lL.QB__..

(b 4 b, b))
P e sy bt o2 Lues a2 | s s s

BT W5 N T [0 O N 26 " O 1Y N V5T N W=~ 6 6 T B YOS
SRIRYEY MRl U Y- NN G TOX ¥ SN W0 100 N ----2,2-':..m..__1;.1.3971W73.38 T N PR O PO & 3.8, |
ot 13,80 | 5,0k, | b2 2,h3 | W68 3,55 | 301 | .86 | 1399 |

by 4 By 4 byi/

e bl D ks Less L faaao b g5 Lug 3,87 ]

Summrigrirts rllcote the factors 4hat nra Jueraced at s oo ple lewsl; cther wtors ooing ayeraged ovar all levels.

Zach value - & meaq of clix reolfeaticrns - o1t m17=d rx 4 2 rordeanive laval al‘ ach facinr e, s}crm as 3 superieript, =. g, 3 value with a sunerzeri-ot of "ac® is 3 irean of 36 observaticns (6 repe
lications x 3 levels of Tactor 5 x 2 levels of factor 1), '



APPENDIX TABLE 16
Standard Error of Differences (SE) and Least Significant Differences {LSD)

L

for the data of Appendix Table 15,
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" Jame 3, Jdifierant b, sams d d.l - bo r.tl ; el
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" sime 1, dLIf b, wame o, same d 2] b 6y h -0 by ey :'
LJ RLilfa, sawe L, 8a™e ¢, 3awa d L N T - A T |
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" MAID 1, sama b, ALl c, sama d By Dy o) d) - ag by gy dy |
L] Bt a, dff b, diff o, same d [ ey dy - d _ . !
w } isea, diff L, seewc, difrfd | a E i »:j gy FelBcr i s (B-vmuk e /r B8
" HLT A, same b, Barm ¢, diff d a by ooy d) - ag By oy
" BIT a, dAff b, sawe o, dIIL 4 by ooy dy -k by
* Jwen, diffh, Affc, aAlffd | ay byoep 4 - & by ey do \
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1 pugtors averaged At single
2 Ea. éy, and Ky » .:LJJB ’

tor ¥; & =2 » levels of factor G; J =

levels] the others over all levels.

150

e 168

a levels of factor U,

respegtively = error (residual} in whola—unit, sub=unit, and sub-suueunit
analyaes, respectivaly; * = & » replicaticns; & 2 3 = lavels of factor Aj b » 3 » levels of [astor Dy A = 7 = lavels of factor A x levels of [ac-
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621

Potassium; percentage

1,2 -
~and July 21, 1961), dus to factorial treatoanta of thres levels of mulch, & {none, woodahavings, and woodehipa; and thres levels of fertilizer, B (0, 1, and 2 1b. of caleium nitrate per 1000 5q. 1. )0

APPENDIX TABLE 17

dry weight basia, in the follage of two plant taxs, C (Feijoa sellowiana and Ligustrua japonicum), on three dates, J (Detober 5, 1700, 1nd Juns 1

1 cuperscripts .ndlcate which factors are averaged at a single level; other factors being averaged over all levels.

Zach value i3 3 rean of six repl

cations X 3 levels of factor A x ) levels of factor D}.

Cultural treatment P ! ‘ » b * ' * L ¢
’ L/ Peijos sellowians, & ) ligu.,trun Japonicun, & ley 4 cp)/2 (414 9 4313
Mulch, Fertilizar, S amplincg d a t e, D $ a2 n E 1 1 n g d & t a, D
N 10-5-68, & 6-1-61, dy 7-21-61, dy Kdy # ¢p # d3)/3 | 10-5-60, 4y 6-1-61, 4y | T-21-61, dy W4 daf d3)/3 | 10-5-60, ¢y | 5-1-61, 45 7-21-61, d3
of canoy, by 65 l ])J.abcd 99 abed 93 abe 1 Ogabcd l 26ahcd 99 a 1 loa'bc 8 abd l 2 abd 99.bd 1 01 ab
o con b = " abed . abcd| . abed . abe . abed . abc - abcdl n 2bc . abd | b . abd . ab
voon > *|,68 1.28 | .98 | .98 | .93 11,25 |1,06 11,08 |.81 1.26 1,02 1,03
» abed abed abed abe abed abed abed) abe abd abd ab
" P60 5 | .59 . 1.0h 1295 | .86 & 79 11,01 ] Sl [ W91 69 1.02° | .9k | .88 -
Bt v vyl
S 1135 1,98 .92 | .92 117 11,00 1,03 1.8 1106 | .99 | .98
ooy | 8¢ ™30T 11408 11,03, | 152 2,29 ] 1,280 L9k |18 | 3.26 | 1.23
wew w66 11,33 11215 11a0h 87,1 1.26_10.00 11,07 | .76 11,2071 1,027 1,06
Wood shavings, 2 CaNOy, b3 .76 v 1‘22 v 132’_1 l‘QLMQB——-d .zlL?JgOS“jJ;QTL 4_81[_3 - 1-23 . ; 1-15l‘d 1.0? ab
. ac ae A ac ac ae & 2 »
w1/ v o3
.76 b33 21 o Logh 1.3k o1k 11 L B8 11,33 1 1018 11,12
o cancy, v | 67 - 1.01 - 1. 33 l.OO _ 1,03 - 1. l?bc 1.09 - l.lO .85 , 1,09 = ]_.2]_abd 1,05 -
Woodchips L‘iﬂl%, °2 .78 l 16 1025’ la07 n97 1 lO -98 1 0Q 88 1.13 1.11 1-011
4 abed bed abed abg abed bed abeg, akd abd a4  abd ab
a 2rcancy, b | 78 - 1 20 1.21 _ 1.06 21 - 1. 1.3 - 1.0h _ 1.02 _ R _ 1.16 _ 1,12 _ 1.0k
s 2 |1.26 i 5 | .86 g
— 75 1112 11.26 Ok 1 .97 1 1.h 11003 ol 1,05 | .86 11,13 1 1,15 11,05
ey ™|, T2 1.20 11,19 1,04 1.03 1,32 11, 12 1.16_1 .88 1,24 1,16 11,10
Bed bed bed be g B be bd bd bd b
wety b2 71 1.26. 1113 41403 92 11,20 11,0L ,,1,06 te82 11,23 11,08 13,0l
(a4 354 33Y3] 2 Ca¥iy, by A = 1.15 - 1.13 cdl.OO 4.87 - ]—A13 o l OlﬁJ_,OQﬁw.YQﬁ_E_lolh__d__l,ﬂ'fl 5 1,_.00
By f by f g3
.71 1.2Q. 11,15 1,02 _9l 1,22 11,06 1,07 | .83 1.2} 1.0 11,08

icatlons multiplied by tre respective level of each factor not shown as 4 superccript, &, g. a value With a superscript of Mac"

‘s a mean of SY obrarvations {6 repli-




APPENDIX TABLE 18
Standard Error of Differences (S3) and Least Significant Differences (LSD)
_for the data of Appendix Table 17.
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APPENDIX TABLE 19

Sodiuj'n, percen’tage dry wwight basis, {n the folligs of two plint taxa, C (Chrysanthesmum TArlorat and Shryacntiems ‘Chris Ccla=bus'), on iwo dates, 3 (7 2 and

1nd 2 1b. of c1lciun nitrate por KO 7. ft.)%¢
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, APPENDIX TABLE 20
Standard Error of Differences (Sa) and Least Significant Differences (1SD)

_ for the data of Appendix Table 15.
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APPENDIX TABLE 21

»
SOdium, percentage 4ry weight basis, in the foliage of two plant tays, £ (Feijos sellomana and Ligustrud japondcun), on thres dates, J {October 5, 1700, nd June 1

~and July 21, 195l), dua to factorial treatnants of thres lovels of mulch, 4 {none, woodyhavings, and woodehips; and trres levaly of fertilizer, d (0, 1, and 2 1b. of calciun nitrate

par 1000 sq. fe. )l 2

1 Superscripts ndicate which fatlers are averaged at a aingla level;
2 zach value is » rsan of six replications multiplied by thre respective level of sach facter not shown as a superseript, e. g. a value with a superscript of “ac" {5 a mean of <l observations (& repli-~

cations X 3 levels of factor B x 3 levels of factor D).

other factors beling 3veraged cver all levels.
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APFENDIX TABLE 22

Standard Error of Differences (Sgi) and least Significant Differences (ISD)

for the data of Appendix Table 21,
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1 pugtors aversged at single levels; the others over all levals.

2 g, gy, and B = .000537 , .OOOShB , and .OOOhéz respectively w error (residusl) in whole-unit, sub-unit, and sub-suv-unit

anklyses, respectively; r = 6 » replications; & = ) a lovels of factor Aj b w ) » lavels of fagtor Ij (% = 9 2 laveals of fuctor A x levels of [ac-

vor B; 4 :2-1m1anrraewrc;/-3

= levela

of factor D.
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APPENDIX TABLE 23

CaICium, percentage dry veight basis, ina the foliage of twa plant taxa, C (Owuysinthemua 'Arlora’ amd Chrysanthe-um 'Chris Golabus'), on two dates, J ("a7 2 and

wnd July 2, 194y, due Lo factorial treatnents of thres lavels of mulch, A (neme, woodshavings, and Woodchips), and three lcvels of fertiliwer, 7 (0, 1, 1nd 2 1b. of cilciun nitrite per 140 3. ft.)l‘z
. 4 3 a n t T = x a, c
Cultursl treatrment, A B Chrysanttemun *Arlors!, g Chrysanthemun 'Chris Colunbua, cp {eyAez)/e (d) £ d;)/2
. S anpl1n g 4d a t e, D S a'mplin g d » t o, D
Mulch, A Fertilizer, B 5-2.40, 4 7.2-60, dy (dl_"' 4p)/2 5 260, d; 7-2-40, dp (dy £ d)/2 £-2-62, &y 1-2-60, d2
0F tanog, by abcd abed abed abed abe T abd abd ab
4.325—2&5 -‘—0—5633—1“ —ohhh—- _—aBQQ___.— a,133 ,L.hl? o a312 nbﬂ_‘ &’aﬂ'_.'h'ao*ab‘
wewoy v | 300 ot w528 LWk} w305 L o2 ol 38 322 Tl Lsio T L6
None, & aN b. : a a a a abd ab
e | 310 |82 .,.,396____ ar,.zg_s__,,agd,,, 500 _.35187,37__.30_2*,,“JJ_.!&_L__Eh.BQI___
(b, A&y / b33/3
s boasel Les ] .o0 | .508 b uboh | 312 516 | Ak
ey | 285 "7 L3650 | 325 1,305 | LLos T .3s5 ] .295 0385 1 .30
oo | 290 | Ghoo __.3!;5@_&__, 300 71 3,751 338 .295 o388 -3h1
Woodshavings, # | 2# CaNdy, by 299 Jh10 _de‘352_____W.ZQD___ 1 $385 WJBB 6292 | »398 : 03)-[5
ac ac ET acd acd ac ad ad
() A3 4 502
SRR . TN O S U T N (. N BN :: DO I 1 N -/ IO - N N - 2
0: “’:03- {270, st — @320 g —330- ol ‘285"57“‘395 ) b Z‘Za—zﬁ* «322 .ba“_‘:ﬂ 5 3
- T 280 | Lahoo b o3h0 L k285 1355 | W32 0 & 282 1,318 | ,330 °
Woodcaipa, 2y 24 caNDy, by .a6_0_ S 7'___‘11_2_5 "‘E{"'"‘th_"” 1&*"‘2'6'5* - ""‘BQLEM .330_‘___7_7_@_6_2_ - .Lllo . .336 :
(b £3; £ b3)/1
L e dos 1338 L w278 | 382 | 330 | .27k 1390 | 33k |
T L .293 boWh39 L W366 L w297 b Wbl L W37A | W295 1 W2 | L368
oy togpgn [ | 303 ] 3 ol AT ,m,_.291_m, JO7 L e3s2 L w300 ] J2s 7| .62
e 288 L3936k | 283 T et T u3ss T .ee6 L33 | .38

(by £ b, 4 byi/2

| 2295

.

b0

L6368

29_2_,,J

l .. & hz_ﬁ,—;

1 Sujwrscripts ircicste the fuctors that are averaged at a single level; cther fsctors being averaged over all levels.

Zach value i- 3
licat:oens x 3 lewels of ©

~ean of six repl

fcaticonsx

vultinlled by i+
actor 8 x 2 lavels of factor D).

