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INTRODUCTION

During the winter of 1968, many non-irrigated golf course greens in
. southwestern Virginia were severely injured by desiccation. Rainfall
for the month of February was only 0.8 cm, and turf injury was accen-
tuated by prevailing cold, dry winds. Many injured greens had to be
re-seeded and the putting turf was not satisfactory until late June.

At the Virginia Polytechnic Institute and State University turf
research center, desiccation was also found on bentgrass with nitrogen
sources. However, supplements containing iron and sulfur improved
bentgrass survival.

A pilot study the next winter also showed that iron reduced injury
by desiccation and gave a desirable green color during the winter.
Since irrigation is normally discontinued in the fall, the use of iron
may prove to be an inexpensive means for the protection of close-cut,
cool-season turfgrasses against winter injury.

As the popularity and occurrence of golf during the off-season
increases, improvement in turf color caused by iron fertilization would
be beneficial. Winter iron may increase chlorophyll content and photo-
synthesis without stimulating top growth. Subsequently, root growth and
carbohydrate storage would be enhanced and may be beneficial to turf
growth and survival during winter and summer stress periods.

As the practice of applying iron during the summer for the purpose
of "greening-up'" putting greens and other turf areas has long been
followed, information was needed to determine the influence of such

treatments on growth and physiology.



Virginia is located in a climatic transition zone where cool-
season turfgrasses are subjected to periods of winter and summer drought.
It would be helpful to obtain information regarding the effects of iron
and nitrogen fertilization on resistance to drought during the winter
and summer.

The research reported here was conducted to evaluate the influence
of iron and nitrogen fertilization at specific times of the year on turf
color, carbohydrate content, and rbot and top growth of creeping bent-

grass (Agrostis palustrus Huds.). Research also involved the effects

‘of iron and nitrogen fertilization on turf resistance to drought during

the winter and summer.



LITERATURE REVIEW

Winter Fertilization Effects on Plant Growth

Recent studies with turf grasses have shown various morphological
and metabolic activities during the winter resulting from winter fer-
tilization. Craigmiles and Crowder (1963) reported that the production
of a temporary winter pasture of domestic ryegrass, crimson clover, and
oats was increased by fall and winter applications of nitrogen up to
5.74 kg N/200m2. Late fall fertilization with nitrogen has been repor-
ted to promote earlier spring green-up of turf without appreciable
vertical growth.1 Fall and winter nitrogen applications of Ky. 31 tall
fescue produced a desirable green color during the winter, yet soluble
carbohydrates remained high.2

Aside from the improvements of turf color from late fall and winter
nitrogen fertilization, Powell, Blaser, and Schmidt (1967a) found that
photosynthesis was also enhanced during the winter and carbohydrates were
not depleted. Net photosynthesis in January was found to be higher than
measurements obtained in June, as dark respiration was nearly three

times higher in June than in January.

1Ledeboer, F. B., and C. R. Skogley. 1968. Effects of late fall
fertilization on the performance of cool season turfgrasses. Agron.
Abst. 59-60.

2Blaser, R. E., R. E. Schmidt, and F. B. Stewart. 1967. Rate and
seasons of applying nitrogen on turf quality and physiology. Agron.
Abst., p. 50.



Decreased mowing heights and increased mowing frequencies have
been reported to decrease the depth and amount of rootiug (Sprague,
1933; Madison, 1962; Beard and Daniel, 1965). However, because of the
special uses of fine turf, little can be done to a¢oid such management
practices. Normally, maximum root growth of cool-season turf occurs
during the spring and fall when cool temperatures restrict top growth.
However, nitrogen applied while grass is still growing actively may
restrict rooting because of carbohydrate depletion due to increased
metabolism and respiration (Schmidt and Blaser, 1969). Powell et al.
(1967b) reported that winter root growth of bentgrass increased when
nitrogen was applied in'October, October—November, or October-December-
February. Without nitrogen or with extremely high rates of nitrogen,
root growth was not enhanced. Low root activity due to excessive rates
of nitrogen was associated with depletion of carbohydrates. Poor root
growth of turfgrasses without nitrogen, on the other hand, was associated
with low metabolic activity.

Hanson and Juska (1961) reported that winter root development of
Ky. bluegrass was increased by fall applications of nitrogen; however,
by May these effects were less evident, as the grass without nitrogen
produced higher root weights during May than that which received fall
nitrogen. The authors reported such results may not be expected from
well-established, mowed turf. They also reported that the results

obtained may be indicative of increased root activity which can occur

during periods of low temperatures.



Effects of Nitrogen on Turf Survival During Stress Periods

Winter Hardiness:

The nature and causes of winter injury to fine turf have been
reviewed by Beard (1965a), Noer (1962), and Watson (1962). Winter
injury to turfgrasses has been characterized as mechanical, such as
heaving and injury caused by traffic and equipment; and physiological,
caused by suffication, scald, or burning of turf under ice or standing
water, disease, and desiccation (Watson, 1962).

Beard (1965b) found that the more homogeneous vegetative bentgrass
'varieties resisted injury from ice cover better than the heterogenous
seeded varieties. The most severe injury of bentgrass occurred when
slush was formed, compacted, and refrozen. Death of the grass was
attributed to an increase in tissue moisture, which in turn raised the
temperature required for ice formation within the plant and consequent
rupture of tissue.

Carroll and Walton (1939) reported that Ky. bluegrass fertilized
with nitrogen at 2.5 kg N/200m2 was less resistant to low temperature
injury than grass without nitrogen. Similar results were found by
Carroll (1943) while studying tolerance of bluegrasé to cold tempera-
tures imposed by refrigeration. The author concluded that nitrogen
fertilization should be avoided while the grass is still capable of
making luxuriant growth.

Winter injury of Penncross bentgrass was reported to be most severe
when the soil pH was high (Rice, 1965). The observation that high pH

decreased root growth was further emphasized by Sprague (1933), who



pointed out that an adequate root system was associated with winter
survival.

The effects of fertilization on the resistance of plants to winter
injury have been related to hardening processes within plants. Dexter
(1956) reported that plants high in nitrogen failed to harden at low
temperatures; whereas high potassium content was beneficial to winter
hardening.

Winter survival of coastal bermudagrass for a given level of
‘nitrogen fertility has been reported to increase with increasing levels
of potassium (Adams and Twersky, 1960). However, for a given level of
potassium, increasing amounts of nitrogen lowered survival.

Reeves, McBee, and Bloodworth (1970) found that a low P/K ratio
increased cold temperature hardiness of Tifgreen bermudagrass. The
greatest freezing damage occurred at the highest P/K ratios. Nitrogen
had little effect on cold hardiness but did increase P and K uptake.

Howell and Jung (1965), using an electrical conductance method to
determine cold resistance, found that the cold resistance of Potomac
orchardgrass decreased under high nitrogen fertilization when applied
between early spring to after harvesting in the fall.

Changes in soluble protein in bermudagrass have been related to
alterations in metabolic processes associated with cold temperature
hardening (Davis and Gilbert, 1970).

The cold hardiness of bermudagrass has been reported to increase
with increasing levels of nitrogen fertilization, provided that P and K

levels were adequate (Gilbert and Davis, 1971). However, when P and K



were not supplied, the cold resistance of plants decreased with increased
nitrogen fertilization. The best winter hardiness occurred when a

balanced fertilization ratio of 4-1-6 was applied.

Summer Hardiness:

The ability of a cool--season turf species to survive during summer
stress periods is associated to management practices such as mowing and
fertilization. However, because of the nature fine turf is used and the
need for asthetic acceptance, little can be done about thése practices.
Liberal nitrogen applications during high temperature periods have been
.found to be detrimental to turf survival. Funk, Engel, and Halisky
(1968) reported that the summer survival of bluegrass varieties was best
at low and medium rates than at the higher rates of nitrogen..

Recovery of several turfgrasses from an artificially imposed drought
was impaired with high as compared to those receiving low nitrogen
(Carroll, 1943). High soil temperatures caused more injury to turf than
similar air temperatures amd the injury to turf appeared to be a direct
thermal effect on the protoplasm. Temperatures lethal to turf varied
with time of exposure and appeared to be between 50 and 60°C. Sugar
content and bound water decreased with applicationsvof nitrogenous
fertilizer; however, these two constituents were unreliable criteria for
ascertaining the relative hardiness of turf to heat, cold, or drought.

Depletion of carbohydrate reserves in response to high soil tem-
peratures and further depletions by increasing nitrogen levels can make
grasses vulnerable to disease and direct injury due to metabolic break

down during stress (Zanoni, Michelson, Colby, and Drake, 1969).



Carbohydrates of creeping bentgrass clippings were highest at higher
temperatures when top growth was 1ow.3 However, the accumulation of
carbohydrates in leaf tissue could not be attributed to a disruption of
translocation of synthesized carbohydrates to lower plant portions.
Madison (1962) reported that increased nitrogen fertility, irrigation,
and mowing enhanced bentgrass density, but the plants were small and
weak due to carbohydrate depletion and subsequently poorly rooted.
These plants were capable of surviving only within narrow ranges of a
controlled environment.

