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Summary. Management of pear
(Pyrus communis L.) trees for low N
and high Ca content in the fruit
reduced the severity of postharvest
fungal decay. Application of N fertil-
izer 3 weeks before harvest supplied
N for tree reserves and for flowers
the following spring without increas-
ing fruit N. Calcium chloride sprays
during the growing season increased
fruit Ca content. Nitrogen and Ca
management appear to be additive
factors in decay reduction. Fruit den-
sity and position in the tree canopy
influenced their response to N
fertilization. Nitrogen : Ca ratios
were lower in fruit from the east
quadrant and bottom third of trees
and from the distal portion of
branches. High fruit density was
associated with low N : Ca ratios.
Nutritional manipulations appear to
be compatible with other methods of
postharvest decay control.
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P ostharvest decay in pear and
other fruit crops is a major source
of financial loss for producers.

Postharvest fungicide application is
common, but chemical options have
been reduced in recent years by the
withdrawal of certain fungicides for
postharvest use and exclusion of fun-
gicide-treated produce from certain
markets (Willett and Kupferman,
1991). Furthermore, fungicide resis-
tance has been encountered in target
pathogens (Bertrand and Saulie-Carter,
1978), and some postharvest diseases
(e.g., mucor rot, side rot) are not
controlled by any currently registered
fungicide (Jones and Aldwinkle, 1990).
To control postharvest decay of pome
fruits satisfactorily, a control strategy
must be developed in which diverse
cultural, biological, and chemical
practices are integrated. We have been
studying how management of the N
and Ca contents of pear fruit can alter
their susceptibility to postharvest fungal
decay.

Nitrogen and Ca nutrition influ-
ence the quality of pome fruits in several
ways. Many physiological disorders in
pears and apples are related to both
their N and Ca status. Pears with ex-
cessive N and insufficient Ca (high N:
Ca ratio) are prone to cork spot (Cur-
tis et al., 1990; Raese, 1986; Shear,
1974) and alfalfa greening (Raese,
1986). High fruit N has been associ-
ated with increased susceptibility to
fungal decay in apple (Sharples, 1980;
Wallace, 1953). Severity of blue mold
decay of apples is reduced by posthar-
vest infiltration with CaC12 solutions
(Conway, 1982; Conway and Sams,
1983).

Although traditional application
of N either before or soon after bloom
is effective in promoting tree growth,
environmental concerns about nitrate
pollution and water quality may neces-
sitate changes in current fertilizer
practices. If alternative N management
strategies can both lessen environ-
mental impact and improve posthar-
vest fruit quality, growers will have an
economic incentive to use them. Rela-
tively high N levels in pear flower buds
may be valuable in promoting fruit set
(Khemira, 1991; Williams, 1965), but
high N available for vegetative growth
may promote physiological disorders
(Bramlage and Drake, 1980; Raese,
1986) and increase susceptibility to
fire blight (van der Zwet and Keil,
1979). High-N pear fruit generally are

more prone to storage disorders and,
as found in our study, may be more
susceptible to postharvest decay.

Strategies for the enhancement of
fruit Ca have been developed for re-
ducing disorders and improving decay
resistance (Conway and Sams, 1983;
Raese, 1986; Sugar et al., 1991a). It is
important to determine how both the
N and Ca status of fruit influence
decay severity as either independent or
combined factors in a management
scheme.

Variability in fruit mineral con-
centration among individual pear fruit
from a given orchard may be high
(Curtis et al., 1990). Several-fold dif-
ferences in fruit mineral concentra-
tions also are found among fruit within
individual pear (Sanchez et al., 1991b)
and apple trees (Wilkinson and Perring,
1961). Since decay usually affects only
a small percentage of the total fruit, the
amount of fruit that is low or high in
either N or Ca is more important than
the mean N and Ca concentrations for
an orchard. There is some evidence
that mean concentrations do not pre-
dict clearly the actual number of fruit
with either high or low mineral con-
centrations (Curtis et al., 1990). Un-
derstanding the nature and causes of
fruit N and Ca variability could assist
the development ofmanagement tech-
niques to limit the number of high-N–
low-Ca fruit and of sampling proce-
dures to accurately quantify the inci-
dence of high-risk fruit.