A respectlve

level of ea

2359 L

ch factor not ghown as & auper:cript, &. g, a value with a superscri-t of

29k

-lilL

2363 |

"ag® i3 a mean of 36 observations {6 rep-



APPENDIX TABLE 24
Standard Error of Differences (S3) and Least Significant Differences (LSD)
. for the data of Appendix Table 23,

R . L a3anb
Ttaml i Diffaranca batween: Meamired aps 53 Model? | jix .05 I .01
a ‘Aefferent & L3} -y 2. /rAf b -00711!; s | -020
B Mfferent b by - bp TR 0074L85 015 L 2020
¢ T fferent ¢ 2 - < 25 /r a s L J00LT] 009 1 013
d M ffarent o dy -dg VB /rn B _.OOC;OQ L0 : 2013
Ab sime a, differeant b 1 by - a; by, {
n rent a, sa a ¥ b ) I
D] A I A et S Tww e .01291 1,025 | 035
e Jime 1, differsnt ¢ ay oy - 8 e VEu/ren O0R1A a14 nNe 2
] iieeme 3! ilterant o e cage s, e 009L3_ | .019 | 025
ad | e 1, atfierent a nd o -ag 25, /ro L0127 [ ,.025 | .032
'-" ﬁ}fur‘zﬁz :: zga:ent qd :i :ll : :g 2(13 V2 (f-l)!cﬁar/rﬂfh ‘00972 .02‘% ‘O‘%O
be sime b, diffarent a b ooy - oy V28, /rra 900816 .016 0022
S| Ditferent b, Gitferent o I Vells-neose] /s s 00943 | .019 | L02
bd Jame b, different ¢ b & - b g Y /ra .012117 .OZC; .012
L | et by drterent @ w & ] 1 reflr e sr]/rara 0972
ed | sme c, different d oy 4 - e dg Ve /x 02160 Oh3 | 056

L [y a N - &
L Jlfi':::: :. :l:;;erant d :‘ :l - :U : 2 E' '1)!‘:/Eb]/" 14
: 1a 0 L00861 L0171 W02

i , same b, different ¢ a} b e - a

abe 1me 1, sime aren Y 1B eg ﬁEb/rr .Ol}_[l’_l_ .02.3 | .038
" ivva 1, differsnt b, same ¢ ay by o) - & ‘bo 3 +

" Jifferent a, sawe b, same @ a b ey - ag % [

" Af:icrent a, different b, sams o [ &y by 03 - &g 01 /T‘_'_'_

- S, d.trferent b, different ¢ [ &) ¥ o) -0y bg ep 2!:( VEp/ E'J/rm

L] Mfferont a, same b, different o | a3 np &3 - ap by e

" Nffureng a, &iff b, different o | a1 ¥ @] - ap bg og 0163 3 033 O! '

] A 2

at | Jame a, same b, different d a) by dy -y dy ﬁzc/r,a ! e 527 ‘030 :011,0
" same 4, ditferant b, sams d -a b

" Uifterent a, same b: same d :i E :11 - ag :E e |

" DLEL t a, different b, same d | & - ag

u moe::ndi;furent E,ndinarant d| ay :} :]]"_ -8 b8 dul ﬁ@f 1) d !.3/: ar

" Hirerent a, sana o, different d | &) B g - 8g b dy

" Lifierent &, A1l o, different d | a; by d; - ag bo dg 01683

3

acd ne a, same c, different d a) o) d) - 4y oy g f?l-:c/rb -012)]7 -025 -032
" Jiwe a, different ¢, same d 8y 0 d-L -8 ey &y /_E_—

n r - 2 -1

ame o, diff ¢, different d a) ¢y dy a) &g 4 (F-L)Ec ARl /e _01hS1 0% | .oLo

» Mfrerent a, sams ¢, sans ¢ ay ¢y & - ag oy 4

" Uiiferent n, same ¢, different d | &) ¢] & - ag ey dy LB (7 -LE 7 (# -L1eud Bg) /1AL D

" Mfferent a, Aif o, different d | 8y ¢) dy -8g o0 & 01291 .026 003)4
bed same b, same &, different d by ey &y - b oo 4y f2Es/ra 10]-2}.17 .025 .032
L3 3ame b, different ¢, sams d - e, d {'[_'_"_—"""'""_

R e S UL T L I i 01191 [.030 | .0LO

A

" wn.x.l:uront by, sams ¢, sane d b ey dl = by ey d) -

" Jrierent b, same c, different ¢ [ b & - by €] & ﬁ@(, B WIVIEV Y !a/"ﬁfl

- uifferent b, diff ¢, different d | by o) 2 - Ly

< 4 01291 | ,026 ; 034

abed | sime 1, 3ame b, sanme o, diff d 1) by 8 d) - Ay By o g ﬁgc/r .02160 .Oh3 .Ogé
Ll won b, Aiff o, s 4 d - & & '6‘—_‘_‘—"‘“—_

. Jime 1) same Uy 41fF o) aiet @ :t & :} o l% :11 g dul Qr-ixind/rre RorLt:V a1 | .n&3
- e o, diff b, same ¢, same d a) ey dy -3 bpey &

" AL A, saws b, same c, 32w 4 M by d -a;by ooy

. ALL vy dIff b, same ¢, sars d ay ey - ag b ey d)

L] s o, daff b, diff e, aame d alblcldl-nlbocudl

L ML 3, same b, diff c, sama d 4 by dl"“oblcudl

" ALl a, diff b, diff a, same d A ey dy - d R _

v b saea, @t same o, Af A | a :‘l daIv :3 RS VIV RS INY -

" ALE A, pama b, 2arwm o, AUIf d 8 Yoo d) - b ooy Gy

L] ML a, diff b, same ¢, diff ¢ a; bty ey d) - ag by ¢ dg

L] 3 3, dirf b, difr ufr d 4 -

s | 3Tal snwe b, act e, @era :;Q?Z}ai-:},'é‘{:g&'g

" THEL R, Aiff b, diff e, AfL d a; ) o) 4] - ag by o dg .02236 L0LS | ,059

1 Factors avaraged at singie levals; the cthers over All levels.

2 K, dn, and B, 3 .0020 2 .0012 ., and .OO I h respactively ¢ error (residual) in whole-unit, sub-unit, and sud-sup-unit
analyses, respectively; r = & » replications; & = 3 3 levelas of factor A} b = ) = levels of factor B; (X = 2 = levala of factor 4 x levels of fac-
tor B; 49 = 2 = lavels of Iactor Cj o = 2 a lavels of fastor D.
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APPENDIX TABLE 25
CalCium, pel‘cen‘tage try waignt basis, in the follage of two planttaxa, § (Feijca sellowiana and Llgustrus japeni¢us), oo thres dates, d (Cctoter 5, 1700, md June }

1,2
~and July 21, 1961}, dus to factarial treatoents of thres lavels of muleh, A (nons, woodahavings, and woodchips, and thres levels of fertilizer, B (G, 1, and 2 1b. of calclum nitrite per 1000 1g. ft.)0?

P 1 a n t t a x a, [+
Cultural ‘treatment
' ‘f Feljos =sellowvliana & '-Ligus‘trum Japonicum cp (le{CZ)n [dl,lda/djyj
Malch, Fartillzer, $ampltlng drte D senb1ling crre P
A B 10-5-60, dy | 8-1-61, dy | 7-21-61, dy fidy / dpF d3)/3 | 10-5-60, & 6-1-61, ¢y § 7-2161, d3 [y dpF a5¥1 | 10-7-£0, &) | 6-1-62, 9, ] 7-21.61, gy
o can abcd abed abed  abe abed abes al abe abd abd abd ab
wh| W98 1 W75 1,90 .88 11,381 45611402 1 w92 13,08 |.66 | .96 | .90 |
None, ! caﬂOB. = 1.05“:‘:64__@@5 abcd ﬁ6 abel .95 abe l.ogl'{ii .;g abcd .8? hed] .8 mjnoq bd .70 bd .91 bd .89 b
w1201 87 1,90 T 199 laa2d | 667130271 W96 1022 076 T .96 T 08 T
oy b/ )3
1.08m 82 .92 O 13,35 1 .59 ) .97 1 w90 1313 171 ) W9k ] 92
vl W92 L W66 1475 _1.78 | (98 1 W6 | 72 | 72 | 95 .56 | .73 | .75
14 CaNOj, ] 1102 Ted I8]L 5 187 ‘bca*gsgo 5 H‘l‘_lo_._be_d___nh” d -28_ = -78 = 1..06 o1 néh. o LB} v tﬂh 5
e (e s | 490 1 W89 183 .87 1.3 W8 L W77 LW 1‘02.d ‘68——.4 »H0 .a 83
lz . N ac 1= AL ac g T=t ac ac as al A I 1 a
oy by £ by
Oh 179 .82 1,85 11.07 W7 | W76 1 .76 11.01 163 1 .79 | .81
o cavoy, vy | 0l _ 3 _ .78 _ .08 i o) L9 . 86 B0 __11.0h .B,L‘M W82 | B
voodentps, M Y2 96 8l .35 A8 1,08 +54 97 86 11,00 .70 .91 87
! 28 ca abed abed abed ~abe abed abed abed| abe abd atd ¥ awd| 7T ab
" e .93 acd A72 ac .93 acd -aﬁ ac Lz&ud 4’-';9 acd =98 acd| e91"¥n: 1=O%\Tk%6’Lad €96 ad '90
By #8409
L) Bed .12 &J"“BS'—EB 87 153 1%—&5’4 Bed b 17 '87—5_{—1'01‘_53 'AL‘M 0 87 1)
cpewoy vy 97 W7 (W81 1.8 11,06 L.51 | .87 | .81 11.02 .62 | 8L | .83
1# can0y, B2 11,01, 03 .89 21 1,07 #52 .88 B2 |10 1,68 [ 88 | 87
Bcd Bed] Bed Be Bed wed bed e bd td bd b
(arf apd 23| 2w cancy, v 17 QL 82 }_._82 _ 191 1 1.20 57 | a92 220 1.10 270 21 <20
cd <d| cd [ <d ol cd c d d ]
PR '
1 l.oo '80 J_86 .89 ]-.1]. -t;a l__ -89 nah 1.05 gﬁ? A88 .87_____

1 Superscripts indicate which facters are averaged at & single level; other [sctora belng averaged over all levels.
Zach value im a rean of six replications multiplied by the respective leval of each factor not shown as a superseript, e. . & value with a superzeript of “ac® is a rean of Sl observations (6 repli-
cationa X 3 levels of factor B x ) levsls of factor D).



APPENDIX TABLE 26

Standard Error of Differences (S )} and Least Significant Differences (LSD)
for the data of Appendix Table 25.

L L 3D
4 Diffsrence batueen: Measursd ast 83 Mode1? 5 .05 I .01
Mfferent & -y "E./rﬂf b .02'3'; -O)_L? -O‘SJ.L
A eferent b - % YEa/r a7 w -02 ‘ig _a L:.? nOéh
Hfforent ¢ " ‘o fer/rar w_a01R4 037 | 050
Proren ¢ "% r2Ec/rh £ 0179 035 | 017
sime a, differant b by - ay by
Affles t a, savw b -a,b / .
_urrc:::‘. a, er-.m. b by - oy b(l, EalrOF .O’.{O? .082 .110
sine 3, dutrorent ¢ T VD 0321 | 065 .CB6
;{I?:::: :: :‘::‘e:c'tnt < :'i : :.g :]6 ’& u:‘d '”Eb;sa/" LA -032? -067 .088
e 3, datiorent s n k| fage LOL38 | L086 [ 11k
e a, 9al d o d
?LE“:E:: 3, :L‘;Eerent d :{ - :3 0{1) /:'-‘Ef ~1)E, 4 Ea/rﬁfb -03h5 ’069 .C}91
3ime b, dffsrent o b & - b ay ﬁi’-b/rfl .0321 .065 .086
Mflarent b, -
D‘xrf:;:nt. b, 3;;.:«“. ° o & - :g % ﬂﬁﬂ -1)Bpf !.]/rlﬁ a 032? .065 1086
dame b, differsnt 4 & - b dg /ZE,;/n n0h38 -086 --]1}1;
K Erorens b itterent d % : E % BTN L5 4
Afferent b, sren - - 01 . o 9 091
] » .
same c, different d dy - &y Oy “2!‘;/1- ‘0?_59 -l‘;O ‘197
" . = 4 g
d.nufg:::: . ;.‘..a?;e:tnt. 4 :1 Sl V2 [(r -VEc S ]/ ar
' 1 h 0% . 20278 A055 | .07k
sime 1, same b, different e ey a; by eg Vero/rr .qu'? .:Ll?_ .lr;o
" 319 1, different 5, same e Y - & by 6]
L] nfferent a, eams b, sane a ey - ag a ay
" Aol nt, a, diff t b, a a o - 8 L) [ o
" .s\'*uc:qdlfrurmt‘;:“dlrfor::: . a ;} o - b pos CICEIVERE
" Mfferent a, same b, different ¢ | ay b &) -ag b e
" Mfferent a, ddff b, different ¢ | a3 I €1 - ag bg ¢ 0';66 llq 9 ‘;
3ame a, same b, different d a) by &y -8 b dy VT ) -05-37 104 -'!)16
3 dir t b, d a. - a; b,
;::I:e:ent :.:é:m b, :::: 4 4 :} 211 d}: - lé ';lz ?
{ » T t b, ! -
ii:::n:i;f-rent.;,mmno:::: da| ) by :ll_ - 3 by d.‘]; ﬁal "UEﬂ‘!.j/l‘ﬂf
M Ererent a, same b, differemt d | &) by d) - a5 b) dy
Uifrersnt a, diff o, different d Ly d) - A bg dg 0598 .]’19 1;8
* -
e, e e, dferent & Sh A% | o Oh8 1,086 .10
Jame a, different ¢, same d &) - eg 4y ﬁt—_—
jame a n - (F-LE A By /rXa
e 8, @t v dirferent 4 1a -mcod =m OLB1  [.096 | 127
mr v a, » 3ane d -ag ] 4
A tleront :, same 2, ZI??.,...e Il E} % - ag oy 49 S NI Y R
wiferent a, Aff ¢, different d ey 4y - a3 o dy -0118:; .096 ‘12?
Jame b, same c, different 4 epdy  -by ey dy VeEc/ra -Oh38 a845 | 11
dame b, different c, sane d b ogy 4 - by dy W
same b, diff ¢, different d by ooy dy - e dy 4 Ec ¢ th .Ohsl .096 -12?
oLiferent b, same ¢, d -byo ¢
Alierent b, poi :, ;:?;.unt E :i & 2 cli d{l_, /2&5 (& LA (B-1IE/ K] /r Ay a
Uilfferent o, d(f ¢, different by e - by g dy 0l;3¢ 096 127
wod | e, ey e, Aifd | ubma -l | Ak 0759 2150 | 397
- d
. i:: :: m t: :tﬁ :: ::’H': :i :’i :{ i}_ - 2 :11 :g d:) !‘Elr-nl.l'ﬂ/'f 081373 166 297
" sing oy, diff 4, same ¢, 3ame d ) by ey h -y by &
" nff a, sawa b, mare ¢, saw d 11 & -8 by e dy
* AL v, Aff b, zame ¢, sare d a) ey & - ag o 9y
" #ne a, diff b, Aiff o, same d 4 by o) - ooy gy
L] MALL 2, Bama b, diff ¢, same d 4 by :l-aoblcogl
. Afl a, diff b, ALl o, d & e - R
" 1M :, diff b, asame :, :i.:: da l; 'ti oi di' - ;? 2 :Ul d,,i ﬁ[ﬂ(l"-l)lcf (21184 lgfrﬁ{
L] ALE A, same b, aarw o, UIL d M by d)maghy 0 dg
" ILEL a, dALL b, same a, dAff d '1“1"‘1.:1"0"0"140
. ¥ , diff b, &ff e, -
L] u;;;:,aaﬂrob,d.l}f:,ﬁggg :};1%%-:%??%
L] ™MEf A, AL L, ML e, ALL 4 8 by ey d] - g g e i .08,_'0 .167