Liberal nitrogen fertilization increased net assimilation rate at
high temperatures, but root and eventually top growth were drastically
reduced (Schmidt, 1965). This reduction in growth was attributed to
low carbohydrate content caused by high energy requirements for respira-
tion and top growth; also the net assimilation rates at high temperatures
were low. The presence of high leaf nitrogen indicated that synthesized
carbohydrates were utilized for vegetative growth, thus limiting carbo-
hydrates available for root growth.

Adaptability of Ky. bluegrass varieties to high temperatures
has been associated with the climatic origin of the cultivars (Younger
and Nudge, 1968). Watschke, Schmidt, and Blaser (1970) reported that
bluegrass cultivars originating from warm regions had a higher tolerance
to high temperature than those originating from cool regions. Differen-

ces were attributed to higher carbohydrate levels and lower nitrate

3Duff, T. D. 1967. Some effects of supraoptimal temperatures upon

creeping bentgrass (Agrostis palustris Huds.) Diss. Abstr. p. 3970-B.




absorption. With decreased N03—N absorption, carbohydrate levels were
conserved as nitrogen metabolism was then limited. Characteristics such
as low N03—N absorption and high carbohydrate levels influenced the

degree of heat tolerance. Fertility practices to conserve carbohydrate

levels would enhance survival under high temperature stress.

Effects of Iron on Plant Growth

A considerable amount of research was conducted on iron metabolism
and deficiencies in calcareous soils; whereas, iron deficiencies are
seldom reported in eastern states where iron availability is normally
adequate (Berger, 1962; Davis, 1969).

In many sections of the eastern United States, iron has been used
for many years maintaining an acceptable green color on bentgrass
putting greens during the summer. Deal and Engel (1965) attributed
the greening up of turf treated with iron to a temporary increase in
chlorophyll in leaves. Iron is a known requirement for chlorophyll
synthesis (Carroll and Price, 1965; Marsh, Evans, and Matrone, 1963;
Agarwala, Sharma, and Kumar, 1964; Agarwala, Sharma, and Farooq, 1965).

Iron deficiency upsets the normal balances in the formation of
specific proteins and enzymes, some of which are stimulated while others
depressed (Agwarala et al., 1965). Marsh et al. (1963) found that the
activity of photosynthetic pyridine nucleotide reductase in cowpeas was
reduced by a limited supply of iron in the nutrient medium. Reduction
of photosynthetic pyridine nucleotide reductase was then related to
decreases in the formation of reduced triphosphopyride nucleotide

(TPNH) and adenosine triphosphate (ATP) during photosynthesis.
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Catalase, peroxidase, aldolase, and phosphorylase were depressed in iron
deficient maize and radish but were restored to normal levels within 72
to 96 hours after additional iron had been supplied. Iron supply has
been significantly correlated with chlorophyll, catalase, and peroxi-

dase contents of timothy and yorkshire fog (Holcus lanatus) (0'Sullivan,

1969).

Wallace and Lunt (1960) as reviewed by Brown (1961) listed causa-
tive factors of iron chlorosis as (a) low iron supply, (b) high calcium
carbonate in soils, (c) bicarbonate in soil or irrigation water, (d)
‘over-irrigation or high water conditions, (e) high phosphate, (f) high
levels of heavy metals such as manganese, copper, zinc, (g) low or high
temperatures, (h) high light intensities, (i) high levels of nitrate
nitrogen, (j) unbalanced cation ratios, (k) poor aeration, (1) certain
organic matter additions to the soil, (m) viruses, and (n) root damage
by nematodes or other organisms.

Iron and zinc were found to be "mutually antagonistic" in corn
seedlings (Adrianc, Paulsen, and Murphy, 1971). With low iron levels,
iron deficiency was prevalent. However, at high levels of iron, zinc
deficiency was accentuated. Similar inferactions of iron, zinc, and
phosphorus have occurred with corn and pinto beans in calcareous soils
(Watanabe, Lindsay, and Olsen, 1965). Corn yields were depressed at
intermediate levels of iron when zinc was added. Reduction in yields,
however, was not related to iron concentrations in the plants but
rather a decrease in Fe/Zn ratios below 1.5.

Since iron is relatively immobile in plants and affected by other

elements, what is normally believed to be iron deficiency can be iron
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immobility (Davis, 1969). Varietal differences of soybeans to iron
chlorosis have been attributed to the capacity of some varieties to
absorb and hold iron in a mobile form (Brown, Tiffin, Holmes, Specht,
and Resnicky, 1959). 1In varieties which exhibited iron deficiencies,
iron was inactivated internally due to combined effects of calcium and
phosphorus. The resulting varietal differences may have been due to

the quality or quantity of natural iron chelators within plants.
Wallace, Shannon, Lunt, and Impley (1957), working with soybeans grown
in nutrient solutions, reported less fixation of ironm on roots when iron
was chelated with EDDHA as compared to iron supplied by FeSOa.

Chelating agents in adequate concentrations affect mobilization and
movement of iron to portions of tomatoes (Ayed, 1970). Since phosphate
was found to accompany iron movement, it was proposed that an initial
diffusion of iron and phosphate from the root was followed by a subse-
quent uptake and translocation of chelated iron. Electropharetic
analysis of a soybean exudate indicated iron citrate to be the major
form in which iron was translocated (Tiffen, 1970). Although iron was
supplied to plants by FeEDDHA, no EDDHA was present in the exudate,
indicating that iron had been transferred to iron citrate for xylem
mobilization.

Environmental factors such as high night temperatures have been
reported to decrease the absorption and translocation of iron in centi-
pedegrass (Teng and Pritchett, 1970). The differences in absorption
and translocation as affected by high temperatures were attributed to:
1) low cation exchange capacity of grass roots grown at high tempera-

tures, and 2) decreases in the availability of soil iron with increasing
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soil temperatures.

Little information has been reported on plant growth as related to
iron supply, but much that is known about iron is based on inter-
relationships with other nutrients. Wallihans and Garber (1968)
reported that the root:top ratios of rice and two species of citrus
varied inversely with the level of iron nutrition as measured by the
iron supply and concentrations in leaves. Although éooting was
increased with increased levels of iron in the growth medium, the
increase in top growth overshadowed root growth as expressed in root:

" top ratios.

Iron, when applied to bluegrass at low fertility, caused a rapid
increase in green color which was reported to last four to five weeks
after application and remained noticeable for 16 weeks (Deal and Engel,
1965). Root growth after 25 weeks of applying iron at 22.4g/200m2
increased when compared to'the check treatment without iron. The

authors concluded that iron improved turf quality for a few weeks after

application at low levels of N, P, and K.



MATERTALS AND METHODS

Experiment T

In July 1969, 929 m2 of Penncross Bentgrass (Agrostis palustris

Huds.) was seeded on a Frederick silt loam. Prior to applying the
treatments, the soil (0-15.0 cm) contained 1.68 kg of phosphorus, 1.22 kg
of potassium, 8.19 kg of calcium, and 0.55 kg of magnesium per 200 m2; a
pH of 6.0; and an organic matter content of 1.807%, as determined by the
VPI and SU Soil Testing Laboratory quick test methods. Total free iron
oxides, determined by the method of Olsen (1965), was 1.277.

In October 1969, a 10-10-10 fertilizer supplying N, P, and K at the
rate of 1.0, .41, and .83 kg/200 m2, respectively, was broadcast over the
entire area. Subsequently, the following 12 treatments were applied

utilizing a randomized block experiment design:

Trpafmentl Total fertilizer/ZOOm2 Month applied

Nitrogen 1.0 kg N Oct.

2.0 kg N Oct., Nov.

3.0 kg N Oct., Nov., Dec.

4.0 kg N Oct., Nov., Dec., Feb.
Fe ED‘I‘A2 25.0 g Fe Oct., Dec.

25.0 g Fe Oct., Nov.

37.5 g Fe Oct., Nov., Dec.

50.0 g Fe Oct., Nov., Dec., Feb.
Nitrogen & Fe EDTA2 1.0 kg N & 12.5 g Fe Oct.

2.0 kg N & 25.0 g Fe Oct., Nov.

3.0 kg N & 37.5 g Fe Oct., Nov., Dec.

4.0 kg N & 50.0 g Fe Oct., Nov., Dec., Feb.

1All plots received 1.0 kg of N, .4 kg P, and .83 kg K/200 m2 in October
supplied by a 10-10-10 fertilizer. Remaining N was supplied by NH4NO3.

2A finely ground, water soluble iron chelate material (Sequestrene 330
Fe) manufactured by Geigy Chemical Corp.).

13
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The plots were 2.44 x 9.73 meters in size, and treatments were repli-
cated three times. ZEach fertilizer was dissolved in 18 liters of water
and applied with a sprinkling can, covering the area three times to
assure uniform coverage.

The plots with N and Fe were fertilized with N, and the iron chelate
was applied about an hour later. Immediately after fertilizing in
October, the area was irrigated with approximately 1.27 cm of water to
prevent burn. No supplemental irrigation was applied after subsequent
fertilizations.

Turf was mowed three times a week at 0.63 cm until top growth ceased
in late November and resumed again in April.