There are vast differences in the
mineral content of fruit depending on
their location within the canopy of an
individual tree (Jackson et al., 1971;
Sanchez et al., 1991a). Specific sub-
groups of the overall population of
fruit on a given tree may respond dif-
ferently to orchard management than
other subgroups. It may be important
to develop strategies that address cer-
tain categories of fruit within a tree
canopy and understand that not all
fruit respond similarly. Fruit N and Ca
status and the pattern of fruit distribu-
tion within tree canopies are manipu-
lable. Different rates and timings of N
fertilizers can be used, Ca sprays can be
applied, and training or thinning pro-
cedures can alter fruit distribution.

Alternate N strategies
It has been demonstrated with

labeled N fertilizer that some tree parts
depend more on newly acquired N
than others (Fig. 1). Fruit, leaves, and
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Fig. 2. Percentage of total N from the labeled fertilizer (NFF) in
flowers and spur and shoot leaves of ‘Comice’ pear trees. Fertilizer N
was applied 1 month before bloom. Different letters denote significant
differences at P < 0.05. From Sanchez et al. (1990b).

Fig. 1. Percentage of total N from the labeled fertilizer (NFF) in
different components of Comice’ pear trees at the end of the growing
season. Fertilizer N was applied 1 month after full bloom. 2 YW = 2-
year-old wood. Adapted from Sanchez et al. (1991b).

1-year-old wood contained large

In an experiment using ‘Bosc’
pear trees grafted on ‘Old Home ×

amounts of labeled N following tra-
ditional spring application. Other tree

Farmingdale 333’ rootstock, N was

parts contained substantially less la-
beled N. Even though pears require
only small amounts of exogenous N
during the growing season (Sanchez
et al., 1991b), an adequate N supply
during the first period of growth is
essential. Although exceptions may
occur on sandy soils under warm spring
conditions (Sanchez et al., 1990b), it
appears that spring-applied N does not
reach flower buds until well after full
bloom (Fig. 2). Flower development
and early growth of vegetative tissues
depend almost entirely on stored N.

Beneficial effects of late-spring N
fertilizer applications on yield are likely
due to a buildup of tree reserves that
provide N for flower buds the follow-
ing spring. To achieve relatively low N
levels during the period of rapid shoot
growth and fruit enlargement, N man-
agement strategies must consider the
role of tree reserves. Reserves can be
enhanced without the deleterious
consequences of large, early spring N
applications. Considering the ease with
which tree N levels may be increased,
there is probably a greater risk of physi-
ological disorders and lowered pro-
ductivity due to excess N fertilization
than to N deficiency.
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applied to the soil either 1 month
before harvest or at harvest (Fig. 3).
The percentage of N from preharvest
fertilizer applications found in leaves
and fruit was drastically less than that
found following spring applications
(Fig. 1). At the same time, the per-
centage of N from the fertilizer in
flower buds was similar to spring ap-
plications (Sanchez et al., 1990b).
‘Cornice’ pear trees on quince root-
stock respond similarly (Sanchez et
al., 1992). Harvest and postharvest
applications result in more N being
partitioned to roots and less N avail-
able to developing flower buds. For
applied N to reach the flower buds in
early spring of the following year, N
must be applied at least 3 weeks before
harvest.

The above procedures could serve
to 1) increase N reserves in the roots
and above-ground structures of the

Postharvest foliar urea sprays may
provide another tool to build reserves
while avoiding excessive vegetative
growth and high N fruit. A single
postharvest spray of 5% or 10% urea
increases the N concentration in l-
year-old wood, flower buds, and flow-
ers in the spring following treatment
(Sanchez et al., 1990a). It may be
possible to reduce or eliminate spring-
applied N and still build reserves with
a combination of relatively small late-
season, soil-applied N and postharvest
foliar urea applications.

tree, 2) provide adequate N to flower
buds for strong fruit set, 3) avoid high-
N fruit, 4) prevent excessive shoot
growth, and 5) allow more efficient
use of applied N. Spring N applica-
tions are most appropriate in situations
where vigor is insufficient.