2222

1 pactors averaged st aingle levels| the others ovar all lmh

? Ry, dy, and B » .0298

s and

analyses, respeotively; r = 6 = roplxo-t:lonng azle ].cv-h o.t‘ fa
wor By 44 =2 = levels of factor Cj o = 3

H

# levels of factor D.

respectively » errowr (residual) in whole=unit, sub-unit, and sub-suv-unit
A} L m )} = lavels of fastor Bj 0{ z 9 2 levels cof faotor A x levels of [ag.
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APPENDIX TABLE 27

}Iaglesimn., mmentage dry weight basis, in the feoliage of twe plant taxa, C (Chrysanthemunm "Arlora’ and Chrysanthemg 'Chris Colunbus'), un two dates, ) (U 2 and

and July 2,

1944, dus te factorial traitments of thres lsvels of =ulch, A (none, woodshavinga, and woodehips), and three lovels of fertiliner, 3 {0, 1, 2nd 2 1b. of calcium nitrite per 1000~an. ;n;.)]"2

Cultural treatrent, A# B

P 1 a

o t

% a x .

f <

1

Superserints indicrate the factars that are averared at a single level; other factors being averaged ovsr all levels.

Chrysanthemu *Arlcra’, ey Chrysanthemm ‘Chris Colunbus, ¢4 (cl" ep)/2 (dl; <5 w2
S anpling d &« t o, D S a'apling d a t e, ol
Muleh, & Fertiliser, B 5-260, 4, 7-260, 8 {dy/ dz)/2 5-2-60, d; 1-2-60, dy ()£ 8,)/2 5-2-60, dy 7-2-60, dg
abed abed abe abed abed abe abd abd ab
ofcany. ™ | ,263 — ‘328153 296 = 208 —— 3‘50 279 - .236 - 2339 _ .288 -
e +292 abed .328 6ed 310 ate 232 abcd ‘Ti'l s—e2Bl— ane -262 +332 bd 227 b
None, a3 2# CaNOy, by _.262 3 - 327 i .29)_1 = .22_1_;5? —‘ﬂLffcd .282 = .2112 < . 33}_[ 3 -288 .
(by 4 by # b3)/3
272 1,328 | 300 e22LM .‘un 282 217 e335 1,201
e | 383 | 83 | 183 {1751 237 L206 | 79 .| ,210 "l "9y °
petr 2 1.162 bed +233 abed «198 abe] »180 ahed +253 abed o217 abe 171 a5 +2h3 abd 207 ab
e i e 31]!—5 acd .22576'—.'18_5—36'—— i 627?‘°252 acd 620? ac JS} ad =93q ad 1 96 a
by £ %74 b)/3
Y 1 ass 210 .89 A72 247 210 168 23 ,199
abed abed abe abed abcd abe abd abd ab
N-' Ca0y, By .lh3 i .213 T5cd -178 4 .17'; = -2 3 s 1209 o .1'59_ 0228 = 119]1 5
et Lt | w227 | 87 0 s8] 228 | .93 | .52 | 228 1 10
Woodchips, a3 26 Ca¥ly, by 167 _— .250 - 208 - .lSL — 280 o 218 - .162 5 ,_265 - 9213
(5 £, 42
Jel52 - bo.230 1 191 1,163 L2511 207 A58 | 20 199
0 caxcy, ¥y 6 186 | 276 " 9 | o5 "
S R PN TR 'Zhl—m——*m—‘ﬁ P bea|  * zé—mf'zz‘lﬁsz “""191—1;{“"25 1] B S .
i dapn e 1,200 b ,263 1 L2311 90 | 273 229 .95 L2681 231
2% Candy, by Jo1 ,,f.zé'z,?,,A.229___.c____. .183,__?_,291 _ 236 186 279 1 232
{by £ by 4 by)f3 .
U taes | L7 L 227 85 | oos0 o233 1 191 [T269 1 230 |

Tach value ir a ~ean of six replications ~ultisl’ed by tha resregtive level of each factor not srown as a superceript, e, g£. a4 valne with a supersering of "ac® ia a rean of 36 obueﬂations (& rep-

1ications x 3 levels of

factor B x 2 levels of factar D).



APPENDIX TABLE 28
Standard Error of Differences (S3) and Least Significant Differences (LSD)

. for the data of Appendix Table 27,

02185

| . . L 30D
Itenl | |  Differsnce betwsen: } Measured as: 57 Model? f L2 | .08 .01
a ‘Afferent & LY - &g & /A b -007311 -015 ‘0
> | mfferem " i Arrors £0073L | 015 .02
¢ Afferent o ey - ey VEg/r oy . .00h28 -009 ‘012
< | Afrerem ! ~ 2y L00509 | 010! 013
ab Jime a, different b x) by -a) by
" Hfferent a, b Al b -a b Tl
" Jifl‘:;::t. ;, ;:;:’ermt b ai b}_ - Ay bé Eatr AL .012?2 .026 -03L|,
ae $me 1, different ¢ ay ¢y - 8 og /T i b ’007’42 .015 -020
t | Riievent a, derferent ¢ a2 NS NI 00902 018 .02k
F 1 L. = A
s | s e o whna | fagm 01247 | 025 032
" Asforent o, d - g d
- -Jll'f.::":n: :, ::.;;erent d :]l_ g]i - 8 d(]:, ﬁ[’-l)!,;/ la/l'ﬂl’b ,00963 QOQO .025
he Jime b, different o by & - b oo m OO?LQ ‘le ‘020
" .8 8% t b, - {—-—-———_——————-
. ’Jif[:;::t b, :?x"o:ane o g{ :11 - R_) % JEENY !-.]/rlﬁ s 00902 018 .0211
a [
| S b et ] A Thw o/ 01247 | 025 032
n DMIferent b, ¢ T
n Afrerent b, different d gl,_ 311 - by do AR ,00963 020 02
L
i | e e ditreron 4 wh nk | Ve 02160 | ,0L3 | 056
: if‘f:::t :’ :.:-;:‘c::out d o :1 : :U & (3144 -l)!cll:b]fr ar
: B o 006658 | W01l | .018
sbe | 4i1me 1, sae b, different o a4 by 6 - by ey ZEn/er .01285 .026 .035
" 3118 1, differsnt b, same & DRI - ay by o)
" Jhflerent A, same b, same a L :11 o - a0 E ey
. fierant a, different b, & x ¢ -ay by e VTN TR
* ﬁ*oc:“:i;fermb’::ndltﬂr::: el amer ey toes 2[4 -Vey/ B /rra
v vifferent a, same b, different ¢ | a3 by o1 -agly e
L] Affurent a, diff %, different o | n) by o] - ag bg eg .01563 -032 .th
abq Jame 2, same D, different d a) by d) -ay by dy /2Sc/rﬁ i .01[;27 .O?O .O)_LO
" same a, dilfersnt b, same d & by dy - bD
0 Uiflrerent a, same L, same d 4 & b gy - Ay ::10 p
u %1 , different b, Same a -
. ﬁ:arnai?hrem';:ndlnormt d l}_ :ll gi - :i 5 d{l) 12{ (F -10EcF 2y e Bl
" viflerant, &, sane b, different d | &) b o -85 b) dy
" Uifrerent a, diff o, different o a) by dl - 8g bg dy 01668 033 Ob)_l
F 1 F Y F
acd Sine a, same ¢, different d By oy d BETETIE ) m -012117 -02 q 0_32
" 5 B t e, ma & d - d
Ll e al dir e, ditterent 4 o R i R YOI 0112 023 | .00
J— Y n
" MLTarent a, same ¢, same d LY . ag o1 dy
" Ailerent n, same o, different d [ &) oy &) - 8g ¢ d; /2[5 (F-1)Egf (4100 / Rg) /e AT
n vilferent a, &ff ¢, different d Ay ey dy -0 4 -01262 -02':; 0?2
bod | Jame b, same ¢, differsnt d byeydp  -b) e 4 PEc/ta .012h7 .02; .032
" 3 , dirs t e, d - g 'ft—-—-.—
B e e e R R e T IR IS 01152 | .023] .030
" P 9% ¢ t b, L ’ d ey o - e d
B m:‘;‘z:::t by :a:: :, ;1.?1-‘-"“ q lL:l]' oi ! - % ci d; /2@ (4 -1IE A {8 -1)Bp / EE]/!'A'!!
" vifferent b, diff c, different d } b & 2 - by cg dy 01262 .OZG 032
abed | Lsame i, same b, same ¢, AL d 3y oe ) -y by g ﬁsc/r .02160 .O)_,LB .05‘6
" ’ aLL e, d a4, - [l
DRTEmTER LAY [Ehnt s Aowan, s199t | oh1] aea
[ Ane 4, Giff D, same ¢, Bame d ey -ay by ey g v -
" nff a, ag-e b, sang ¢, sam d oo -agly o dy
" AL v, dff b, same &, sane d A by ey - Ay by g
. avw oa, diff by, AL g, same d ) byoey ) - by ey gy
" ALL 3, same b, diff e, sama d ll"l’l:l"ﬂ"l%gl
u Afl a, diff b, diff o, sams 4 & o - _ o -
. 31me a, aift b, lmu:, e d L;Eoid{'-:?;?gdé ﬁ[ﬁ(r ”30’”’ ”‘b“a/ B
- HEL A, same b, sorw o, AL d & byooy d) - ag b ooy dg
- INCL &, difrf b, same ¢, QIfF d A by oy 4y - &g by 0 dy
L] 5 N b, fe, ay -
D |amrannanodny | nnaainyas
" DL A, dSff b, dffc, GIF A | a) by o) d) - &y by eg dg

QLN

H

alyses, respsotively; r =
tor ; 47 = 2 = levals of factor G /"

% replicati

1 puotors averaged at singie levels; the others over all levels.