Clipping yields were obtained by mowing a strip lengthwise through
the center of each plot with a standard 55 cm cut gasoline greens mower.
The area mowed in April was equivalent to 4.25 m2 and 0.91 m2 for May
and June.

Clippings obtained on April 17 were weighed, dried at 82°C, and
ground in a Wiley Mill to pass a 40 mesh stainless steel screen. These
samples were subsequently used to determine carbohydrate and mineral
contents of leaf tissue.

Nonstructural carbohydrates were extracted with hot 0.01 N HZSO4
(100°C) for 60 minutes and filtered. Percent dilute acid soluble carbo-
hydrates were then determined colorimetrically using an anthrone method
of Morris (1965) and expressed as percent of dry weight.

Clippings obtained on April 17 were analyzed for mineral content by

the Agronomic Service Laboratory of the Agrico Chemical Company.
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Visual color observations were made at weekly intervals as weather
permitted beginning in February. To insure comparable color measure-
ments between dates and among treatments, color-density measurements
were obtained with a reflectometer (Powell, Blaser, and Schmidt, 1965a)
in November and again in spring as turf '"greenup' occurred.

Fresh sub-samples were obtained from each plot from the April 17
clippings and frozen within one hour for chlorophyll determination
(Madison and Andrews, 1963). Subsequently, 1000 mg of thawed clippings
were placed in an opaque, plastic centrifuge tube and chlorophyll was
extracted for 24 hours at 21.1°C in 50 ml of an 80% ethanol—H20 solution.
The extract was filteréd, taken to 100 ml, and micrograms of chlorophyll
per gram fresh weight of tissue were determined colorimetrically at 660
and 642.5 mp (Comar and Zscheile, 1942).

In September, a Frederick silt loam sampled to a 15 cm depth was
mixed with equal volumes of a coarse sand. This mixture was placed and
firmed to 3.75 cm from the top of aluminum painted steel cans (10.5 x
17.8 cm). From one to four of these cans were then imbedded into the
soil on each plot so the top of the can was 1.25 cm below the soil sur-
face. Turf plugs, removed from the plots to make the holes for the cans,
were trimmed to a 5.0 cm thickness and placed firmly on top of the soil
in the cans and flush with the turf surface. This method assured that
only newly initiated roots would grow into the cans. Three weeks later,
the fertilization schedule, as described earlier, was begun.

To obtain further information on root growth, on April 19, plugs

fro.: each plot measuring 10.0 cm in diameter by 5.0 cm thick were cut in
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half and placed into window boxes (10.2 x 30.5 x 45.7 cm) that contained
a Frederick soil. The cut sides of the plugs were placed against the
glass side of the boxes which were inclined inward 20% to force root
growth against the window. The plugs were irrigated as needed to main-
tain sufficient moisture for rooting. After four weeks, root numbers
were counted at depths of 7.6, 15.2, 22.9, and 30f5 cm below the soil
surface.

One week after the February treatments were applied, turf plugs
10.5 cm in diameter by 17.8 cm thickness were removed from each plot and
" placed in aluminum painted cans. The cans were then placed in a metal
box measuring 0.91 x 1.07 x 2.28 m with a clear, 4 mil plastic roof
designed to prevent precipitation from falling on the plugs. A light
weight aggregate was filled around the plugs to insulate and insure that
only the grass tops would be exposed to the cold, dry winds of late
February énd March. Plugs were arranged in a randomized block design
which was replicated three times and permitted to desiccate for five
weeks. Natural rainfall and supplemental irrigation was used during the
four~week recovery period. Visual observations on percent live material

were recorded during the recovery period.

Experiment II

Summer applications of combinations of nitrogen and iron plus a
maintenance fertilizer treatment, were imposed over each of the 12
winter treatments (Experiment I). The spring-summer treatments were

applied in 2.44 x 29.28 m strips across each block as follows:
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Total fertilizer/

Treatment 200m?2 Date applied
Check 1.0 kg N June 51
Nitrogen 4.0 kg N May 9, June 5,1 June 20, July 21
Fe EDTA2 50.0 g Fe May 9, June 5,l June 20, July 21
Nitrogen & Fe EDTA? 4.0 kg N & May 9, June 5, June 20, July 21
50.0 g Fe

lAll treatments received 1.0 kg N, .41 kg P, and .83 kg K/200m2 supplied
by a 10-10-10 fertilizer. The remaining N was applied by NH4N03.

2A finely ground, water soluble iron chelate compound (Sequestrene 330
Fe) manufactured by the Geigy Chemical Corp.).

Except for the June 5 application, all treatments were applied in
solution with the nitrogen being watered in immediately after applica-
tion and before the iron was applied.

Visual color observations, reflectance measurements, root and top
growth, and percent nonstrﬁctural leaf carbohydrates were determined as
described in Experiment I.

To evaluate the influence of the spring-summer treatments on the
resistance of bentgrass to summer desiccation, plugs 10.5 x 10 cm were
removed from the turf on July 28 and placed in the desiccator as
described in Experiment I.- Visual observations on desiccation were thén

made after August 7.



RESULTS

Experiment 1

Color: Fall and winter applications of nitrogen enhanced the winter and
spring color of bentgrass (Table 1). Color differences due to nitrogen
fertilization declined by mid-winter as the grass had turned brown and
only slight improvement in turf color was evident at the higher fre-
quencies of nitrogen application. With the advent of spring, the color
of turf during March to May was enhanced with each application of nitro-
.gen made the previous fall and winter.

One application of the nitrogen-iron treatment in October did not
give a pronounced foliage color response, and by February turf color
appeared similar to that which received a single application of nitrogen
in October. When nitrogen and iron were applied in combination in Novem-
ber, there was a noticeable color response within 24 hours after appli-
cation. Turf which receivéd three and four applications of nitrogen
plus iron in the fall and winter maintained the most desirable color
throughout the winter and spring.

Applications of iron alone improved turf color slightly during the
winter when compared to the single application of nitrogen alone (Table
1). However, by April the ﬁurf which received iroﬁ alone, regardless
of the application frequency, appeared similar to the turf for the

nitrogen applied in October.

Reflectance: Turf color as shown by reflectance measurements on Nov.
24, indicated that applications of iron, either alone or in combina-

tion with nitrogen, significantly increased the greenness of turf, as
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Table 1. The effects of fall and winter fertilization with nitrogen and iron, applied alone and in
combination, on visual color ratings (color ratings - l-poor, 10-best).

Dates of observation

Dates of application*

2/13 2/21 3/05 3/09 4/04 4/12 4/23 5/10

Nitrogen, 1.0 kg/200m2 (per application)
Oct. 3.0abT  3.0ab 1.3a 1.7a 2.7a 1.7a 4.1a 4.3a
Oct., Nov. 3.7abe 4.3bc 4.0cd 4.0bc 6.7de 5.0c 7.4b 8.0f
Oct., Nov., Dec. 4.3c 4.7¢ 5.3d 6.0d 8.7fg 7.7de 8.9bc 9.7g
Oct., Nov., Dec., Feb. 4.7cd 4.3bc 6.7e 7.7 10.0h 9.7fg 8.9bc 9.7g

Iron, 12.5g/200m2 (per application)

Oct., Dec. 4.3c 5.0c 3.0bc 3.3b 3.3ab 3.0b 4.8a 4.3a
Oct., Nov. 4 .0be 5.7cd 4,3d 3.3b 4.7¢ 3.3b 4.1a 5.3d
Oct., Nov., Dec. 5.7de 7.0d 5.0d 4.7¢ 4.3be 4.7¢ 5.2a 5.0c
Oct., Nov., Dec., Feb. 6.3e 7.04 7.7e 7.0e 6.3d 5.0c¢ 5.2a 5.0c

Nitrogen, 1.0 kg & iron, 12.5¢/200m? (per application)

Oct. 2.7a 2.7a 2.0ab 1.7a 4 ,0bc 1.3a 4.8a 4.7b
Oct., Nov. 6.3e 7.0d 5.0d 6.0d 7.7ef 6.7d 7.7b 6.0e
Oct., Nov., Dec. 8.3f 9.7e 8.7f 9.0f 9.7gh 8.7ef 8.5b 9.7¢g
Oct., Nov., Dec., Feb. 8.7f 9.7e 10.0g 10.0g 10.0h 10.0g 9.6¢c 10.0h

*All treatments had nitrogen at 1 kg/200m2 in October.

tValues within dates having a letter in common do not differ significantly from each other at the 5%
level. Date x treatment interactions were significant at the 5% level.

6T
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there was more light absorption due to the darker green color (Figure
1).

By February, the green color loss for all treatments was at a maxi-
mum; however, the combination treatments applied at the higher fre-
quencies maintained the best color, as evidenced by the higher light
absorption. With the advent of spring, color improvgd with each incre-
ment of nitrogen. Turf which received both iron and nitrogen at the
highest frequency, initiated spring ''green-up' approximately one month
earlier than the remaining treatments and gave the darkest color
'readings.

By April 23, there were no significant differences in reflectance
between the combination treatments and corresponding treatments with
nitrogen alone. Reflectance measurements of turf which had received
iron alone during the fall and winter did not differ from those with a

single October nitrogen treatment.