Nitrogen management and
decay

To evaluate the effects of the
timing of N application on postharvest
fruit decay, mature fruit were collected
from ‘Comice’ pear trees that had
been fertilized with ammonium nitrate
at various times of the year. Fruit from
each treatment were surface-sterilized,
wounded with a sterile finishing nail,
and dipped in a suspension of Peni-
cillium expansum spores (104 spores/
ml). The fruit were stored in air at –
1C. After 2 months the fruit were
removed from storage and the diam-
eter of each lesion was measured.
Lesion diameter is an indicator of
disease severity and reflects the relative
resistance of the fruit cortical tissues
to fungal decay.

In each of 3 years of testing, blue
mold was more severe in fruit from
trees receiving soil-applied N 3 weeks
pre- or postbloom than in fruit from
trees fertilized later in the season or
from unfertilized trees (Table 1). Ap-
plication ofammonium nitrate 6 weeks
before harvest resulted in an average
reduction in decay severity of 26.2%
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Fig. 3. Percentage of total N from the labeled fertilizer (NFF) in
different components of ‘Bosc’ pear trees when applied 1 month before
harvest or at harvest. Sp.L = spur leaves; Sh.L = shoot leaves; F = fruit;
SH = 1-year-old shoots; FB = flower buds; FR = frame; R1 = roots <1 cm
in diameter; R2 = roots >1 cm in diameter. Different letters denote
significant differences at P < 0.05. From Sanchez et al. (1992).

compared to prebloom application,
over the three years of testing. Since N
contents of fruit peel and cortex are
correlated (Curtis et al., 1990; Sanchez
et al., 1991a), mineral analyses were
performed only on peels. The peel N
content was higher in fruit from pre-
or postbloom-fertilized trees than in
fruit from trees fertilized later in the
season (Table 1).

during the growing season. Fruit were
wound-inoculated postharvest with
spores of Phialophora malorum (105

spores/ml) and stored for 4 months at
0C. The mean side rot lesion diameter
was reduced 22.1% and 27.7% by spray
treatments at 3.6 and 6.0 g Ca/liter,
respectively, compared to nonsprayed
controls (Table 2).

Calcium sprays and decay
Integration of N manage-
ment and Ca sprays

The benefits of spray applications
of CaCl2 to ‘Bosc’ pear trees for reduc-
tion of postharvest fungal decay have
been evaluated over several years (Sugar
et al., 1991a). Incidence of side rot
from natural infection by Phialophora
malorum was reduced by three mid-
summer sprays of 1.2, 3.6, or 6.0 g
Ca/liter applied by handgun to run-
off. Leaf tip and margin burn, ranging
from mild to moderate, resulted from
the spray treatments, but the fruit sur-
face was not affected by the treat-
ments. The naturally russeted surface
of ‘Bosc’ pear allows use of relatively
high rates of CaC12 that might cause
undesirable russet on green-skinned
pear cultivars. Analyses of fruit peel
mineral contents indicated that Ca
contents were significantly increased
by CaC12 sprays containing at least 1.2
g Ca/liter (Table 2).

Based on the understanding of
the distribution of fertilizer N in the
pear tree presented above (Sanchez et
al., 1991b, 1992), a plot was estab-
lished at the Southern Oregon Experi-
ment Station in which replicate blocks
of ‘Bosc’ pear trees were managed for
high or low fruit N. High fruit N
blocks were fertilized annually 3 weeks
postbloom, while low fruit N blocks

were not fertilized for 2 years, then
received a N fertilizer application ≈ 1
month before harvest in the third year.
Within each replicate of each N man-
agement block, a subgroup of trees
received three summer sprays of CaC12

at 6.0 g Ca/liter, while the remaining
trees received no CaC12. After harvest,
fruit from each treatment were wound-
inoculated with Penicillium expansum
( 1 04 spores/ml). Lesion diameters
were measured after 2 months of stor-
age at 0C.

Disease severity was reduced by
≈ 50% in fruit from low-N blocks with
summer CaC12 sprays compared to fruit
from high-N blocks without CaC12

sprays (Fig. 4). Nitrogen management
and Ca enrichment appear to be addi-
tive factors in reducing blue mold se-
verity in ‘Bosc’ pears (Sugar et al.,
1991b).

Table 1. Effect of timing of soil application of ammonium nitrate on ‘Comice’ pear fruit N
concentration and severity of postharvest fruit decay by Penicillium expansum.