Ra dy, and By = .001?,_1 ’ 500099 » and IOO O

@« levels of factor D.

respectively # error (residual) in whole-widt, sub-unit, and eab-suc-unit
] = 3w lavels of factor A; b s 3 » lovels of fmotar O; (4 = 9 7 lavels of fagtor A x levels of fac-
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Ma-gneSiu.m, pe!‘centage dry weight basis, in the follage of two plant taxs, C (Feijoa sellowiana and Ligustruz japonicun), on three dates, J {Ochcber 5, 1900, wd Juns 1

-

APPENDIX TABLE 29

1,2
~and July 21, 1961), due to factarial treatoents of thres levela of aulch, 4 {none, wocdshawings, and woodchips; and thres levels of fertilizer, B (0, 1, and 2 1b. of caleium nitrate per 1000 3q. ft.)™*

Cultural treatnt P 1 a n % t a x a, c
l 1i0 Feljoa sellowilana, ey 'ligun.trun Japonicun, ¢ (ely!cz,)/z (dlgdzgﬁj)@
Malch, Fertilizer, 2« pl it ng d &« t o, D S a2 n L 1 i n g 4 8t 9, D
A ? 10-5-60, dy | 6-1-61, dy | 7-21-61, d3 f9y 4 dp# 93)/3 | 10-5-60, & 6-1-61, dp | 7-2161, dy |(d)/ 9p 4 ¢3)/3 | 10-5-60, dy | 6-1-61, o | 7-21-61, dy
i ed abed abed [1° abcd abed & abe abd 250 abd ay
pon | ,36  1a2h 229 .30 .29 20 W32 .27 W33 [a22 31 .28
W candy, by ahed abed abed abe abed abed abe abc abtd abd abd [1)
' 32 -2h .29 A28 129 ’ .22 ASO J_Z? A31 -21 A3G A28
Nonm, 2%ed abed abed abe abe abed abed)] abz abd abd abd ab
n il i 639 .25 - 129 e le = .33 = -26 y n38 o -3_2 = .36 o -26 o 033 = n32 =
i by f ol
036 Ogh 129 0 l31 23 -33 -29 133 .21 n3l -29
» abed abed abe abed abc abe abe atd abd ~ aod - ab
cuoy, by | 31 8 %HA.& 2B 16 _bcaw_.za a2k .30 L7 126 i 2k
1 Cax03, b .29 .20 2)4 . L2h 131 116 129 n26 30 -18 .21 .2;
Woodshavings, | 29 caroy, h3 26 19 abed 2‘1 al 21 abe ?] abed 1 abed) abed abe abd abd abd ab
] r- Y ' - o 1 ;HE 326 _%_28 %1& 426 -2h
ap aad acd| acd ac acd acd acd 1. ad ad sd a
(o /by d )3
29 abed -19 abed 2L T 'ZLTE_";O abee 16 abod 23 abcd 25 abe 29 s 22 abd .26 i —2l ab
o can0y, by | 7D — JA7 21 o2h el 1,17 1 .29 2h L L3017 1,25 | .2} b
weao, | W2l |18 2 1,22 1,29 ,19 Sl 1,26 27 19 .28 a2l
Voodchipe, 2ed| abed ahed abc abed g atcd ate atd Y] % abd b
. o0y, vy | 26 23 22 .36 023 33 .31 a1 2o 28 26
3 xed ac acd [ acd scd| atd| ac ad ad ad a
By f b/ 2
28 117 ted n23 - 123 = nn = n20 n3l 5d -27 % A_29 = -18 — -27 = .25 5
et ™l 933 119 025 | 226 1,28 .18 W20 1,25 L3118 27 W25
bed bed e bed be bed, e v bd -] k)
Weaidy, b2 | 429 .21 26 o258 1,30 .19 .30 26 29 1,20 28 26
: Ted 13 bed B bed ” bed bed] be T 7] 1 b
(arfapd a3 2oy, vy | 39 _ 20 . «25 - Agr’; _31! ] 22 . .33 . .30 _ 32 ; '21——.:“*‘2"2 _ 27
oy £/ By £ 593
S ) 25 .29 1.7 20 31 .27 1 1,20 L8 .25

1 superscripts .nclcate which factas are averaged at a aingle level; other factors being averaged over all levels.
2 zach value is a rean of six replications muitiplied by the respective level of sach factor not shewn ap a superscript, e. g. & value with a superseript of *ac® is a mean of ©L obsarvations (6 repli=

cations X 3 levelg of factor 8 x ) lewls of factor D).




Standard Error of

AFPENDIX TABLE 30
Differences (S3) and Least Significant Differences (LSD)
for the data of Appendix Table 29.

eh-%-‘ﬂk'noo l

w levels of factor D.

averaged at single levels; the others over all levels.

é 75’. .0039?7 s and .OOlh?B respsctively = error (residual} in whole-unit, sub-w.lt, and sub-suv-unit
analysss, respestively; r = & = replications; & = 3 = levels of Laotor Aj U = ) = levals of faator B (A 2 9 % Levels Of [actor & X levels of [ace
tor B; & =2 » levels of factor G; /" w F

3 L ) , ’ L 3D
Itanl i DAffaTencs betwesn: Measursd aa; 83 Mode1? | 33 05 .01
a ‘Alfereant & LY - 8y "E./rl( b -OO62 m 02
D foremt 2 v ftufrora 20062 L1 .02
e | etoren o o X o »| 20070 |.0L ; .02
d Hifarent d dy - dg Ty - ong? 01 01
b H , diff tb b -a -
* I;fq;c:ent. a,.::n" b :J\: bwL - ai :'f m
" Jiflarent a, differant b a1 - g by .0107 .02 .03
ae sme 1, different ¢ ay € - % e m -0121 -02 ‘O 3
- AL y N
i ;1:::: :, :::'e:vnt ° :i :} - :3 :10 | ’L"IP’ -I)Eb/E;] frisn .0106 .02 .03
ad S1me 1, differant 4 ay dy - &y dy ﬁi_r_?;b_ .0128 .03 .03
" Asfurent a, same d a - d
- Mircrent :, different d l}_ :} - x d(]:l ﬁ Ef-].)&,_._{ Ea/rﬂfb 00097 002 .03
be 3ime b, dfferent o LY - b 8y E;/T_f'— .0121 .02 03
» Mfferent b, =a -
" meforent b, dif erunt o :11 2 - % % /‘t’ﬁﬂ “LEp# l.]/rm s 0106 02 03
F Y Y A
bd Jame b, different d & - b dg /nc/" -0128 .03 .03
" Differant b, same d b & - o dy
. M fferent b, different d b4 - by A Vel(r -8 ix]irar 0097 02 .01
ed Jime c, differant d o1 4 - ¢ dy m .0222 .0)_[, .06
" ffe ’ d -
" Jmiffe:::: :. ;;r;;.“l“ d :i :i - :g :é 2 ("1)&7/“::]/!“(
, ol 0093 1,02 | ,03
abe dime 1, same b, different ¢ ay by e -a) by oo fz_gb/r, .0210 .OJ.J .06
“ 319 3, different b, sane ¢ a b o - &y by o)
" hiferent a, same b, sanme 8 a) :1_1 o1 - a9 :2; 0y
[ Alicrent a, diff t b, same o | A ° - a8 e /—"_‘_'_‘_'—
- _‘nw“:qdi;rermt.::ndithnnt ] lli n e}_ - & bg ag 2[(5 Lo/ EJ/rrﬂ
" Gifferent a, same b, different ¢ | 2] I o) - ag by oep
- Juffurent a, ciff b, dlfferent o [ 81 1y €) - a3 bg e .0183 QOh nOS
lbd: jane a, same b, different 4 a) by d -8 by dy kﬂc/rﬂ ' .015? .03 .Oh
" » a, ditterent b, same d d - b, Y
" m:emm a, n:n h: pans d :i q d;' - :(l) bg :
" £ t a, diff t b, d ] & -
" iuou:nm;ronmﬂb:ndan-:m ¢ .i 211 g& - :(1} :8 d[l, 2y VAR /e BT
- vifierent a, same b, different 4 ; &) 0y d) - 8 :1 dg
u 'y b, diffy d d -
Uitrersnt a, diff b ffersnt a) by d) a5 by dg .016? .03 .Ol_l.
3 R y A4LT t d d -
acd Sdne 4, Same ¢ eron a) o) dy ap @ Gg m -0128 -O"] -01
“ iame a, ALL t o, same d ¢ - a -
v | Gome 3l st e dttterent ¢ Qa8 I2TE | AT R ers L0160 .03 | .0k
" iN{Terant a, same ¢, same d a) & & -8ag el
" Hilerent a, sane o, different d | ay @y <& -ag ey dy /‘z_[ﬁ (F-1Ee 4 {# -1 0%pf ;.]/us;b
o Wiferent a, A c, different d | a; ¢ d) - A @ dy .011—‘9 .Q3 .OLL
bed same b, same ¢, diffarsnt d by € d) - b 8 dy f2Ec/Te -0128 ‘03 -O?
] 3ame b, dAflerent g, same d bl L1 d']. - bl °o dl F-LE Ay /rda
A b drfe affeetd  (Mad -G wb “ L0160 .03 | .0l
" ol [ t b, e, sane d c - ey d
" uii-;-::::t b, ::.:: €, gg-mt d bbll e; g - 38 c}_ d:, /?E3 (£ -1)E 4 (8184 ga/r‘,.
4 iffe, By . ergnt d - c
uiffarant dff e ron n o by, co 4y .01h9 j03 .OL],
1bed | jiwe 1, same v, same ¢, difrf d ) by o -ay by 6y g ﬁgc/,- .0222 -OJ! -06
" 3 R b, dff @, d 4, - /;-—'-——-
ﬁ:?,::::b. aier o) aier d :i E:{{ﬁ}%?ﬁ&‘, Qor-1merngdsire 0277 .06 .07
" se oy diff b, sama ¢, same d ey d) -3 o g
" MHI{ a, sA~e b, pare ¢, 3am d a by -ag e 4
* JTE v, A4IT b, sama ¢, sarme d ay b ex &y - ag by ep <)
L] s 2, diff b, AL ff ¢, same d M b ey -ap by ey
. MALT 1, same b, d4ff c, same d ‘1"1'-‘1:1"‘051"0‘*1
- AL a, diff b, QLIS o, d - d
. S1e :, diff 1, same :, d..:?rd :}:11:{‘1%-:?%2.{} ﬁ[‘“‘”"ﬂ“"”‘h/'ah‘g"
" HLL a, same b, sAne o, AULL d L T T
" ILEL a, diff b, eame g, diff d 8 b ooy d) a4
. N v, GAfF b, MFf o, UL d ay by o) 4y - &) by o dg
- IMff o, sane b, diff ¢, diff 4 ‘lbleldl"oblcudﬂ
. HET &, dAff b, diff ¢, ALf 4 8y by oy 4) - ag by oy 4 02 1:;9 .06 .07
! pretors

138



6¢T

APPENDIX TABLE 31

M'anganese, pal’tS pel' rﬂilllon dry weight basis, in the follage of two plant taxa, C iChrysanthesun *drlori!' ind Shrysinthenn 'Chris Colubus'), on two dates, J {1y 2 and

and July 2y 1900}, due to fdctorial trsitments of thres levels of auleh, L (none, woodahawings, and Woodchips}), and threa levels of fertilizer, 3 {C, 1, =nd 7 1b. of ¢lciun nitrite per 1000 sn. f‘--)l’z
. P 1 a a 1 t  w x a, c o
Cultural treatment, A/ B —1
Chrysanthemm 'Arlera’, Y Chrysanthemue *Chris Columbuas, <y {ey 4 °2)/2 (dll dz)/z
. S a apl Ln g d a t e D S a'npling d a2t e, D
Mulch, & Fertilizar, B -
5-240, 4 7-2-60, 4 (417 9)/2 5-2-60, 3 1-2-80, a; {d; £ d;)/2 T-2-63, 4 7-260, dp

orc abcd abed T abe R P abd a b

B 19,17 sal __1_9_-1};&‘?“):12!;1 =t 8 W_S_t _55:)42 o — !LYJ_EQﬁ 57.08 - 52,29
a & al a ab

wewss | 90483 1 504831 50.83 | h5.00 6&.5_0 | 53,75 _| U7.92__| 96.67 52,29
al a a abed abd abd ab
fenes 11 2o | 15.83 | 58433 | 52,08, | 52,50 __,_.k?h.lT.w# 63433 ._h9 A7 66425 | 57,71
acd acd | ag acd ad ad [

(b /By # b3/

| | h8.61
REETRIT

O# CaNoy, by

(5 £%,4 633/

(b £ b, ¢ by)/

TN
1- : <Teo3— u by

2+ Canby, by

12,50
15,00
1111-72%_&

_J-l,-loll-lL o

ib) £ by 4 by /1

I SN 1 1Py ,,1 52,00 1 b8.38 I 12,31 | 65,09 1 83,70 i k3,52 [ 58,56 1
1 Surerreripts nmdltate tha fat:‘.ors that srm aweras:d at a s.gle level; other factors being averaged over all levels.
z Zach value ¢ a -ean of six replizaticrs —all l zd b toa rescective level of each factor not sko‘m as a superzeript, o. e, a value with a suparseri~t of "ag" is a

licat.ans x 3 Cevels of Tactor 8 x 2 ?n els of factor Y.

r abe
17 CanGy, by 142 .50 L 55.153“@
Woodshavings, a7 | 24 Candy, by -hl‘é‘l'*a:d _S? nSQ?cJ

13,06 |

0# Calidy, b1 _).10 83
et
_ljc‘%_?%ij 10,33
Voodchips, a4 24 CaNidy, by

g8

L.