Chlorophyll: Chlorophyll content of clippings sampled on April 17
increased slightly with each application of nitrogen (Figure 2).
However, of the turf which had received nitrogen alone, only the Oct.-
Nov. treatment differed significantly from the single October nitrogeﬁ
application.

Applications of nitrogen plus iron caused chlorophyll .content of
leaves to increase with each added increment. The highest chlorophyll
contents in turf were obtained from the Oct.-Nov.-Dec.-Feb. combination
treatment, an increase of 427 when compared to the single October nitro-

gen treatment, and 21 and 557 higher than turf which received comparable
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Figure 2. Chlorophyll content of bentgrass leaves as affected by fall
and winter fertilization with combinations of nitrogen and
iron on April 17.
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rates of nitrogen or iron alone, respectively.

Iron, when applied alone, regardless of the frequency, appeared to
have no influence on chlorophyll content of turf, since differences were
not significant in turf that had received different rates of iron when

compared to the single October nitrogen application.

Carbohydrates: Percent nonstructural carbohydrates in clippings sampled

on April 17 ranged from 10.47 for the combination treatment applied in
Oct.-Nov.-Dec.~Feb. to 21.2% for the treatment which received iron alone
in Oct.-Dec. (Fig. 3).

In general, increased nitrogen fertilization during the fall and
winter periods caused significant decreases in carbohydfate contents of
leaf tissue. Applications of nitrogen alone in Oct.-Nov.-Dec.-Feb.
reduced carbohydrates in leaves by 457 when compared to the single
October application.

Iron applied in combination with nitrogen had no significant effect
on percent carbohydrates in leaf tissue when compared with treatments
that had received comparable amounts of nitrogen without iron.

Leaf carbohydrates of turf which had received iron alone in Oct.-
Nov., Oct.-Nov.-Dec., or Oct.-Nov.-Dec.-Feb. were éignificantly higher
than the grass which received nitrogen alone or in combination with
iron at corresponding frequencies. However, no differences in carbo-
hydrate contents occurred when rates of iron alone were compared to the

single October nitrogen treatment.

Mineral Content: Table 2 shows the results of the mineral analyses of

clippings of selected treatments on April 17. Nitrogen content of
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leaves increased with each increment of nitrogen. Turf with three or
four applications of nitrogen gave 36 and 477 more nitrogen than grass
with only an October application of nitrogen. No significant differ-
ences in nitrogen content occurred between turf with iron alone or in
combination with nitrogen when compared with turf that had received
corresponding nitrogen applications.

Foliar potassium contents of turf with three or four applications of
iron alone were lower than all treatments. Although increased frequen-
cies of nitrogen, applied alone or in combination with iron, appeared
to cause slight increases in potassium content, the differences were not
significant.

Nitrogen, when applied in Oct.-Nov.-Dec.-Feb., increased the mag-
nesium contents of grass by 297 when compared with the single October
application. Magnesium contents were highest in grass when nitrogen
and iron were applied together at the higher frequencies. Turf which
received three or four applications of nitrogen plus iron had 59 and 57%
more magnesium than grass with a single October nitrogen treatment.
Although a significant increase was noted when iron was applied alone
three times during the fall and winter, féur applications of iron did
not increase magnesium concentrations when compared to the October
nitrogen application.

Significant increases in copper, manganese, and zinc occurred in
leaf tissue when nitrogen was applied alone or in combination with iron
at the highest frequency. However, the highest accumulations of man-
ganese and zinc were found when nitrogen plus iron was applied in

Oct.-Nov.-Dec.-Feb.



Table 2. Effect of fall and winter fertilization with combinations of nitrogen and iron on the
mineral composition of leaf tissue on April 17, 1970.%

Dates of applicationT N P K Ca Mg Cu Mn Zn Al Fe
Dry matter, % pPpPm
Nitrogen, 1.0 kg/ZOOm2 (per application)
Oct. 3.7a 0.20a 2.4b .80a .l4a 4.3abec  83.3a 26.7a 233b 193a
Oct., Nov., Dec. 4.9¢c  0.27b 2.5b .97b .1l6ab 5.7bcd 94.3ab 31.7b 230b 173a
Oct., Nov., Dec., Feb. 5.3d 0.25b 2.7b .97b .18bc 7.74 105.0b 33.0b 183a 150a
Iron, 12.§g/200m2 (per application)
Oct., Nov., Dec. 3.8 0.23a 2.la .93b .18bc 3.7ab 91.7ab 26.7a 243b 187a
Oct., Nov., Dec., Feb. 3.7ab 0.21a 2.1a .80a .l4a 3.0a 93.3ab .27.7a 217ab 193a
Nitrogen, 1.0 kg & ironLlZ.Sg,/ZOOm2 (per application)
Oct., Nov., Dec. 4.8¢ 0.24ab 2.5b 1.00b .21cd 6.0bcd 100.3ab 33.7b 200ab 170a
Oct., Nov., Dec., Feb. 5.3d 0.23ab 2.7b 1.03b .22d 7.7d 124.0c  37.7¢c 220ab 163a

*Values having a letter in common do not significantly differ from each other at the 5% level.

TAll treatments had nitrogen at 1.0kg/200m2 in October.

9¢
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Clipping Yields: Table 3 gives clipping yields sampled during spring.

Mowing was not required during late November to late March. In spring,
the turf was mowed as justified by growth; hence clipping intervals
varied. Data presented in Table 3 give the treatment comparisons within
a date and do not give seasonal growth patterns.

Foliage weights of bentgrass sampled in the spring generally
increased with frequency of nitrogen applied the previous fall and
winter. Clipping weights on April 17 indicate that nitrogen plus iron,
applied at the higher frequencies, increased top growth when compared
to corresponding treatments with nitrogen alone. By late May, only the
highest frequency of the combination treatment gave consistantly higher
yields than the comparable nitrogen treatment.

Top growth of turf which received iron alone during the fall and
winter, regardless of the application frequency, was low during the
spring and differed little from the nitrogen alone treatment applied in
October.

By June 29, differences in foliage weights resulting from fall and

winter fertilization were no longer significant.

Root.Gggygh: Rates and combinations of nitrogen and iron during fall
and winter did not cause significant differences in root growth of bent-
grass in December and February, but there were large differences by
April (Table 4). The lowest spring root growth occurred on turf with

a single application of nitrogen in October. Each increment of nitrogen
the previous fall and winter, through December applications, generally

increased root weights.
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Table 3. Clipping yields (kg fresh weight/200m2) of bentgrass as
affected by fall and winter fertilization with combina-

tions of nitrogen and iron at various frequencies.

Treatment and dates

Date of sampling

of application¥* April 7 April 17 May 28 June 29
Nitrogen, 1.0 kg/200m?2
(per application)
Oct. 14.29a 10.8l1ab 1.69%9a 3.78a
Oct., Nov. 24 .,42¢c 12.91b 2.44bc 3.74a
Oct., Nov., Dec. 33.424d 25.724d 3.25de 4,18a
Oct., Nov., Dec., Feb. 50.58e 32.76e 3.43e 4.46a
Iron, 12.5¢/200m2
(per application)
Oct., Dec. 15.18a 9.61la 1.93ab 3.45a
Oct., Nov. 15.49a 9.69ab 1.96ab 3.69a
Oct., Nov., Dec. 18.87ab 10.79ab 2.11ab 3.98a
Oct., Nov., Dec., Feb. 16.72a 10.53ab 1.67a 3.87a
Nitrogen, 1.0 kg & Fe,
12.5g/200m? (per
application)
Oct. 13.88a 9.88ab 2.07abe 3.16a
Oct., Nov. 23.35bc 11.43ab 2.04adb 3.69a
Oct., Nov., Dec. 37.03d 23.29¢ 2.75cd 3.85a
Oct., Nov., Dec., Feb. 59.71f 36.53f 3.63e 4,02a

*Values within dates having a letter in common do not differ signifi-

cantly at the 5% level.



Table 4. The effect of combinations

of nitrogen and iron (grams dry wt/can) at various

frequencies during the fall and winter on bentgrass root growth.*

Dates of single Total nitrogen and/or Root weights

application iron/200m2 Dec. Feb. April
Oct. 1.0 kg N .0la .07a .85a
Oct., Nov. 2.0 kg N .05a .07a 1.29abcd
Oct., Nov., Dec. 3.0 kg N * .04a 1.65d
Oct., Nov., Dec., Feb. 4.0 kg N * *
Oct., Dec. 25.0 g Fe * .1l4a .90ab
Oct., Nov. 25.0 g Fe .04a .10a 1.33bcd
Oct., Nov., Dec. 37.5 g Fe * .N5a 1.56cd
Oct., Nov., Dec., Feb. 50.0 g Fe * * 1.19abcd
Oct. 1.0 kg N & 12.5 g Fe .02a .07a 1.01ab
Oct., Nov. 2.0 kg N & 25.0 g Fe .02a .07a 1.18abced
Oct., Nov., Dec. 3.0 kg N & 37.5 g Fe * .0la 1.21abcd
Oct., Nov., Dec., Feb. 4.0 kg N & 50.0 g Fe * * 1.00ab

*Values within dates having a letter
at the 57 level.

in common do not significantly differ from each other

6¢
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Table 5. The effects of combinations of nitrogen and iron during
the fall and winter on number of roots during five weeks
after placement in root window boxes May 24, 1970.