Side rot severity was measured in zValues in the same column followed by the same letter are not significantly different by Duncan’s new

fruit from pear trees sprayed with CaC12
multiple range test (P = 0.05).
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Fig. 4. Effects of nutrient management in ‘Bosc’ pear on susceptibil-
ity of fruit to postharvest decay by Penicillium expansum. High N =
fertilized annually 3 weeks postbloom; low N = 2 years without N,
then fertilized 1 month preharvest; high Ca = three sprays of CaC12

(6 g Ca/liter) during the growing season; low Ca = no supplemental
Ca.



Table 2. Effect of three sprays of CaC12

during the growing season on severity of side
rot in ‘Bosc’ pears.z

Spray concn Peel Ca concn Lesion diamy

(g Ca/liter) (ppm dry wt) (mm)

0 1540 a 151 a
1.2 1950 b 131 a
3.6 2040 b 92 b
6.0 2450 c 80 b

zAdapted from Sugar et al. (1991a).
yValues in the same column followed by the same
letter are not significantly different by Duncan’s
new multiple range test (P = 0.05).

Compatibility of nutritional
decay prevention with other
decay control methods

A valuable aspect of nutritional
management of postharvest fungal
decay of fruit is that nutritional tech-
niques appear to be compatible with
other methods of decay control. Cal-
cium chloride sprays on apples during
the growing season do not affect the
efficacy of biocontrol of Botrytis cinerea
by the yeast Cryptococcus laurentii
(Roberts and Raese, 1990). Nitrogen
and Ca management are additive fac-
tors in the control of Penicill ium
expansum and Phialophora malorum
rots of pears by C. laurentii (Sugar et
al., 1991b). The postharvest applica-
tion of fungicides for control of decay
fungi should be compatible with nu-
tritional management in the orchard.
Techniques for producing low-N–
high-Ca fruit have been combined
successfully with management of fruit
maturity at harvest, postharvest yeast
treatment, and controlled-atmosphere
storage in an integrated decay control
program (D. Sugar, unpublished data).

Nutritional aspects of fruit
distribution within tree
canopies

In ‘Comice’ pear trees managed
for high or low fruit N, data were
collected on individual fruit with re-
spect to their location in the tree cano-
pies (Sanchez et al., 1991a). All fruit
from two low- and two high-N trees
were harvested and the position in the
canopy of each individual fruit was
recorded. The level of the branch
bearing each fruit was placed into one
of three categories: bottom, middle,
or top third of the main trunk. The
fruit position on each branch also was
placed into one of three categories:
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proximal, middle, or distal third. The
distance to the nearest adjacent fruit
on the same branch and whether more
than one fruit was borne on the same
spur were recorded. This procedure
was carried out in each of four quad-
rants (north, south, east, and west) of
each tree. All fruit were weighed and
analyzed for N and Ca concentration
in the peel. For simplicity, only com-
parisons where fruit density differed
greatly (proximal vs. distal, top vs.
bottom, and west vs. east) arepresented
here.

Average leaf and fruit N concen-
trations and fruit weights were similar
for the four trees. There were no sig-
nificant differences in fruit weight or N
or Ca concentrations between single-
and double-fruited spurs. Although
significant, correlations between fruit
weight and Ca concentration were low
(r2 < 0.16). The N concentrations of
individual fruit were not related to
fruit size. However, N and Ca concen-
trations and fruit size were larger in the
high-N treatment (Table 3). Fruit N
increased more than fruit Ca in high-
N trees, thus the N : Ca ratio was
higher.

Differences in mineral content due
to canopy location were also apparent
(Table 3). Nitrogen concentration and
N : Ca ratio were significantly different
for position, level, and orientation cat-
egories. Calcium concentration was
significantly different for west and east
orientations. If fruit in all categories
are assigned into high-density (>40%
of fruit in category) or low-density
(<25% of fruit in category) groups,
fruit weight, Ca concentration, and N

: Ca ratio are significantly different. In
all cases, the category with the lowest
fruit density had larger fruit, less Ca,
and more N.