- _h5.83
_53.06_.|
57,02 |

50.56__,

| 0.60 ]

. JLS.DD,,,M_
,%_19.17 _

19.58.77 )

16,67

3| 50433

50,83

hr.92 L
L k208

- 1653 |
| hsu2 L
L8.89 ]

157,50

0. 1 87.92
L 53.06 1

a.__..h.'? .O&.a_ ,
1 h7.92 -

SL50.56 .

| L7.92 |
5333

- 5.6.61,_ _

G0 S

3671_ ho. 00

18 .l9w
_h2.2
R 75

]

01,39
JLO.hL,
3940 _—
_h3. 33__

Lot
_,h3 2HL

Lt

5o
[ 51,67 . 42,78 |
59,31 |

JQ.OL_
150,00

2

ab
L6, L6

"l 6u.es
™1 61, S0

_LB»H—.__

| 51,25 |
| 53.75

b 50.h9 |
‘h,h,SEL_
Lh7.29

6!L.;L'L_
| 56,11

57,78
65,97

ab

,ﬁSL‘ZS ]

ﬁhg oSh——T
- L7.78.
50,28

55,07

210k |

mann of 35 owcervaticns (6 rep-



Standard Error of

APPENDIX TABLE 32

Differences (S3) and Least Significant Differences (LSD)
for the data of Appendix Table 31,

r I L 3w
Itarl i Differenca betwesn: Measured ma: 33 Model? 1 kv F‘ -05 X -0l
a ‘4 ffarent & ny - ay yzEa/rlf B l.SL .TO I }.}. 89
o | frormtd h o fErors 1.80 [ 3.701 L.39
e Nfferent c < - e /2—5;/"—"‘7 . 1-1 79 2 .?g { .5 ] 8
1| crerant d % % Facfa s 1.295 | 6,23 8425
ab sivs a, different b ay by - oAy by
" Mflorent a, save b a); b ~a, by ,EFa"r,ﬂf
" silrerent a, dilferant b a3 - ay by 3 .lh 6.)_.'3 8 .).19
E e 1, dirr L -a ™
Ae Ame 1 srent ¢ a) ¢1 1 98¢ m 2.0!12 ]_J_._,:_ 5,50
" nes % 2, sa%e a) ey -
N n;r:::t a, d.tt:e;ent. ¢ n:lL e - :?_. Z}, ﬁﬂ_‘/ﬁ -1Ey £ EB /risn 2 72 ‘L.L F)q 6 26
A A A
& dimg 1, difierant d ay d: -3 '
N EERE X L% e 3372 16,25 3,25
n.fvrent a, aatme d a & - ag dL
aE R Y N T s 312 | 6.30 8.2L
be Jime L, diffaerent s b o - by oeg m 2 00h2 )';.11 S-SO
" “iferent b, same ¢ by ooy - by o {
. THfforent b, different b - 2{(A-1)EpfBa|/TiB n
oren erent ¢ . o W e E 2‘?2 I_L.éS 6.26
bet 3170 b, different d Y - b dg /'egc‘;;: 3-1?2 6.25 8&5
" Mfferent b, same d d -y &
" urz::ne. b, different d :lx & - dy lfzﬁr -l)zelz;]/rar. 2 11 82 6 36
P » »
o sme ¢, different d 4 -c
° i e L Vore/s 5.L95 10,83 11,29
" irg . d - TS TR |
om i‘irr::::t :, ::;;’trunt 4 :,l :i - :t :; 2 Ef ~1)!c/5b:]/r ar \ 2 ‘ l 4}
- 107i 3 05 [_diel)
aby iime A, sima b, different ¢ a by e - ay 2 B e i
© : - bl :\/ jgﬁ:}é l ? R 3 q .gz
" 1 1, different b, sams & a8 b & - 4] bg 0)
" sifferont a, sare b, sane o ay b o1 ~ ag :3.0 ey
M Alicreny a, different b, same 0 | a) b e - aQ ey TR
" .)'\“JCI:? 2l fferent ;Tnd.trronnh ] l])-_ 18 ct - ay by eg ZE(” LY E‘J/r ra
" Mfferent a, sane b, different ¢ | ay Iy & -8y by e
" Klforent a, diff b, different o | a1 by ) +~ &y bo &g Ll 02 B lq ]_O R‘;
abc 3am0 a, same b, different d a; by gy -8y b‘L 4 lzﬂcf‘rﬁ | j;p'86 i ? .66 110410
" & a, diftsrent b, sams d d - a, b, i
" D;:gf”;m a, sa:l b, same d :% tll d:' - ﬂé g? ;:11
" I t alfr t b, s d] a -
" hﬂ::n&;;orant'z:“diner:::. d n} ::11 :’} - :‘i‘ bg d,j [2[?( -1)chqlrﬂr
" uvilierent a, sans o, different d | &) by & - a5 b, dy
" Liryerent &, diff ¢, different d | &) by & ~ ag by dg ,_l. - ? q 3h 11 O'O
§ o Me .
aed 178 a, same ¢, different d 8y 8] &) - 8y £y :0 m ,*-172 6,25 3,425
" Jame a, differsnt ¢, same d a o dy 4, cg dy /—E-————-:———
" sama a, diif c, differant d a) c) 4 ay cg dg 2 \,’IJE\':"LEI/“’! 3.22 6.}4’6 8.53
" inl1erent a, sane e, sane d aaad  -age 4
" Mrlerent a, same o: diffarent d l} ey oy -an e &y ﬁ[ﬁ (@ -1)Bg f (A 1B/ E.J/rﬂd’b
i Afferent a, diff ¢, different d a) oy dy -ag e 4 3.11)_1; 6‘7] 8.95
bed | Jame b, same ¢, different d by ey 9 by ey dy Ec/ra 3 172 6.25 8.25
" mae b, differant ¢, same d - e, d 'fC‘__—'-"‘—-—_
[mnsEriesn (388 cngs Ao 22 606 853
" iferent b, same o, sarw d ¢y d - by ey d) [ A
" m:';:;am. b, same c: different d tll c; ﬁ - by ci iy /?[ﬂ (7 -LIE A (B -1)0 4 zg/r‘g;.
" ifr i " -l
vifrerent b, dLff ¢, different d | by o) , €0 dg ’%.L'},: 6.7? 8.9S|
abed | sime 1, zame », "ame e, diff d by ey dy -y by oo Ay | e/ ‘;.}_19'; 0.83 lb..?q
" e oA, same b, Alif &, stre d 2 d, =81 By o8 O F—‘_*——'—'
" e -'I: sa~e b: dif e, aift y I{ E :}‘ d;_ -8ty ) G"n‘a"|a/'1 ngi 10.".:).1 .13.01._
" S8 1, dUff b, same ¢, same d ap by ey -a) by ey dy i
" ifC A, sams b, sana ¢, 33w d on e d o~y ey dy
" ALL o, diff b, same ¢, sane d a M oel o -ag by e A
" e g, diff b, AIL &, same d &) byoep g -oay by gy
" ML 1, 3nma b, diff ¢, sams d a) by ey dy ~angt egd
L] Af a, diff b, 4L o, same d L3 ey dy - ey d - _
" 1 w1, diff N, sams ¢, dff d l}.:l}_eid]l. -:Y&eld:i Fe{Bir et (B-mei Ty /r 87
L} ML a, same b, sare ¢, dIff 4 a b °ld1""‘0b1°1 d
hd ML a, diff b, same o, diff 4 a b ey d) - ap by ;) dg
" oe a, AL H, diff ¢, AL d dy -
" ‘;U'?‘;, an7e b, dirrf:, diffd :}E‘Qd}-:},i‘l‘i‘gig !
" MEf A, difft b, ff ¢, A1ff d ) b o) d) - Ay bg o & 11.88

5425

15,19

1 Pactors averaged at single

2k oy and 2w 168,61 .

vor I; /3 = 2 = levals of fastor C;/

levels; the others over aAll levels.

75-02 + 90.58

respectively ® error (rsstdusl) in whole-unit, sub-unit, and Sud=suv-unit
analyass, respsotivalyj r = & » replications; & = ) = loveln of factor Ajb = ) o levels of factor D; (X = 9 2 levals of lactor & X lavels of fac-
« levals of factor J.
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APPENDIX TABIE 33

£ g
b:anganese, part.s per million dry weight basis, in the follags of two planttaxa, C 1Feijoa sellomana and Ligustrun Japonicwn), on thres dates, J (Cetcoer 5, 1700, 1d June 1

-and July 21, 1961), dus to facteorial treataents of three levels of aulch, A {none, woodshavings, and moodchips, :nd three levels of fertilizer, 4 {0, 1, and 2 1b. of calciun nitrite per 1000 1g. ft-)]‘ 2

P 1 ] n 1] t 2 x a, c
) Cultura: treatoent
/3 Pelijoa sellowiana, ¢y ,Ligus‘trum Japenilcum ep (clxcz)/z (dl’{d'é’{d}yj
Mulch, Fertilizer, $e2pl2ine dete O S.lein‘ arte B
A B 10-5-50, & 6-1-61, 4y 1-21.61, 4 dlﬁdgidj)/J 10-5-60, dy §-1-61, dy [ 7-21-61, dy (ay £ ¢34 4303 | 10-5-£0, dy £+1-61, d, 7-21-41, a5
shed abed) abc - abed a 2 a ) F) P 2
@ oo 5 65,0 68,3 | 46T | 5647 130.8 [30,0 ] §7.5. ] 72,8, ] 97,9, | Lha2. | 52,1 | 6hT |
- 79,2 15,0 1433, |95.8 1103 1333 | 18.3 | 65.0_196.2 39.2_| 5.8 | 60
E o 75.8 prT 5'1_.5_&_511&}?&_51..1.?,,190 aa—ca “‘35%*118’3':65—31'7'3@ 133’15*136‘?_5‘" 942 Ta“”?ﬁ 'hﬁ
(o1 / by £ a3
73.3_ 1 53.6 (L6,7 1579 _11hS.0 33,0 | Shehi i 76.5 1109.2 i h3.3_ 119.0 | 67,2
E v e 72,5 | L0GS [ 6.7, 153.3 1100.8 128.3 | 19.2 s | 86,7, 3hib, A

Yoo 2 301,7 L 1;343 iy u.s bh.z..:sa_zus_.o?,‘ m.c;_h 7.5._1108 L,123.1_..J8.3,\,Jd.5 860
st |24 cooy, 0 | 66,8 h8.3 J.LS#L 53,1 _[211,7 128,31 18.3 ﬁé.l,laﬁ.ﬁ. 38,37 167" ?h.é_“_i

L7 ae acd ad ad ad

CY AN

80.0_t Lla2 _Ll6ul[56.8 [185.8_130,0 |18.3 ) 881 1329 laza Ll | 92

renn | 57,5 1135,8™ 1,7 28,3 ] 7587 (2708 T M2 ] hosa| GbaTl AL k2.9 | 63.8

oo, 12162 [ 12057 15,8 38.3m h2,2 "} 79,27 13147 "1 5.7 | Sha? | 60.8 1 38.8 "1 1hS.0 | k9.2 ]

. 24 canoy, by EB_.jH L5 8 h8.3 - 50.8 ‘CPTJ_;.Z_“__J lLJTd__hﬁ‘ﬂ - 51, 1.: 6A,2 _ 39,6 ] L7.3 'd 51,0 m
(o4 5/ by/3

f’LB_&Wzs;&M 42,8 STl | 76,0 1308 S L7,2 1 61,5 16L.6 163.3 15,0 | sh,3 |

o7 ] Ca.\jOa. 11 S D «—_’13 -3___115-0 767218 _10? 28.6 5‘0,3 60.5 8 7!8 63 05 2‘7.6 61.6
—red Bed “Eed] I ] td B
ﬂﬁ}—'i—ﬂlohﬁ&a-—hh o7 o h}c ]-—E&-—S)-Lol—— J—h S B—&d

32.& hsz.z_ 7;.9:110.1 3&LJ1§L1___.6510 b

wafrat il o, 68 7 | 606 17,8 |88,0_ (1989 132,51 LT.5 | 80,0 [102.8° | W15 | L2.6 "] 67,3

cd| c cd

(by £ by £ b33

168,77 157.9.1LS.3. (57,3 [235,7  [31.3. [ 19.0 | 72,0 [102.2 iLho6_ |U7.1 6,6

1 Superscripts ndicate which factars are averaged at a single lewel; other factors being averaged over all levels.
2 Zacn value is a -ean of six replications multiplied by the respective level of each factor not shewn as a superseript, €. z. a value with a superscript of “ac® is a rean of L obsarvations (& repli-

cations x 3 levels of factor B x 3 lesals of factor D).