Treatment and dates Depth

of application®* 7.0 cm 15.2 cm 22.9 cm 30.5 cm

Nitrogen, 1.0 kg N/200 m2
(per application)

Oct. 14.0 23.3 44,7 34.7
Oct., Nov. 14.7 41.3 61.0 58.3
Oct., Nov., Dec. 22.7 38.7 49,7 58.3
Oct., Nov., Dec., Feb. 16.3 29.7 43.0 46.0

Iron, 12.5g/200m2
(per application)

Oct., Dec. 26.3 32.7 36.7 31.3
Oct., Nov. 16.0 46.7 32.7 32.3
Oct., Nov., Dec. 24,3 35.37 40.3 38.0
Oct., Nov., Dec., Feb. 26.0 37.0 38.0 46.7
Nitrogen, 1.0 kg N and Iron,

12.5g/200m* (per application)

Oct. 25.3 30.7 47.3 33.0
Oct., Nov. 24.3 41.0 45.0 58.7
Oct., Nov., Dec. 26.3 36.0 58.7 55.3
Oct., Nov., Dec., Feb. 20.7 30.3 32.0 26.7
L.S.D. .15 N.S. N.S. N.S. 13.0

*All treatments had nitrogen at 1.0 kg/200m2 in October.
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Turf with iron, alone or in combination with nitrogen, gave respon-
ses similar to the nitrogen alone treatments; however, root weights of
turf that had been fertilized with nitrogen plus iron appeared slightly
 lower than for comparable frequencies of nitrogen or iron alone.

Results with the window box root study conducted in April-May gave
trends similar to those of the can study (Table 5). Combinations of
nitrogen and iron generally produced more roots at thé 30.5 cm depth
with each successive increment. The fourth application of nitrogen
with iron was an exception, root growth development being less than the

-third application.

Winter Desiccation: With increasing frequencies of applying nitrogen,

turf recovery from drought generally diminished (Figure 4). Four weeks
after water was applied to the drought imposed turf, only 107 of the
grass fertilized with three or four applications of nitrogen was viable
as compared to 55 and 53% for the bentgrass receiving one and two appli-
cations of nitrogen, respectively.

Iron, applied with nitrogen, generally increased turf recovery with
increased frequency of application. Turf plots receiving three and four
applications of iron and nitrogen, respectively, maintained 68 and 607
live material after four weeks of recovery.

Applications of iron alone did not appear to aid grass recovery
from drought, with the exception of turf that had received three appli-
cations of iron. By April 24, this treatment maintained 75% live
material and gave the best recovery from drought of all the treatments.
Turf with three applications of iron alone had only 8% more viable

material than grass receiving three iron applications in combination
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with nitrogen and 657 more live material than for turf with three

nitrogen applications.

Experiment IT

Color: Visual color ratings taken on June 10 indicated that the effects
from fall-winter fertilization had diminished by this date, but the
effects from spring fertilization were evident (Table 6). Applications
of nitrogen or iron, applied alone, improved turf color when compared to
the maintenance treatment that had received one application of nitrogen
in June. Further enhancement in color occurred from applications of the
combination treatment.

Spring applications of nitrogen improved turf color by June 27, as
indicated by visual color ratings and reflectance measurements (Tables
7 and 8). .Iron, when applied with nitrogen, enhanced turf verdure, and
gave the best visual ratings and light absorption.

Color of grass that had received iron alone during the spring was
slightly better than the maintenance treatment; however, color was
poorer than turf which had received nitrogen alone or in combination

with iron (Tables 7 and 8).

Clipping Yields: Yields on May 28 indicate that top growth was still

influenced by the fall-winter fertilization program (Table 9).
Although the effects of the spring fertilization were noticeable 18
days after application, the small differences indicate that nitrogen
alone or in combination with iron did not cause a lush growth.

By June 29, top growth was no longer significantly affected by the

fall-winter fertilization; however, the effects of the spring applications



Table 6. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on turf color obtained on June 10, 1970 (l-poorest, l0-best)*

Fall-winter

Spring-summer fertilization (total fertilizer/200m<)

X N, 2.0 kg +

fertilization N, 1.0 kg N, 2.0 kg Fe, 25.0 g Fe, 25.0 g Avg.
Nitrogen, 1.0 kg/200m2
(per application)
Oct. 2.17 5.67 5.50 9.00 5.58bcd
Oct., Nov. 2.33 6.33 5.67 9.33 5.92cde
Oct., Nov., Dec. 1.50 5.67 5.33 9.00 5.38b
Oct., Nov., Dec., Feb. 1.67 4,83 5.17 7.67 4.84a
Average 1.91 5.62 5.41 8.75 5.43bed
Iron, 12.5g/200m2
(per application)
Oct., Dec. 2.17 6.17 5.50 8.63 5.66bcd
Oct., Nov. 2.17 6.33 6.00 8.83 5.83bcd
Oct., Nov., Dec. 2,17 6.33 5.83 9.33 5.97de
Oct., Nov., Dec., Feb. 2.33 7.00 6.33 9.50 6.29%e
Average 2,21 6.45 5.91 9.07 5.93
Nitrogen, 1.0 kg & Fe,
12.5¢/200mZ (per application)
Oct. 2.33 6.00 5.83 9.00 5.79bcd
Oct., Nov. 2.50 5.83 5.67 8.83 5.71bed
Oct., Nov., Dec. 2.00 6.50 5.50 9.33 5.83bed
Oct., Nov., Dec., Feb. 1.67 6.00 5.33 8.83 5.46bc
Average 2.12 6.08 5.58 8.99 5.69
Grand average 2.08a 6.04b 5.64b 8.9%4c

*Values in rows or columns with a letter in common do not differ significantly at the 57 level.
(Statistical analysis is presented in Table 14.)

ve



Table 7. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on turf color obtained on June 27, 1970 (l-poorest, 1l0-best).*

Fall-winter

Spring-summer fertilization (total fertilizer/200mZ)

N, 3.0 kg +

fertilization N, 1.0 kg N, 3.0 kg Fe, 37.5 g Fe, 37.5 g Avg.
Nitrogen, 1.0 kg/200m2
(per application)
Oct. 3.83 8.00 6.00 9.17 6.75a
Oct., Nov. 4,33 8.33 6.00 9.50 7 .04abe
Oct., Nov., Dec. 4.00 8.67 6.33 9.50 7.13bc
Oct., Nov., Dec., Feb. 4.50 8.50 6.50 9.33 7.21c
Average 4.16 8.38 6.21 9.38 7.03 .
Iron, 12.5g/200m2
(per application)
Oct., Dec. 3.83 8.17 5.83 9.33 6.79ab
Oct., Nov. 3.83 7.83 6.00 9.17 6.71a
Oct., Nov., Dec. 4.00 8.17 6.17 9.17 6.88abc
Oct., Nov., Dec., Feb. 4.17 8.17 6.50 9.50 7.08abc
Average 3.96 8.08 6.12 9.29 6.86
Nitrogen, 1.0 kg & Fe,
12.5g/200m? (per application)
Oct. 4,00 8.17 6.00 9.17 6.84ab
Oct., Nov. 4.00 8.17 5.83 9.33 6.83ab
Oct., Nov., Dec. 4.00 8.33 6.17 9.50 7.00abc
Oct., Nov., Dec., Feb. 4.50 8.50 6.50 9.33 7.21c
Average 4,12 8.29 6.12 9.33 6.97
Grand average 4.,08a 8.25¢c 6.15b 9.33d

*Values in rows or columns with a letter in common do not differ significantly at the 5% level.
(Statistical analysis is presented in Table 14.)
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Table 8. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on turf color (reflectance) on June 27, 1970 (8-poorest, &4-best).*

Spring—summer fertilization (total fertilizer/200m%)

Fall-winter

.t N, 3.0 kg &

fertilization N, 1.0 kg N, 3.0 kg Fe, 37.5 g Fe, 37,5 & Avg.
Nitrogen, 1.0 kg/ZOOm2
(per application)
Oct. 7.18 6.35 6.48 6.08 6.52a
Oct., Nov. 7.07 6.38 6.43 5.98 6.46a
Oct., Nov., Dec. 7.07 6.20 T 6.45 5.98 6.42a
Oct., Nov., Dec., Feb. 6.75 6.23 6.38 5.90 6.32a"
Average 7.02 6.29 6.44 5.98 6.43
Iron, 12.5g/200m2
(per application)
Oct., Dec. 6.95 6.23 6.35 6.02 6.39a
Oct., Nov. 6.73 6.33 6.45 5.95 6.36a
Oct., Nov., Dec. 6.75 6.23 6.57 5.97 6.38a
Oct., Nov., Dec., Feb. 6.72 6.17 6.33 5.93 6.29a
Average 6.79 6.24 6.42 5.97 6.36
Nitrogen, 1.0 kg & Fe,
12.5¢/200m2 (per application)
Oct. 6.92 . 6.15 6.42 6.13 6.40a
Oct., Nov. 7.07 6.35 7.47 6.00 6.47a
Oct., Nov., Dec. 7.03 6.15 6.48 5.88 6.38a
Oct., Nov., Dec., Feb. 6.78 6.08 6.55 5.95 6.34a
Average 6.99 6.18 6.48 5.99 6.40
Grand average 6.92d 6.24b 6.48c 5.98a