Nitrogen and Ca behave differ-
ently in pear trees. In areas of dense
fruiting, N concentrations are diluted.
For example, although there was three
times more fruit in distal than in proxi-
mal positions and the collective N
concentration of all fruit in distal posi-
tions was much higher, individual fruit
concentrations were less. In contrast,
individual fruit from denser areas had
more Ca than those from less-dense
areas. The relationship of Ca concen-
tration to crop density is consistent
with the concept that a smaller leaf :
fruit ratio leads to more fruit Ca
(Schumacher et al., 1978; Shear,
1980)..

Location vs. N treatment inter-
actions (Fig. 5) indicated that treatment
effects were not evenly distributed in
the tree canopy. Although proximal
and distal fruit responded similarly to
N treatment, this was not the case with
fruit from different levels or orienta-
tions. In top and bottom or west and
east categories, treatment effects were
much less apparent in the more densely
fruited category (bottom and east).
The N : Ca ratios of fruit in the east
quadrant or in the bottom third of the
trees were relatively unaffected by N
treatment. These data may have prac-
tical implications. In canopy regions
where fruit are sparse, individual fruit
N concentrations are likely to be rela-
tively high and Ca concentrations low.
Those regions consequently are the
most susceptible to the undesirable

Table 3. Effects of fruit location within a tree canopy (orientation, level, and position) and tree
N status on fruit weight, peel Ca, and peel N in ‘Comice’ pears.

Fruit in
Location/ Fruit wt category Peel Ca Peel N
N status (g) (%) (ppm) (%) N : Ca

Orientation

West 235 a z 18 a 990 a 0.53 a 5.3 a
East 2 2 6 a 4 0 b 1060 b 0.48 b 4.5 b

Level

T o p 2 4 4 a 2 3 a 9 9 0 a 0.52 a 5.3 a
Bot tom 2 2 7 a 4 8 b 1000 a 0.49 b 4.9 b

Position

Proximal 2 5 0 a 14 a 1020 a 0.54 a 5.3 a
Distal 225 a 4 3 b 1050 a 0.50 b 4.8 a

N status

H i g h 242 a 1100 a 0.58 a 5.3 a
L o w 221 a 9 5 0 b 0.44 b 4.6 b

zValues followed by the same letter for the two orientation, level, position, or N status categories are not
significantly different (P < 0.05).
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Fig. 5. Effects of fruit location within a tree
canopy on peel N : Ca ratio for low- and
high-N ‘Comice’ pear trees. Values followed
by the same letter for orientation, level, or
position category are not significantly
different (P < 0.05). W = west quadrant; E =
east quadrant; T = top third of tree; B =
bottom third of tree; P = proximal third of
branch; D = distal third of branch. Adapted
from Sanchez et al. (1991a).

effects of excessive N in the tree. There
may be advantages to cultural prac-
tices that equalize fruit distribution
throughout the tree and avoid sparsely
fruited canopy regions.

Although N management effects
may differ for canopy locations with
varying fruit density, it is unclear
whether Ca sprays have uneven effec-
tiveness. Since Ca concentrations in
fruit are extremely variable, it is diffi-
cult to distinguish if spray treatments
uniformly increase Ca concentrations.
Preliminary data on Ca : Sr ratios of
fruit in trees sprayed with a mixture of
Ca and Sr salts indicate that fruit Ca
enhancement is relatively uniform
throughout the canopy (T.L.R., un-
published data).

Conclusions
Alternate N fertilization strate-

gies for pear include late-season ground
application and supplementary foliar
urea sprays, partially or entirely replac-
ing spring application. These practices
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likely can build tree reserves, produce
high-N buds in the spring, minimize
groundwater pollution, avoid exces-
sive vigor, and produce fruit with lower
N concentrations. If these evolving N
management strategies can reduce
postharvest decay consistently (as
shown here), growers will have an
economic incentive and environmen-
tal motives to use them. Fruit that are
distributed differently throughout the
tree respond differently to N fertili-
zation, thus canopy management
practices also may be important in
decay prevention. Calcium sprays re-
duce postharvest decay, and these ef-
fects are additive when combined with
fertilizer management for low fruit N.
These nutritional decay prevention
techniques also appear compatible with
other decay control methods. Although
any individual component of a com-
prehensive decay management strat-
egy may not provide satisfactory dis-
ease control, the cumulative effects
from diverse practices should contrib-
ute to the stability and dependability
of control.