APPENDIX TABLE 34
Standard Error of Differences (S3) and Least Significant Differences (LSD)

for the data of Appendix Table 33.
L [ ’ . L 57D
Iraml i Diffarance batween: Msagured as; 53 Mocel? I R 05 I ol
a Afferent = ay - - ag {5&./:-;( b 7.0 ]_h‘ 3 ‘T 30
I ELCLX > - % frlears 710 [1.3 19,2
c Afferent ¢ £y “ €y ,22_5/.: o\-f . 1—5‘98 12.0 16.1
d MITerent d 4y -dg VEc/rh 8 6_ o0 12 ‘.S 3 F\n
1t sme a, diffarent b Ay by -8y by
“ rL['J.‘-urent. A, save b 4y b - a, by JEEB)’rﬁr a
u Juflerent a, different b a3y ', - ag by 12 .30 2h./ 33 o
ae Sime 1, different o a) &) - 8 og {ZEb/r[b 10.35 20.9 2?.0
" nly t a, s a; o g e)
' .!i.'t:::t a, d_';":‘exc-ent e n}_ 'é - a5 ep &ﬁ:f’-l)Eb/Ea/r)'Ab 10.20 20.6 27._5
ad Jime 1, difrerent d a) dy - 4, E‘E‘.c/rb J 5-92 31.)_', }__'ll_,b_‘
" Aiforent a, sams d a - d
" ..'ir:;:-':nt n, d!.:"?erent d ﬂi :11- - % d(I; '6 Ef—l)!cf E;]/r,dfb 11.61 23 .2 30 .6
be Jime b, dfferent s b oo - b ey /QEb/rr. 3..0 .35 20.9 2?.9
" W flerent b, mime ¢ b oo !
S| Y Sttt o nea  cwag | leanin]iees 10,20 | 20,6 | 27.
bd Ji-e b, different d b & - b d /zgc/r‘ ll;.o? 31.)-!- )_Ll. R
" M fferent b, same d Mot - g &
" : - 2 ~1IB ARy i/TAr
Aflerent b, different d Y bo do lf[- B .j TAL . 11.61 D 3.2 30.6
o ane ¢, ddfferent 4 8y dy - oy dy ngc/" 27,57 SL}QS 71.
" Jifferent ¢, soane d 1 4 oy 4y &—— 1
" N " (¥ =1)E. A K LY 4
Mflersnt ¢, differant d Y 4y ¢, d [ Eo b:]/r 9 ’59 19 .l L 25.11
abe iime 1, same b, different c 3y by o) -4 by gy BT 17.93 1 5 5 ! E
" J11e 1, differsnt b, same e & b o - a; by oy :
" nfferent a, same b, sanme a ay % el - 8o a (DY ]
" R.:rent i £ t b, same o | &) o1 - ag e8] / PSR
u EARS] ‘: ?‘;'erente;Tndiﬂ-nnt c | a1 b ey - 8) by ap 28 1/ E.:]/r.ra
" thflerent A, sama b, different ¢ | a) by ey - a3 b, ep
" X ffursnt a, diff b, different o | a1 by e1 - ag bp cp l.? 66 .35: 6 LL?
abg sa~e a, same b, different d Ay by &y - a; by 4, IZEc/r,ﬁ 10.}_!9 38-11 {_ [;D.
" ame 4, dilierent b, same d e by ody -a by d
" ::;J.'crunt a, 12me L, sama d o LN % :11 - :8 :1 :l !
" It t a, different b, sama a - o 41
" ._'-mee:l.mdigfarent b,ndirl.erent d a}. by 4] - ) b g ﬁtlf -1)Ec /4 E.]/rﬁr
" vitierent a, same b, different d | a; oy d, - ag by dy
" ullyerent a, diff o, diff'erent ¢ | a) 1y d) = A by dy 20 l? hO - t;3
Akt A A
aed Sia1e a, same ¢, different d ay o) d) -1 & dg ﬁm‘ lq.9.2 31.)4 ! Ill.),'t
" 3 , dliferent ¢, same d dy -8y oty /-E— M
. Samo :, diif c, different d :11 :’l‘dl - a) o dg A #-1medER]/rhe 16,6.-'_ 33,1 ! ’-IJ—hnO
" iniTerent a, snme ¢, same d a4 = ay e i
u iloerent a, same o, different d | a; ¢y o) -85 e & /2[,6 (# -1)Eq # (£ -1)Epf E.j/rﬂfb
" WAfferent a, AALf ¢, different d | a) ¢ dy - a5 & d4g 16.§2 33-0 | 1_13 .9
bed | same b, same ¢, different d b e dy -y e dy Ec/ra 15‘.92 El-LI. )_LJ L
" same ©, diffsrent e, sare d ey &y - bl cg 9 ﬁrT_f——
O SRBAETNASNL 1398 13y |AVoREAs 16,61 | 33.1] LL.O
n Hilferent b, sane e, sara d ey o - by e dy
" in.-::.n; b, same c, different d 1311 ci ?&{ - bp ey dy fzﬂ_ﬂ (# =115 4 (A-18y fE) /vy s
" Uifferent b, UIf ¢, different d by e - by cg dy 16.5'2 _%3‘0 )_L"?‘-
bed | Lime i, 3ame v, sane ¢, Il d n by Ay -2 in o4 fzgc/.- 2?.[;7 th 3 ! ?l'
" H » b, diff ¢, #4=e d 8 b ooy d =83 noopd) ﬁ—'—'——"- !
C AR u AR ety | aina d e n e | RASUGE /s 28,78 573, 76,
. e 1, diff b, same o, sama d ey d -3 bye d
» 1ff A, saw U, sama ¢, 3274 d a n & & - a; by ooy
" Aff 1, Riff b, sane ¢, sane d 4 nc1d - ag lyey dp
" At i, diff b, dff e, same d 'lblcldl'“].*‘\)%dl
Dl AR AT G mmd | anaa-mned]|
- I a, r f o, same - - R
" Jtie A, diff 1y, same o, diff d li by c% d{’ = ny by ooy d,}, 2[5“’ Lt/ (4 l}!b/!:.]/rﬁf
" MLl A, sarma b, same ¢, ALff 4 M byoop -y by oo g
" WIf 8, diff b, same 6, ALLL d & by ooy d) - ag 0y 4
" Shrhe 1, dAiff b, diff ¢, diff d 3] bl oy dl - &y bo ap dO
" AL a, same b, diff ¢, UL d &1b1c1 dl '°0b1°0d0
" ‘RET A, diff b, diff c, &fr d 2y tn oy d] - ag by oy & 28 ‘61 qv?‘o 76‘
1 agtors averaged at singls levels; the others over all levels. )
2 Ra: dny And E, = 2721'_. 3 2893. , and 2280- respectively ® error (residuwal) ln whole-unit, sub=-unit, and sub-suc-unit

analyses, respactively; r = & = replications; a = } » levels of factor A; b » ) = lovels of factor §; (X = ¥ = levals of factor A x levels of fic-

top U; A = 2 r levals of Tactor C

* levels of factor L.

i v 3
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APPENDIX TABLE 35

Analyses of variance mean squares for the effect of mulch and fertilizer
factorial treatments on size and weight of the two chrysanthemum clones
and linear shoot growth of the Feijoa.l

Mean square, sometimes rounded to nearest unit

Source of
variation 4af Chrysanthemum clones Tei joa
) 2.3 sellovwiana
Size Welght™’ snhoot grovwth
Replicates g 1,958 .16 56,578
Treatments: » -
Mulches (A) 2 135,911° 2L.63" 62,5357
Fertilizer (B) 2 1,149 .79 318,228
AxB L 1,278 .20 Lh,5h1
Error (a) L0 1,158 .26 18,168
Flants (C) 1 2l,151° a7
AxC 2 lt, Ol 1027
Bx C 2 413 .13
AxBx¢C L 61l .12
Error (b) Ls 38 .2l



APPENDIX TABLE 35 (continued)

Anaslyses of variance mean squares for the effect of mulch and fertilizer
factorial treatiments on size and weight of the two chrysanthemum clones
and linear shoot growth of the Feijoa

sy —— o
sy ——

Mean square, sometimes rvounded to nearest unit

Source of .
Chrysanthemum clones Feijoa
variation u sel loviana
Si.ze? Weight2s3 shoot growth
Sampling dates (D) 1 88, 9&-76ff
AxD 2 80,2947 12,947
Bx D 2 616 1.38°7
AxBxD L 2,158%7 NI
¢xD 1 30,3417 5.1
AxCxD 2 3,6737... 1. 32_“..”.
AxBxCx?D L 215 .ol
Error (c) 90 58l .17
Total 215

lSymbols #* and ¥ indicate significance at the 5 and 1 percent
levels, respectively. Significance of each was determined by calecu-
lating the F-ratio (treatment datum divided by appropriate error datum)
and comparing it with the tabular F-valuve. F-ratios needed for signi-
ficance are shown below:

Probability Numerator (treatment) df / denominator (error) df

of a larger
F-value 2/L0 L/h0  1/L45 2/hs /LS 1/90 2/90 L/90 2/180 L/130 8/180

.05 3.23 2.61 L4.06 3.21 2.59 3.95 3.10 2.Lk8 3.00 2.37 1.94
.01 5.18 3.85 7.26 5.13 3.80 6.93 L.87 3.56 L.61 3.32 2.51

2Analysis of variance was on a sub-sub-unit basis,with plants (C)
in the sub-unit analysis and sampling dates (D) in the sub-sub-unit.

3Degrees of freedom (df) for sampling dates (D) and all inter-
- actions containing that factor should be twice the values given since
the welght analysis of variance consisted of three sampling dates.
Accordingly, the Error (c) df should be 180; the total df 323.
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ings, and woodchips) and three levels of fertilizer, B (0, 1

APPENDIX TABLE 36
The size, (cubic inches per plant), of two plont taxa, € (C. 'Arlora' and C. 'Chris Col.'), on two dates,
D (April 27 and June 30, 1960), due to factorial treatments of three levels of mulch, A (none, woodshav-

§.1,2

and 2 1b, of nitrogen from calcium nitrate

per 1000 square feet),*s
. P 1 a‘_n t t a X 1, c
Cultural treatrent, A/ 8 Chrysanthemum TArlera?, e Chrysanthemun 'Chris Colunbus, cp (e1/d cp)/f2 (dy 4 d?)/z
. ] S anpling d a t e D $ a mpl il ng d a t s, D
Puleh, & Fk"ej'f:llizur, B 4-2F- 50, dy "io -6& d3 (dy / d;s)-/i :u_:;i,..'f.'_d_‘ _ ”t--za_éo, 4 (dl,fdz)/z B 427463, oy 6-30 40, dz
e 170,50, | 68,00 | 119425 1269,83 [122,50  [M6,17 | 170,17 | 95.25 | 132,71 ~
Mewoy k1181433 | 56,33 1 118,83 185,50 153,17 1169.33 - 193.3L _ 104,75 _ 11,08 )
en | Meven 1371,33 | bs.s0 110825 (157,67 123,17 l3he.l2 | 161,33 | 8h.33 1121,33
(b, £ b; 4 b3}/
127028 L 8661 1150 1171,00  1132,00  1151.97 0 172,60 | 9h.78 | 133.71
roveyn 130,00 | le.00. L 39,50 1 36,33, 1 80.83 1 8B.88 i 33.7 L 6h.92 L L ]
| Uevent | 30,00 1 A3.67 |SLa33._ ] 39.00 195,83 | 62,92 1 32.C0 | 75.25 | 57,12
rocdshavines,z | Trewon vy | 21,17 _ | 7hhS0 L 17.83 0 | 38,17 1118.17 _TL&JLT2,946?,;?9,6.31_5”,@@9_._
(b, 4,4 33103
Tl 30,06 | 62,39, | L6.22 | 37.83 1 95.28 | 66,55 | 33.9h | 78.83 | 56,39
T L ST.00, 6307 1 60,08 1 Wh,S0 178,33 1 6102 L 50.75 1 70.75 i €0.75
o | R L N1AT, | 79,50 1 60.33 32.00__1100.67__1 66,32 | 36,58 | 90.08. ! 63.33 _
ety | revonm | 98,50 1 h5.17 1 51.83. 36T _ﬁlhaz,ﬁifﬂ; 25 s 51.03 } 65,00 d 58,04
(% 45, £53)/3
Ll p82.22 162,61 | S7.L2 _&____ho.oé...gcd._ _81.91%5.___611,00,?,416,114 it 15.28 __Ea__éo_.zl_
rewnn | 85,83 | 60406 1 T2.09L | 83.96 1 93.80 | 88,72 "I Bl69 "} 76,97 | 80.83
oy g i 2 L BTAT 60,50 L 76,83 | 85,50 1113,86 1 99.53 1 86.33_1.90.03 | 83.1
| TR ) B3.S6 1050406t 69.31 | 79,83 108,72 | 9k.28 | 8l.69 | 01.%9 81.79
(o 4B, deyi/n
L L1 B5.52 | 60.5L 73.03..0.82,96 1105,392 | 9h,A7 L 8h.2h 1 82,96 | 83,60 |

1
2

Zach value ir

a man of

L rrnligaticrs caltslfed Ty

tmeor

1ications x 3 lewwls of Tactor ™ x 2 levels of factor I},

Sutcrrerints ndiczte the factors that soe averarad at a s:7le lovel; other factors befng averaged ovar all levels.
onreetive lovel of each factor not  shown as & sonerreript, a. 2. a value With a superscri-t of "ac® !s a mean of )5 observaticns (6 rep=




for the data of Appendix Table 36

ATPENDIX TABLE 37
Standard Error of Differences (S3) and Least Significant Differences (LSD)