*Values in rows or columns with a letter in common do not differ significantly at the 57 level.
(Statistical analysis is presented in Table 14.)
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Table 9. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on bentgrass top growth (grams fresh weight/0.9lm2) on May 28,1970.%

Spring-summer fertilization (total fertilizer/ZOOﬁZ)

Fall-winter

. . N, 1.0 kg &

fertilization Check N, 1.0 kg Fe, 12.5 g Fe, 12.5 g Avg.
Nitrogen, 1.0 kg/200m2
(per application)
Oct. 6.8 9.3 6.5 8.2 7.7a
Oct., Nov. 9.8 13.3 9.3 11.8 11.1bc
Oct., Nov., Dec. 12.6 14.3 15.6 16.6 14.8de
Oct., Nov., Dec., Feb. 15.9 16.8 13.2 16.8 15.6e -
Average 11.3 13.4 11.5 13.4 12.3
Iron, 12.5g/200m?
(per application)
Oct., Dec. 6.1 12.5 6.8 9.8 8.8ab
Oct., Nov. 7.3 11.8 7.8 8.9 8.9ab
Oct., Nov., Dec. 8.0 10.9 8.2 11.3 9.6abc
Oct., Nov., Dec., Feb. 6.3 10.2 7.0 7.5 7.8a
Average 6.9 11.4 7.5 9.4 8.8
Nitrogen, 1.0 kg & Fe,
12.5g/200m4 (per application)
Oct. 9.8 11.6 6.2 10.2 9.4abc
Oct., Nov. 7.8 11.3 6.9 10.9 9.3ab
Oct., Nov., Dec. 11.0 14.8 12.5 11.8 12.5cd
Oct., Nov., Dec., Feb. 15.4 17.3 17.9 15.4 16.5e
Average 11.0 13.8 10.9 - 12.1 11.9
Grand average 9.7a 12.8b 9.8a 11.6b

*Values in rows or columns with a letter in common do not differ significantly at the 57 level.
(Statistical analysis is presented in Table 14.)
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Table 10. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on bentgrass top growth (g fresh wt/0.91m2) on June 29, 1970.%

Spring-summer fertilization (total fertilizer/ZQOmZ)
N, 3.0 kg &

Fall-winter

fertilization N, 1.0 kg N, 3.0 kg Fe, 12.5 g Fe, 12.5 & Avg.
Nitrogen, 1.0 kg/200m2
(per application)
Oct. 11.3 25.0 1.03 22.0 1.72a
Oct., Nov. 12.3 22.0 13.3 20.3 17.0a
Oct., Nov., Dec. 13.0 28.7 10.3 24.0 19.0a
Oct., Nov., Dec., Feb. 12.0 27.0 14.7 27.3 20.2a
Average 12,2 25.7 12.2 23.4 1.84
Tron, 12.5¢/200m2
(per application)
Oct., Dec. 12.0 21.0 9.3 20.3 15.6a
Oct., Nov. 11.3 23.0 11.3 21.3 16.7a
Oct., Nov., Dec. 13.0 27.0 11.0 21.3 18.1a
Oct., Nov., Dec., Feb. 12.7 25.7 10.7 21.3 17.6a

Average 12.2 24,2 10.6 21.0 17.0

Nitrogen, 1.0 kg & Fe,
12.52/200m% (per application)

Oct. 8.3 21.3 9.0 19.0 14.4a
Oct., Nov. 10.0 22.3 11.7 23.3 16.8a
Oct., Nov., Dec. 10.7 24.3 12.7 22.3 17.5a
Oct., Nov., Dec., Feb. 12.7 25.7 11.7 23.0 1.83a
Average : 10.4 23.4 11.3 21.9 16.8
Grand average 11.6a 24 . 4¢ 11.4a 22.1b

*Values in rows or columns with a letter in common do not differ significantly at the 5% level.
(Statistical analysis is presented in Table 14.)

8¢
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were prominent (Table 10). The heaviest foliar growth was obtained from
grass which had received three applications of nitrogen alone, a two-
fold increase over the maintenance treatment.

Iron, when applied in combination with nitrogen, tended to suppress
top growth when compared to grass with nitrogen alone at the same
frequency. This occurred on both the May 28 and June 29 dates.

Top growth was not affected by applications of iron alone; the
ciipping yields of grass with this treatment were similar to those of

the spring maintenance treatment.

' Carbohydrates: By June 29, the percent carbohydrates of turf was no

longer affected by fall and winter fertilization (Table 11). Carbohy-
drate levels of leaf tissue were low for all spring treatments when
compar:d to those obtained during April (Figure 3 and Table 11).

Turf with spring applications of iron alone had the highust per-
cent carbohydrates of the spring treatments but did not differ signifi-
cantly from the maintenance treatment.

Carbohydrates in grass receiving a total of 3.0 kg N per 200m2,
applied either alone or in combination with iron, were approximately
10% lower than for the maintenance tr.atment with a single application

of nitrogen in June.

Root growth: Root weights from cans indicated that fall-winter fertili-
zation no longer affected root development by July 1 (Table 12).
However, turf with the iron-nitrogen combination applied during spring
had considerably more root growth than the other spring fertility

treatments.



Table 11. Carbohydrates in leaf tissue (dry matter, %) as affected by fall-winter and spring-

summer fertilization with nitrogen and iron applied alone or in combination on June
29, 1970.%*

Spring-summer fertilization (total fertilizer/ZOOm%l_
N, 3.0 kg &

Fall-winter -

fertilization N, 1.0 kg N, 3.0 kg Fe, 12.5 g Fe, 12.5 g Avg.
Nitrogen, 1.0 kg/200m2
(per application)
Oct. 9.69 9.04 8.64 8.54 8.98a
Oct., Nov. 9.46 8.70 9.28 8.72 9.04a
Oct., Nov., Dec. 8.42 8.24 9.40 8.22 8.57a
Oct., Nov., Dec., Feb. 8.75 8.70 8.01 8.02 8.37a
Average 9.08 8.67 8.83 8.37 8.74
Iron, 12.5g/200m?
(per application)
Oct., Dec. 9.33 8.36 10.77 9.18 9.41a
Oct., Nov. 8.89 8.56 9.80 7.91 8.79a
Oct., Nov., Dec. 9.28 8.35 9.23 8.32 8.80a
Oct., Nov., Dec., Feb. 9.34 8.42 9.13 8.04 8.73a
Average 9.21 8.42 9.73 8.36 8.93
Nitrogen, 1.0 kg & Fe,
12.5¢/200m4 (per application)
Oct. 9.47 9.05 10.18 8.72 9.35a
Oct., Nov. 9.15 8.25 9.22 8.72 8.84a
Oct., Nov., Dec. 9.20 8.57 9.42 8.14 8.93a
Oct., Nov., Dec., Feb. 9.13 7.49 9.02 7.86 8.37a
Average 9.24 8.34 9.46 8.36 8.87
Grand average 9.18b 8.48a 9.34b 8.36a

*Values in rows or columns with a letter in common do not differ significantly at the 5% level.
(Statistical analysis is presented in Table 14.)

0%



Table 12. The effects of combinations of nitrogen and iron applied during the fall-winter and
spring-summer seasons on Penncross bentgrass root development (grams dry weight) on
July 1, 1970.

Spring-summer fertilization (total fertilizer/200m%)
N, 3.0 kg &

Fall-winter

fertilization N, 1.0 kg N, 3.0 kg Fe, 37.5 g Fe, 37.5 g Avg.
Nitrogen, 1.0 kg/200m?
(per application)
Oct. 4.37 2.72 4.14 3.72 3.73a
Oct., Nov. 2.68 2.70 3.44 4.06 3.22a
Oct., Nov., Dec. 2,83 2.47 2.62 3.73 2.91a -
Oct., Nov., Dec., Feb. 3.56 2.81 '2.73 4.83 3.48a

|
|
|
|

Average 3.36 2.67 3.23 4.08 3.34

Iron, 12.5g/200m?
(per application)

Oct., Dec. 3.85 3.23 3.88 4.63 3.90a
Oct., Nov. 3.86 3.51 3.34 4.62 3.83a
Oct., Nov., Dec. 3.27 3.71 3.25 5.23 3.86a
Oct., Nov., Dec., Feb. 3.38 2.93 3.51 3.56 " 3.34a
Average 3.59 3.34 3.49 4.51 3.73
Nitrogen, 1.0 kg & Fe,

12.5g/200m* (per application)

Oct. 3.29 2.83 3.14 6.21 3.86a
Oct., Nov. 2.43 3.12 3.80 3.64 3.25a
Oct., Nov., Dec. 4,74 2.76 2.24 3.26 3.25a
Oct., Nov., Dec., Feb. 4.25 2.34 3.27 4.91 3.69a
Average 3.68 2.76 3.11 4,51 3.51
Grand average 3.54a 2.92a 3.28a 4.36b

*Values in rows or columns with a letter in common do not differ significantly at the 5% level.
(Statistical analysis is presented in Table 14.)