The specific N and Ca manipula-
tions described as beneficial in this
paper may not be advantageous for all
tree fruit types or cultivars. Phytotoxic
responses to CaCl2 sprays vary widely,
and some fruit types (e.g., apples) are
able to take up significant amounts of
Ca from briefpostharvest dips (Conway
and Sams, 1983). Peaches sprayed with
CaC12 during the growing season have
increased fruit Ca but are not more
resistant to postharvest infection by
Monilinia Fructicola (brown rot) than
nonsprayed fruit (Conway et al., 1987).
Furthermore, trees in various condi-
tions do not respond uniformly to
variations in timing of N application.
For example, vigorous, large ‘Anjou’
pear trees with substantial N reserves
growing on fertile soil in central Wash-
ington have not produced low-N fruit
when fertilized preharvest as compared
to spring-fertilized trees (T. Smith,
Washington State Univ., personal
communication). We hypothesize that
large trees with substantial N reserves
may be difficult to manipulate by al-
tering the timing of fertilizer applica-
tion.
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Additional index words. soil tempera-
ture, irrigation frequency

Summary. A 2-year study on the
influence of trickle irrigation on the
yield response of potato (Solanum
tuberosum L. cv. Norgold Russet ‘M’)
was conducted at Lubbock, Texas.
The objective was to evaluate the
effects of trickle emitter placement on
yield of #1, #2, marketable, cull,
small, and total tubers. Trickle
emitter lines were positioned 1) on
the soil surface, 2) with the tuber
pieces (4-inch depth), and 3) at S-inch
depth. Irrigation was applied daily to
replenish the water lost the previous
day based on pan evaporation and
crop coefficients. Marketable tuber
yield was ≈ 8.9 to 11 tons/acre for all
irrigation treatments. In both years,
the proportion of misshapen potatoes
(culls) was significantly greater for the
S-inch depth irrigation treatment
than for the surface or 4-inch depth
treatments (2.9 vs. 0.71 and 0.67
tons/acre and 3.3 vs. 0.89 and 1.16
tons/acre, respectively). The mis-
shapen tubers were directly influenced
by trickle emitter placement and
indirectly influenced by temperature
differences within the tuber zone.
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3Associate Professor of Civil Engineering.
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P otatoes are sensitive to water
stress, with water supply influ-
encing quality as well as yield.

Trickle irrigation allows a producer
flexibility in timing, placement, and
quantity of irrigation. Potential ad-
vantages of trickle irrigation are:

1 )

2)

3)
4)

5)
6)

7)
8)

increased beneficial use of
available water
enhanced plant growth and
yield
reduced salinity hazards
improved fertilizer and
chemical applications
limited weed growth
decreased energy require-
ment compared to sprinkler
systems
improved cultural practices
reduced operation labor
through automation

(Bucks et al., 1982; Howell et al.,
1980; Nakyama and Bucks, 1986).

Trickle irrigation is not, however,
a panacea for irrigation. Its potential
disadvantages are:

1) increased maintenance re-
quirements

2) greater salt accumulation
near plants

3) restricted root development
4) increased system costs

(Bucks et al., 1982; Howell et al.,
1980; Nakyama and Bucks, 1986).
High-frequency trickle irrigation has
been used successfully in the south-
eastern United States (Phene and
Sanders, 1976).

Many comparisons have been
made between potatoes produced by
drip irrigation and those grown by
other methods. Sammis (1980) com-
pared the effect of sprinklers, drip,
biwall tubing, subsurface, drip system
buried 4 inches, and furrow irrigation
methods on yield and quality of
‘Kennebec’ potatoes. He concluded
that the lowest irrigation ratios (ap-
plied water divided by consumptive
use) under nonlimiting water condi-
tions were achieved by drip and sub-
surface irrigation for two growing
seasons. Hassan (1985) used different
types of drip emitters (spaghetti, lay-
flat, and seep hose) on bare and
mulched soil, and found that potato
yields were significantly greater with
the spaghetti and lay-flat drip systems
than with furrow and seep hose irri-
gation. The differences were attributed
to differences of the soil thermal re-
gime between the two types of irriga-
tion. Shalhevet et al. (1983), comparing
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