L
l | I - L 50D
Iteml [ Diffsrencs betwsen: Maapured as: s3 Modwl? [ 33 .05 { W01
4 i
2 f atreront s " "% Vrasear s €67 __N1.):4119.38
b oA tlerent b b - b r/rara 5,67 11.5h56115.35
e MNeferent o e - g orya . 2,70 ?.‘146 9.96
d A fferent ¢ LN - 4 Ceg/ra 2,20 5,03 8.5
ab ave a, different b ay l;L - ay :u
g M.:arant. 2, 3aw b a; b -3, 9 Ver /v 87 E
" Juflorent &, differemnt b ay by - &g by B 9 . 82 9 .85 ‘26. GS
ag itme v, different & ay ¢ - a3y eg En/r 6 J,I,O 12 90 17 2}'
s e atll
Rflerent a, Same ¢ a oy A &1 |
erent a . : - A1IELFE, A b
X rerent a, difyerent ¢ Ay ey ag ep ﬁu: b ]/"/ ?.l,—; j.lllq()o 20.06
ac e v, dlfierent d ay oy -4 e
. ‘ ; L4 :u veu fov. B.06 15,98 (20,.96
o | Atiiens an airrerent 4 aa N Vellr Vs 72 /cAr e
: S 8.0l £.0:1121.23
be J-e b, diff t - —r——
m: arent o ooy b &g ”E?b/"f‘ 6')‘10 12,90 17)2}4
" HKflerent b, aime ¢ oo -y ey / -
- Tifferent b, dif. Y - b 2:(B-1)8nfEa|/r i
erant b ferent & b o - < & b a ?.213 :UJ_Q99 20.06
bd Jima b, diffarent d b & - by dy fzgc/“ 8106 S_.Q& 20 96
o A
" It , aime d & -
v | Ntforent b sirerent 4 E & e Ve[le -2t ke /rora n
B0 léLOh%ZlL23
cd same ¢, different d d - e |
- arreren wh_ nk | Ve 13,96 27.50 3.0
" Htferent ¢, same d e & - 4y
u Jfrecent, ¢, different d o dy - e, d vz (!-l)zclzb]/rnr S Eh IL a0 Jl; -,-b
) [ RO [ X1 i
ab i , =ia b, differsnt ¢ ™ e - [ }
I "~ 1, e aren Y 1 ™ ¢ 2Ep/r 7 11.09 Qz.qs 29°87
' 318 1, different b, sama ¢ 2 by - 3 by oy :
" nifersnt a, sa~e b, sane a a) 4 oy - ag :10 ey
" Alicrent &, diff. t b, same o | & ® -8 e /—_":___"'—
" S |,1di:‘:'erent°;:ndirhnnt [ n}_ :11 °i - by eé 2[('6 l)Eb#EJ/rrﬁ
u Vifreront a, same b, different ¢ | a] tn o] - by oeg
» Affcrant a, d4iff v, dilfersnt c | 4] M ¢ - ag bg op 12 .86 5:_!95 ht?z
aupd | same a, same b, different d ay by 4 - 1) by dg /2&:/1% Q ;2 o C;|| 21:JO
" a, difierant 9, sams d d - b, T - *
" ;ﬂ;eront 4, sa.:e u: sams d :i ;J. d,} - % 5‘3 ;:ll
" 13,954 t a, dLrf t b, save d | a d - a8 n
“ m-:o:ndl}fsrentez:mdlr:arent d a}_ ]t:-t d.t - ai bg dé ﬁ{ (# -1)Ecfd Ba)/r T
" viliarent a, same o, different d bay by &) ~ Ay EL %
" Jitrerent a, diff v, differemt ¢ | ay 1y d; - Ay by 02 OM
l 31./ = 7 6‘35
aed 1% a, same ¢, diflerent d a) ey 4y -1t dy m 8.06 15.88 20.96
" a=a a, different ¢, same d a5 dl a3 ¢g dl r ——
. e 4, ALEf €, difl t d ay & - a) ¢ Yo F-1)E A Enj/rha
;.1.91 c aran 1 1 4 1 g % ] 10'29 20 !'8 2? 2?
" D llerent a, sams ¢, sane d a ¢ - a5 cy
M ui;r;:ent 1, same e, dif?‘srcnt ¢ -i ct 3% - Ag oy & /g[,g (€ -1)E # (£ -1)By 4 g.:] s
" uifferent a, diff c, diffurent ¢ } a; c) &y ag m dy 9 23 8 I ? 21!’. C;E:
bed same b, same c, different d by ey d) - by 8y dy ﬁgc/" 8.06 D.s.sg 20.06
"4
" Jama b, different ¢, same d bl e & - b gy LY ED ;‘E_/r(l s E
o | ame L, EL e, different 4 Woep 4y -8 oy o f Bol 10,29 0.3 127,27
" Hilerent b, 3378 ¢, sane d by ey by - by e dy l
" Uil arent b, same ¢, different d c - by ey 2! -1lE (A1) f2l/
" ulfrepent U, L ¢, ¢ifferent d E cll' % - 38 f:) ij (Eﬁ i of vf B rere 9.23 18.h2 2!4.55
Il
[
Abed | he v, 3me b, same e, diff d 3y byoep oy -y by oey oy /21-‘.c/r 13.96 21.50 | 6!30
" RE"EN U, diff ¢, save d . 4 -8 ) /———"———-
- ,-1::.;:—\”. by GLLf o) aier nt:i:idx_ a-ia_gdé Q1 fe]/rr 17 .82 l 5-}-,'-6 17,22
s | i ®
- svem oy, diff U, 334e ¢, fime d 2) by oep ch -3y by & .
m 1y 1, snne U, sane ¢, 339 d N oo d o -ag ;oo d)
" AL 1y Wiff b, sane c, sane & ay In ey &) - A by ey oy
" 2w, diff b, diff ¢, 3ame d a) b ey -4y by oy h
C R Sy e (MR IERED
« | Sreaaire s same o dieea | aloolg IR0l ANV BT Y .
* MIf &, sdra b, sana ¢, ALIL 4 ‘lblﬁdl"”obl"ldo
" IRLE A, dALf B, mams ¢, diff d M obyoey dy - oA by dg
" ey, diff b, diff c, difr d 8 by oy d) - a4 by ey do
" AT a, sane b, diff e, diff ¢ ay by ey &y - Ag by eq dg
" AL A, dLff b, diff c, diff d ay by €] d1 - ag by eg d; 15.28 1.9O_u4257

1 pactors averaged at single levels; the others over all levels.

2. 4 ot g s} 158,17 737,59 e 58,23

" analyses, respeciively; r = G s mplieationné

tar Uy 2 = 2 = levels of facter G; of =

= levels of factor .

reapectively = error (residual} in whols—umit, sub-urat, and sub-suau-unit
a1 % levals of factor A; b » } w lavelw of fagtor by, % = 9 % lewels of factor & X lavels of fae-
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APPENDIX TABLE 38
The weight, pounds per plant, of two plant taxa, € (C. 'Arlora' and C, 'Chris Columbus'), on three dates,
D (Nov, 3, 1959; May 2, 1960, and July 8, 1960), due to factorial treatments of three levels of mulch,
A (none, woodshavings, and woodchips) and three levels of i‘ert.ilizerS g &0, 1, and 2 1b, of nitrogen from

calecium nitrate per 1000 square feet).t»
P 1 L [ t t 2 x a, c o
Cultura] treatment
148 Chrysanthemun ‘ATlera’, ¢ ~ Chrysanthernum 'Chris Columbus, C?‘ leg A ep)/f2 {214 0,4 85¥3

Mulch, Fertiliter, Srap 1t rere 0 saleing frre P
g : 1-30-51, & [3°2-68, 4, T869, dy En’ dg ¥ d3l/3 [ 113058, gy £2:80, & | rg-0, dy (0178 350/ | 13058 2 | 526D, 5, | 18580, 4y

o Cay, By ed abed abed abe abed abed abed| abe abd abd abd ab

' ! 1 2 .

P29 2 G LTE L 20 [2 65 4Rh8 1178 1 .28 | 12,77 12,12 11,71
. 32 12,95 12,15 [1,81 | .26 2,18 |3.25 11,90 | .29 |2,57 [2,70 85 ]
¥ors, of Cano hed b abed| Tabe| abed abcd abed abe ubd aba abd ab
"1 "l L28 d_}.loﬁﬂ Lglscahl‘&"ﬁ%zzﬁa 2.1,Llc7’2.6[)*.&3,_']_.66__“,_.25;;_&_2.6Lad_2.ﬂ7~74l.55. x

by # b2/ i3

LT

of CaNOy, by .19

T aed |
Wocasoy, b | 3

Woodshawings, Eed L - 7 2 abed abed T abed abe ] ad]| atd a
M,_LOQ_EFJJ% _11.76 y CW13 WAL W52 2,73 11,120 | .10 __.h?L_d 2.25 .93
ap sed ac ac acd acd acd ac ad 2 a
/b f 0503
= -7 Hed ‘Ez‘rﬂrl‘hlm'— FZ%,q%J%@Zﬁmﬂgﬁwa%MmJ!ﬁmlw A5 T
:r:.:% 2 a2l s+ 188 1"0215:'*‘1275&#“'"62*.%?61*56—&3_*1115?*'13*H“*?&.m 172 .89,
Woodehipa, - :3' bz__L _;EFF'_?_Q bca 2.923]7:4 ]=2f) m‘“'ag_sg*_'haiw ?%?ﬂﬁcd __,,9_5‘_;]:: 413 = %q(’llbd ?_%mqm L=1Lah
N *o50,33 T11,18 T3] ,98 T 6 T 65T 2,03 1 W95 L5 Tl 92”1173 7] 97 T
by A vy / 59
: 25 .9l 12,08 l1.09 | .13 1 .58 .96 | 89 a9 | .76 [2.02 | .99
Of CaNOq, T .2 in—ba—l"éj—m I ll—EL‘ ! S o | .2 Z Ll‘gz_ﬁjk\d,l‘llkwﬁ.,—mzo,ﬁ ot l‘BLbd ;Le?ﬂ = ] %ll——'b

w2l (W3 (12,16 01028 0 16 {1,08 (2,62 . 0,29 (L .20 11,26.55 2,39 0,28
i e el WSk 12,58 .32 116 111 2.6 11,20 1200 11,32 12,02 11,18

cd cd| cd] cd cd e €

(blf bz/ b;)ﬁ

2 s 1.7 .17 lL6  f1as .33 112y .20 11,32 12,06 1109

1 cupericripts indlcats which factors are averaged at a zingle level; other factors teing averaged over 11 levels.
¢ Zaca value is a rean of six repluations multiplied by the respective isvel of each facior not shown as a superrcript, e, 2. & value with a3 superscript of “ac™ sz & zean of Z4 obzervatlons {6 repli-
cations X 3 lavels of facter B x 3 lewls of factor L),



. AFPENDIX TABLE 39
Standard Error of Differences (S3) and Least Significant Differences (LSD)
for the data of Appendix Table 38.

b ' L 3P
I.unl i Difference betwsen: Memsured as: 53 Model? I 32 .05 I .0l
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L pactors averaged at xingls 1evalsj the others over all lavels.

2 2. &, and E, = .262 B .2&06 , and .1700 respectively v arror (restdual) in whole-unit, sub-unlt, and sub-sup~unit
analyses, rewpsativaly; r = § w replications; a = Y a levels of factor 4; U = } w lavels of fagtor Gj CA = 7 ¥ lLavals of factor & x lavsle of lae-
tor U; /7 =2 ® levels of factor C; " ® 3 a levels of factor b. -




APPENDTIX TABLE LO

Weight/size ratio for two plant taxa, C (Chrysanthemum 'Arlora! and

Chrysanthemum 'Chris Columbus'), on two dates, D (May 2 and July 2,

1960), due to factorial itreatments of three levels of mulch, A (none,

woodshavings, and woodchips), and three levels of fertilizer, B (O,
1, and 2 1b, of calcium nitrate per 1000 sq. ft.)

Plant taxa, C

Cultural treatment, Chrysanthemm Chrysan themum
A ~B 'Arlora’ 'Chris Columbus', cy
Sampling date, D Sampling date, D

Mulch, A Fert%.lizer, 5/2/60, 1/2/60, Differ- 5/2/60, 7/2/60, Differ-

dl d.2 en%ial d1 d2 en %t:,ial

O# CaNOB, bl 1.69 2.59 g3 1.56 2,02 29
1# CaNO3, by 1.63 3.8L 136 1,18 2.12 80

Nones  af canoy, by 1.8l 3.36 86 136 2.1 53
a1 (b1+b2+b3)/3 .71 3,21 33 1.237 2,09 67

O# CaNO3, by  1.93 2.51 30 1.53 2,13 39

Rood=- 1# CaNO3, b2 1.66 2.22 Bh lq’-!? 2-67 79
ShaVIngS; of caNoy, by 1.57 2.3 SO 137 2.1 69
O# CaNO3, by 1.63  2.98 82 139 1.99 L3

Woodchips, 44 CaNoj, b, 1,70 3.67 116 150 2.26 51
8y 2# CalNO3, by 2,02 3417 57 1.8 2,39 61
(by4by4b3)/3  1.78  3.27 8L L6 2.23 53

O# CaNOg, by 1.75 2,36 35 1.52 2,0k 3k

(al+a2*a3) 1# CaNO,, by 1,66 3.2k 95 1,26 2,31 83

2# CaNo,, b3 1.80 2,56 6L 1.39 2.26 63

(bl+b2+b3)/3 1.73 2,96 71 1,38 2,21 60
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(none, woodshavings, and woodchips) and three levels of fertilizer

APPENDIX TABLE L1
Welght, grams per plant sample, of roots of two plant taxa, C (Feijoa sellowiana and Ligu
at three depths, D (1-3, 3-6, and 6-9 inches), due to factorial treatments of three levels of mulch, A

strum japonicum)