1%}
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The lowest root yields for the four spring treatments occurred
with applications of nitrogen alone. Grass that had iron alone
increased slightly in root growth when compared to grass fertilized
with nitrogen alone; however, both treatments were not statistically

different from the spring maintenance treatments.

Summer Desiccation: Results of the summer desiccation study are given

in Table 13. The means presented for each spring-summer treatment
within a given date were averaged over the four selected winter treat-
ments, which did not significantly affect desiccation by this time.
Although spring and summer applications of nitrogen alone appeared
to give the best resistance to summer drought, significant differences

among treatments were not obtained for any of the seven sampling dates.



Table 13. Effects of spring-summer applications of combinations of nitrogen and iron applied on
the resistance of bentgrass to summer desiccation (l-poorest, 10-best).*

Treatment Dates observed
(total fertilizer) 8/08 8/09 8/10 8/11 8/12 8/13 8/17
Nitrogen (1.0 kg N/200m2) 9.75a 9.08a 7.42a 6.42a 3.92a 2.58a 2.58a
Nitrogen (4.0 kg N/200m%) 9.83a  9.75%a  8.42a  8.08a  6.42a  h.h2a  3.58a
Iron (50.0 g Fe/200m2) 9.75a 9.50a 8.67a 7.92a 5.33a 2.67a 2.67a
Nitrogen (4.0 kg N/ZOOmz) &
Iron (50.0 g Fe/200m2) 8.33a 7.67a 7.25a 6.58a 5.33a 2.33a 2.17a

*Values within dates with a letter in common do

not differ significantly at the 57 level.

1%



DISCUSSION

Color: As the popularity of golf during the off-season increases, it
becomes desirable to maintain turf verdure withou:t causing future injury
to grass. The need for improved green color is not limited to golf cour-
ses but also to other turf areas where asthetic enhancement is wanted.

The most desirable turf color was maintained on bentgrass during
the winter and spring months by frequent fall and winter applications
with nitrogen plus iron., This improvement in turf verdure did not
carry over from fall fertilization as the green color disappeared by
late winter when the combination treatment was discontinued after October
and November.

The color response of turf caused by the combination treatment
appears to be a synergistic relationship between plant uptake of the
nitrogen and iron. In October, when applying nitrogen in a granular
form and iron in solution, the slight color improvement may have been
attributed to the iron being washed off the leaves by the irrigation.
When nutrients were applied in solution in November, without supplemental
irrigation, the nitrogen--iron treated turf had evidence of color improve-
ment within 24 hours and was much better than iron alone.

Although both nitrogen and iron are required for chlorophyll develop-
ment (Ledeboer, Skogley, and Mckiel, 1971; Deal and Engel, 1965), chloro-
phyll contents were generally lower when nitrogen or iron was applied
alone than when applied together. It appears that either iron or nitro-
gen deficiency may limit chlorophyll production during the winter.

The availability, uptake, and translocation of iron were found to

44
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increase with temperature (Tisdale and Nelson, 1966). Differences in
plant morphology, cation exchange capacity of roots, and low night
temperatures affect iron availability and translocation in centipede-
grass (Teng and Pritchett, 1971). That color improvement continued
during the winter, even after fertilizers were applied to frozen soils,
suggests that the iron may have been foliar absorbed.

Absorption of foliar applied iron has been attributed to leaf
stomata (Eddings and Brown, 1967). Foliar absorption of iron by bent-
grass was possibly enhanced by applying it with ammonium nitrate, as
" Kannan and Wittwer4 found a similar response when iron was applied in
combination with urea. They also found that while chelation of iron
with EDDHA and EDTA reduced irpn absorption, the translocation and
mobility of iron increased. It appears that the increase in color and
chlorophyll content of the combination treatment may have been caused
by increased uptake and translocation of iron and nitrogen which would
normally be low during winter.

Chlorophyll content of turf has been associated to fall and winter
nitrogen (Ledeboer et al., 1971). Possibly the increases in chlorophyll
content were due to the increases in leaf nitrogen with the frequent
nitrogen applications. However, chlorophyll contents were higher when.
iron was applied in conjunction with nitrogen at given frequencies.
Also, it was noted that iron fertilization did not affect either the

nitrogen or iron contents when sampled in April. These results suggest

4Kannan, S., and S. H. Wittwer. 1965. Effects of chelation and urea on
iron absorption by intact leaves and enzymically isolated leaf cells.
P1l. Physiol. 40:xii.
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that neither nitrogen nor iron per se was responsible for the increases
in chlorophyll. However, magnesium, manganese, and zinc contents were
highest when nitrogen and iron were applied in combination at the higher
frequencies. Since these elements have been found to affect chlorophyll
production (Sprague, 1964), the higher levels of these nutrients may be
responsible for the differences in chlorophyll content between the nitro-
gen alone and the combination treatment.

Although fall and winter applications of nitrogen alone improved
turf color only slightly during the winter, by spring the color of
bentgrass was significantly enhanced with each increment applied. Turf
which received the higher frequencies of nitrogen alone began ''greening-
up" in March, when cool temperatures restricted top growth. By April,
the color of grass fertilized with nitrogen alone was similar to turf
with comparable frequencies of the combination treatment.

Iron has been commonly used for maintaining an attractive green
color on bentgrass putting greens during the summer (Deal and Engel,
1965). While the use of iron alone improved turf color slightly in
November, grass color by late winter appeared grayish green. Possibly
the grayish cast of turf which received iron alone during the fall and
winter resulted from a staining effect by the iron chelate.

When considering the color response of turf to the combination
treatments, it becomes evident that nitrogen is essential for chloro-
phyll development. Splitting the nitrogen applications may be bene-
ficial if turf is to be maintained at low levels of fertility, since
plant uptake of nitrogen as well as iron would be less during the

winter when soils are frozen.
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Fertilization of bentgrass was avoided during March and April, as
nitrogen applied at this time may stimulate top growth at the expense of
the newly forming root system (Madison, 1962). The effects of fall and
winter fertilization on turf color were hardly evident by June; late
spring fertilization was needed to maintain good turf appearance.

Iron, when applied to turf maintained at low fertility, has been
shown to temporarily improve color during the summer (Deal and Engel,
1965). However, this study shows that iron was beneficial to turf color
when grass was maintained at a high nitrogen fertility during summer.

The differences in turf color between the combination and nitrogen alone
treatments were slight.' However, turf color on plots with iron alone was
poor because of the lack of vigor resulting from low nitrogen. Although
iron may aid in improving turf color during the spring and summer, in this
research nitrogen was needed to maintain turf verdure.

The two methods utilized for turf color determination (visual
color ratings and reflectance) were significantly correlated (r=-.47)
at the 17 level. Reflectance measurements ga§e good color assesments

among dates and between treatments.,

Carbohydrates: After defoliation, turf top regrowth, root growth, and
energy needed for respiration during periods of stress depend to a large
extent on carbohydrate reserves. Thus adequate feserves of carbo-
hydrates are considered desirable.

Carbohydrates in leaves sampled on April 17 were generally reduced
with each increment of nitrogen, either alone or in combination with
iron. Studies by Powell et al. (1967a) showed a similar relationship;

however, they also showed that carbohydrate levels and photosynthesis
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were increased during the winter with increased fall and winter nitrogen
fertilization. Carbohydrate levels in the present study were possibly
reduced because of the active root and top growth at the time of sampling.

Leaf carbohydrates of turf with the combination treatment were
similar to nitrogen alone, but the top growth was significantly higher
for grass with the combination treatment than for ni;rogen aloné.

Since the increased top growth did not deplete leaf carbohydrates,
either high carbohydrate reserves were present in the basal tissues or
net photosynthesis may have been increased by the iron in combination
"with nitrogen. The higher carbohydrate levels in turf with iron alone
or with infrequent nitrogen applications m:y be associated with the low
rate of growth previous to the April sampling.

Leaf carbohydrates sampled in June were low for all spring fertili-
zer treatments when compared to those in April. Decreased carbohydrates
in turf during the summer have been associated with increased respiration
demands imposed by high temperatures (Schmidt, 1965; Green and Beard,
1969; Watschke and Schmidt, 1969). Only slightly higher leaf carbohy-
drates were observed in June on the spring maintenance treatment (1.0 kg
N/200m2) than turf with later aéplications of nitrogen (3.0 kg N/200m2).
However, top growth was increased two-fold by the higher nitrogen rate..
Apparently, while respiration rates were high, net photosyqthesis for
grass with the high rate of nitrogen may have increased to prevent car-

bohydrate depletion.

Clipping Yields: Little top growth occurred between December and early

March. However, foliar growth of bentgrass during the spring was

enhanced with each increment of fall and winter applications of nitrogen
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or nitrogen and iron. Similar results were obtained by Powell et al.

(1967a) for nitrogen alone. Turf with low frequencies of nitrogen or

applications of iron alone in the fall and winter gave very low spring
clipping yields.