$1,2,3

B {0, 1, and 2 1b, of nitrogen from

calcium nitrate per 1000 sa. ft.)+2%»
Cultural treatment P et v ¢
/8 Faltos swllowiasna, & ‘Ligua‘trum Japondicunm, ¢ legdeyif2 (&4 44 4313
Mulek, Fartiliter, $:2rmnpling depth. b sanpting ' depth. o
A B L =3 | 3, 9, 97y fa o a3 1D 387, 9y | 72161, dy fdyddpda/a] 1-3% 0 | 3-87 g, e-7", 4
o caoy, by abod 6 abed abod , abe T Aved l;bcd r;abcd 3 ate abd abd ‘{6 2bd ab
W caoy, by .BO.ﬁ 200 abcd'—.38 abed] 12 abe -32a’acd m‘g labt:d 1‘3’ abed " 7 abe -ilafﬂ ‘77abd sl abd .65'W
Nona, 3. .jaﬂx:d ‘68_3&.(! .86 aE?“‘éh"ﬁE'gllﬂi&—__J%ﬁ—‘ abed .65 ane _"_'LSBabd .10 abd 66 abd ‘65 ab
" 2 Canoz, by -38 — 065 - 066 - 156.4 - .Q)'L‘Tac .-__;2673 Y 4 l35 = -213_& L) - -.?.l___..a -1!6 :
/0y / Eal3
‘35 v QQL‘ ) .63 Toea OSLL, M,;‘J‘a:ud -6hubcd. -86 N n66 T .362hd :\6).1a -75 25d __,.58 5
ocwont| M27 1 .33 W18 1,26 4,69 | 1,04 | .32 | 68 | L8 | A8 | .29 i
abed abed abed Abed] abed| abe abd abd abd ab
sown vl G685 L Whl _l.22 nhldA&__JéSRRF_Q. L W78 11,30 .65bd l.hb.bd -SQ_TE__436_?
rostines | coos, vy | fR | B85 |86 166 | 90 _la.75 11. 07 1.21;,_# 897113071 .82 T 1,00 °
2 acd acd acd acd ac ac a a » [
(b # by £ 0313
%14 b # by ,wdwisjf.x 32 mu-hsm 3 25 1 L5 | T2 .07 LU 11 | .52 27
vove | W67 L a3 LuhS L0 11,66 1 .90 98" 41,53 11,10 17 nn 22 | W96
Woodchlps, e ‘aﬁzg;f‘zﬁ“ﬁa“zz—Tia ““585&*—1‘Qéaz Azl‘"él°lz“" AT}ﬂd ‘92. 1‘12****1401—5'
3 weanoy, b5 A8 52 | .60 acd460 - W18 8 - 1.72 d.,b9 o3 " 1.19 . L. 16 1,03
by £ by £ B3
WTh L 655 1W57 .63 1a0L | 1.62 L 1.56 130 1 .83 11.08 11.06 | 1.01
of CaDy, By .1[1_ - ;h TJ}h_ e .39 _ﬁg v 1. 31 n88 =i 111_03 w néh w 086 - 061 = ‘10 5
14 CaliCy, By .61;_‘564 62 .h? = Q6_3 .6? ted lﬂlllbcd 1.0? =i _1_.'01‘. B q66 = 1.01 = .75' ~ I81 5
(a1f324383| 2= canoy, v | O ,67 H1 W61 1,87 11,29 1,18 11,03 { LAL | .90 | .90 283
cd ¢d] cd © Ted | d cd d
Bfres -5’! f‘? 051 Q(;l', .71 1.—':).1 1.0‘:; _3_._.01 o ‘____96,."“ 99[': 075 .?8

P Superscripts .néicate which factwrs are averaged at a singles lewvel;

Zzch valie ia a rean of six replcations rultiplled by the respective level af each factor not shown as a superccript, e. 2. a4 value with a superscript of ™ac®

cations x 3 levels of factor B x } lrsels of facter D).

-Replications

ather factora beilng averaged over all levels.

averaged--no statistical analysis made,

ts a mean of "L observations (6 repli-



APPENDIX TABLE L2

Relation of plant weight of the Yay 3, 1960, harvest to foliar cemposi-
tion of the Moy 2, 1960, sampling of the Chrysantherum tArloratt

)

Treatment® and Composition in leaves (dry matter basis)
Statistical index Wgt. o P K Na Ca lig I'n
Gm, % i S % % p4 PPI.
Muleh, none 2.98 L.02 ,291 3.76 L.010 .325 ,272 L9
¥ulch, WS W52 2.65 266 3,77 W013 .290 ,163 i3
Mulch, WO Sh 3.03 .284 3,71 .013 ,270 .152 152
F value 338 33t 0 NeSe N,S. 3 gt NaSe
CaNO4, Of 147 3.21 .283 3.83 .012 .,203 ,196 145
CaNO3, 1¥ 1.43 3.19 .276 3.51 L0100 ,.303 .200 L5
CaNOg, 24 1.5 3.31 ,282 3.80 .013 .288 .191 I
I value N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
L.5.D.2 @ .05 27 W21 016 27 J006 026 025 7
L.S.D.2 @ .01 $38 .28 021 .35 .008 .03k .032 9

1 Fach value other then the L.S.D.'s, is a mean of 18 observa=
tions obtained from plants in the respective treatments, (Mulch values
are averages of 3 fertilizer levels in & replications; fertilizer values
are averages of 3 mulch levels in 6 replications,)

2 Bach treatment was a single application, the mulches being
applied on June 22-26, 1959, and the CaNO4 fertilizer on September 8,
1959

3 1.8.Disat .05 and .01 indicate the least differences for sig-
nificance between any two values with odds of 19:1 and 99:1, respec-
tively.
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APPENDIX TABLE L43

Relation of plant weight of the July 8, 1960 harvest to foliar composi=-
tion of the July 2, 1960, sampling of the Chrysanthemum 'Arlora‘.:

Treatmente and Composition in leaves (dry matter basis)
Statistical index Wgt. N P K Na Ca Mg Mn

Gm., g A % % 4 A PPM.

¥ulch, none 1.82 L.34 .304 5.03 .050 ,52L .328 53
¥ulch, WS 147 L.O1 .318 L,68 ,052 ,392 .21 @ 53
¥ulch, WC 2,08 L.39 .333 5.01 .O0L7 .LOS .230 51
T value 3¢ 3 3 e N,S,  # I N.S.
CaNo,, Of 1.63 3.87 .325 L.,70 ,051 .39 2Ll L6
Caloy, 14 2,16 1.30 .315 L.97 LOLB WLh3 .263 53
Callog, 24 1.58 L.57 4315 5.04 LOL9 LL39 267 57
¥ value st 3 N,S., 38 N,S. N.S. * 3¢
L.5.D.3 @ .05 27,21 016 .27 L006 ,030 025 7
L.S.De’ @ JOL W36 W28 L,021 .35 L008 ,L0LO .032 9
1

Each value other than the L.S.D.'s, is & mean of 18 observa-
tions obtained from plants in the respective treatments. {Mulch values
are averages of 3 fertilizer levels in 6 replications; fertilizer values
are averages of 3 mulch levels in 6 replications.)

2 Each treatment was 2 single application, the mulches being
applied on June 22-26, 1959, and the Caid3 fertilizer on September 8,
1959,

3 L.5.D5at .05 and ,01 indicate the least differences for sig-
nificance between any two values with odds of 19:1 and 99:1,
respectively. *
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APPENDIX TABLE LL

itelation of plant weight of the May 3, 1960, harvest to foliar composi-1
tion of the YMay 2, 1960 sampling of the Chrysanthemum 'Chris Columbus',

Treatment® and Composition in leaves (dry matter basis)
Statistical index Wgt. N P X Na Ca Mg Mn
Gm, % 2 p/ 3 o % PPl
¥ulch, none 2.33 3.14 .225 2,58 ,010 .300 ,221 1,8
Mulch, WS 05 2.67 L257 2,07 010 .,298 ,172 L0
Mulch, WC .58 3,00 .289 2,39 .,011 .278 ,163 39
F value s L i ##  N,5, N.S5, = N.S.
CaNO3, O 1.27 2,96 ,259 2.34 .010 .297 .186 L2
CaNOB’ 1# 1,08 2,90 ,257 2,27 LO10 .297 ,L190 L1
Calos, 24 1.11 2,95 .,255 2,43 .011 .283 ,[i81 Lk
F value N.5. N.3. N.,S. N.,S. ¥N.S. N.5. N.S., .S,
1.5.0.° € .05 27 W21 006 .27 006 .026 ,025 7
L. S. D3 ¢ .01 38 .28 021 .35 .008 .03 ,032 9

1 Each value other than the L.S.D.'s, is a mean of 18 observa-
tions obtained from plants in the respective treatments. (Mulch values
are averages of 3 fertilizer levels in 6 replications; fertilizer values
are averages of 3 mulch levels in 6 replications.)

Fach treatment was a single application, the mulches being
apolied on June 22-26, 1959, and the CaN03 fertilizer on September 8,
1959. :

3 L.S.Desat 05 and Ol indicate the least differences for sig=
nificance between any two values with odds of 19:1 and 99:1,
respectively.
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APPENDIX TABLE LS

Relation of plant weight of the July 8, 1960, harvest to foliar composi-
tion of the July 2, 1960, sampling of Chrysanthemum 'Chris Golurbus' et

Treatment? and Composition in leaves (dry matter basis)

Statistical index Wgt. N P K Na Ca Mg ¥n
Gm. % % 4 4 % 4  PPM,

Mulch, none 2,78 3.72 .318 L.50 .039 .508 .3L3 67
Mulch, WS 2,26 3.68 ,365 L.29 .036 .388 247 66
Mulch, WC 1.96 3.89 ,389 L.,65 .033 .382 ,276 62
F value 65 % 36t s N,S, % w3 N.S.
CalNO,, Off 1.92 3.L1 .259 h.27- LOh2  JLLh .276 58
CaNO3, 14 2,62 3.75 4257 L.L9 J033 .LOT L2713 62

CaNOg, 2# 2,46 ho13 .255 Lh.68 .032 LL27 291 75
F value e = N,S, % 3t e N,S,

L.S.D.> @ .05 27 .21 016 .27 006 026 .025 7
L.S.D.3 @ .01 .38 .28 021 .35 ,008 .034 .032 9

1 Fach value other than the L.S.D.'s, is a mean of 18 observa-
tions obtained from plants in the respective treatments. (Mulch values
are averages of 3 fertilizer levels in 6 replications; fertilizer values
are averages of 3 malch levels in 6 replications,)

2 Each treatment was a single application, the mulches being
applied on June 22-26, 1959, and the CaNo3 fertilizer on September 8,
1959,

3 1.5.Dysat +05 and .0l indicate the least differences for sig-

nificance between any two values with odds of 19:1 and 99:1,
respectively.
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APPENDIX TABLE L6

Relation of the aggregate 1960 linear shoot growth to foliar composi-
tion of the Oct. 5, 1960, sampling of the Feijoa.

Treatment? & Aggregate Composition in leaves (dry matter basis)
Statistical Length N P K Na Ca Mz Mn
tadex om. 5 % % % % % PPN
Mulch, none 515.83 1.98 168 6L .039 1,08 ,36 13
Mulch, WS 823.78 1.57 202 ,76  L03L JSL .29 80
Muleh, WC 860.17  1.88 L181 .75 .030 .98 .28 53
F value st #  N,S. ##  N.S., % ¢ NS,
CaNO5, O# 589.83 1.67 .213 .72 L,031 .97 .33 65
CaNO3, 14 756,28 1,78 .165 L71 .037 101 .29 7k
CaNOy, 2# 852,67 1,98 L173 .71 .032 1,01 .30 67
T value 4 # N.5, N,S., N.5, 4 N.S.
L.S.D.5 @ .05 1 oLy .08 015 .10 .03 33
L.5.D. € 01 15 059 L1 .020 .13 Wb L

1 Bech value other than the L.S.Det!s, is a mean of 18 observa-
tions obtained from plants in the respective treatments. (Mulch values
are averages of 3 fertilizer levels in 6 replications; fertilizer values
are averages of 3 mulch levels in 6 replications.)

2 Each treatment was a single application, the mulches being
applied on June 22~-26, 1959, and the CalNOy fertilizer on September 8,
1959,

3 L.S.Desat .05 and ,01 indicate the least differences for sig=
nificance between any two values with odds of 19:1 and 99:1,
respectively. *
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APPENDIX TABLE L7

General change in the concentration of certain foliar nutr%ents with
diminishing concentrations of foliar nitrogen.

Sampling Nutrient elemént>

Plant Factor®  date P X Na  Ca Mg Ta
thArlora! Mulch 5/60 - 0 v - - 0
n ] 7 /60 ( _) - 0 - - 0
Chris Columbus' n 5/60 (=) - 0 0 - 0
n u 7 /60 - - 0 - - 0
tArlorat Fertilizer 5/60 0 0 o} 0 0 0
w : " 7/60 0 - 0 0 - -
'Chris Columbus' . ® 5/60 0 0 0 0 0 0
" " 7/60 0 - + - (=) -
Feijoa Mulch 10/60  (+) 4 0 - - 0
" " 6/61 (+) + o] 0 - -

1 n 7/61 + + 0 - - 0
Ligustrum " 10/60 (+) + - (=) (=) +
n " 6/61 (+) + 0 - - 0

n " 7/61 + + 0 - - 0
reijoa Fertilizer 10/60 + 0 0 0 - 0
" " 6/61 0 + ) 0 0 0

i " 7/61 0 0 0 0 0 0
Ligustrum " 10/60 0 + o) - - -
n " 6/61 0 - 0 0 - 0

W n 7/61 + + 0 0 - 0

1l Increase in foliar concentration of & nutrient element indi-
cated by +; decrease by =; no change by O. Symbols in paranthesis in-
dicate trends rather than significant changes,

2 Treatment factor for which all three levels are compared,

3 Direction of nutrient element change determined from data of
the respective master two-way tables of the Appendix,
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