Frequent fall and winter applications of nitrogen, alone and with
iron, produced the highest clipping yields in the spring. However, it
appears that nitrogen applications in February were too close to spring,
as lush growth occurred. In addition to the high clipping yields, these
treatments caused low carbohydrates and reduced root growth when sampied
in April.

Frequent fall and winter applications of the combination treatment
generally gave higher clipping yields in the spring than turf with com-
parable nitrogen alone treatments; but when the same treatments were
applied in the spring, this trend was reversed. Since grass with the
higher frequencies of the combination treatment was darker in color
during the winter and spring, more light energy may have been absorbed
by turf and increased plant temperatures. Hence, higher temperatures may
account for the earlier "spring green-up" and increased clipping yields
of grass receiving the combination treatmenté.

The causes of the slight reduction of top growth of turf which
received nitrogen plus iron in the spring appear uncertain at the present
time and may be due to several complex factors not studied in this experi-
ment. Carbohydrate levels were similar for the nitrogen alone and com-
bination treatments; yet spring root growth increased in grass which
received nitrogen plus iron. Possibly, photosynthates produced by turf

with the combination treatment had been translocated and utilized for
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root growth rather than for foliage production. Also, lower nitrate
absorption may account for the top growth reduction. Carbohydrates would
be conserved and available for root growth in the spring, since top

- growth stimulation would be limited. Because nitrate analysis and photo-
synthesis data are not presently available, additional study is needed to
confirm the mechanisms involved in this response.

Winter x summer interactions were not significant for any of the
spring-summer clipping yields. The low clipping yields of turf ferti-~
lized only in the fall and winter indicate that additional late spring
and early summer fertilization is required to maintain turf density and

vigor through the summer months.

Root growth: Root samples obtained in December and February indicated
that little root growth occurred during the winter. However, by April,
average root weights had increased seventeen fold over those sampled
in February. Root growth of turf which received nitrogen or iron alone
increased with each increment applied during the fall and winter, with
the exception of those fertilized in February. It has been suggested
that root growth may be correlated with the translocation of sugars from
the leaves to the roots (Soper, 1957). The excessive top growth asso-
ciated with the February nitrogen fertilization may have severely
utilized carbohydrates'and inhibited root development.

Although the root weights of the combination treatment were not
statistically different from turf which received 1.0 kg N/200m2 in
October, root growth generally appeared to increase with each increment

applied. Significance was limited by a large error term in the analysis

of variance and may have been overcome by increasing the number of
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replications used in this study.

Results from the window box study in the spring also showed that
depth of rooting was generally enhanced with increasing frequencies of
fertilization with combinations of nitrogen and iron, the exception being
turf plots which received nitrogen in February. This reduction of root
development caused by the February nitrogen applications again reflects
the effects of excessive top growth, which limits rooting by utilizing
carbohydrates in metabolism. The plugs were not mowed during the five-
week rooting period, however, and may have affected the results.

A synergistic relationship appears evident in the effects of the
spring applications of the combination treatment on root growth.
Applications of the nitrogen plus iron treatment gave the highest root
weights of the spring treatments. Turf with the combination treatments
was darker in color (indicating higher chlorophyll content) and yielded
slightly lower clipping weights than the corresponding nitrogen alone
treatments. Reduction of top growth or possibly lower respiration rates
or increased photosynthesis may have conserved carbohydrates which were
utilized for root growth between May and July. These results strongly
support the work of Powell et al. (1967a,b) which suggests that nitrogen
fertilization be programmed to conserve carbohydrates in the spring for

more vigorous cool-season turf in the summer.

Desiccation: Desiccation or severe wilting during the winter months by
cool-season turfgrasses is caused by the lack of moisture absorbed by
plants as they continue to respire through the winter. When moisture

uptake is limited and the internal water supply needed for respiration is
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reduced by transpiration, death of the plant by desiccation may occur
(Radko, Moncrief, Record, and Bengeyfield, 1970). The generally
increased recovery of turf with the combination treatments after a five-
week drought period may be due to conservation of water by reduced
transpiration or increased internal moisture supply. However, since
transpiration was not determined in this study, water movement through
the plant may not be attributed to recovery differences between the com-
bination and nitrogen alone treatments, Additional study is needed to
investigate the mechanisms involved.

The effects of fertilization with combinations of nitrogen and iron,
applied in the spring aﬁd summer, on high temperature drought resistance
were studied. However, significant differenccs between treatments were
not obtained. Contrary to reports by §thers (Sprague, 1933; Carroll,
1943; Madison, 1962; Pellett and Roberts, 1963; Funk et al., 1968;

Zanoni et al., 19¢éB), spring and summer applications of nitrogen alone

in the present study gave the appearance of resis.ing high temperature
drought slightly., Fertilization with nitrogen plus iron, on the other
hand, appeared to reduce resistance to drought. Previously it was noted
that root weights sampled in July were found to be highest on the
nitrogen plus iron plots, while roots obtained from the nitrogen alone
treatments were the lowest. Since plugs for the summer desiccation
experiment were sampled at a 10 cm depth, the differences in the resis-
tance to drought may be due to the removal of the active root tips of the
nitrogen plus iron treatment. Turf which received nitrogen alone would
have a shallower root system and be less affected by the shallow sampling

depth.
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Although the chamber accomplished its purpose, that of simulating
high temperature drought conditions, significance was limited by a large
error term in the analysis of variance. Increased sampling depth and
care in removal of the plugs from the green and more replications may
have proved valuable in reducing the variability incurred during this

study.



SUMMARY AND CONCLUSIONS

A two-phased experiment was conducted to study the effects of
fall-winter and spring-summer fertilization with chelated iron and
nitrogen on the growth and physiology of creeping bentgrass.

Winter turf appearancé, chlorophyll content, and recovery from
desiccation were enhanced by frequent fall and winter applications of
nitrogen plus iron. Improvement in turf color was not a carry-over from
fall fertilization. If applications were discontinued, loss in green
color was evident By late winter.

Frequent applications of iron, in combination with nitrogen, caused
earlier spring 'green-up" and increased top growth without decreasing
root growth or further depletion of carbohydrates.

High frequencies of nitrogen alone fertilization during the £fall
and winter increased spring appearance and root growth, but recovery
from desiccation and leaf carbohydrates was generally decreased with
each increment of nitrogen applied.

Iron, when applied alone, did not provide a satisfactory turf color
during the winter and spring-summer seasons. Root growth was increased
and carbohydrate levels remained high, but top growth was low.

Although the influences of the fall-winter treatments were still
measureable by the end of May, additional fertilization was required
to maintain turf quality throughout the summer.

Late spring applications of nitrogen alone improved turf appear-
ances during the summer. Although top growth was increased nearly two-

fold by the high nitrogen rate (in comparison to the single spring
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maintenance treatment), carbohydrate levels were only slightly reduced.
However, root growth was lowest during the summer on plots receiving
frequent applications of nitrogen alone.

Iron, when applied alone in the late spring, improved turf color
only slightly and did not stimulate top growth.

Late spring applications of nitrogen plus iron (in comparison to
nitrogen alone) not only gave the best turf appearance, but enhanced
root development without depleting carbohydrate levels. These combina-
tion treatments also gave lower top growth yields than the nitrogen
alone treatments. This response was attributed to the synergistic
effect of iron with nitrogen. This effect is desirable since nitrogen
fertilization, although needed to maintain turf quality during the summer,
may stimulate excessive top growth in the spring while depleting carbo-~
hydrate reserves and decreasing root growth. Possibly photosynthates,
produced‘in turf with nitrogen plus iron, may have been translocated and
utilized for root growth rather than foliage production. Also, the
combination treatment may have lowered nitrate absorption which would
account for the limited top growth stimulation during the summer ﬁonths.
However, additional research is needed regarding the mechanisms involved.

Results obtained from the winter drought and summer root growth
studies would indicate that applications of nitrogen plus iron would be
beneficial to the resistance of bentgrass to summer desiccation. But,
because of variability in the method used, significant results were not
obtained. It was determined that improved techniques such as deeper
sampling would show that iron in conjunction with nitrogen summer ferti-
lization would improve anti-desiccation of bentgrass during high tempera-

tures.
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Iron has not been previously recommended for fertilization of close-
cut bentgrass. However, based on this research for Virginia latitudes,
iron, when applied in conjunction with nitrogen, gives excellent turf
| quality without detrimental physiological effects and should be incor-

porated to improve fertility programs.
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Table 14. F-tests for combined analysis of winter and summer
fertilization for Experiment II.

Color, visual Reflec- Top growth

Parameter 6/10 6/27 tance CHO Roots 5/28 6/29

Winter *% * N.S. N.S. N.S. *% N.S.
Summer %k k% k% k% *% %k *%

Summer x winter N.S. N.S. N.S. N.S. N.S. N.S. N.S.

*,%% Significant at the 5% and 1% levels, respectively.
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NITROGEN AND CHELATED IRON FERTILIZATION ON THE GROWTH AND PHYSIOLOGY

OF CREEPING BENTGRASS (Agrostis palustrus Huds.)

by

Vincent Snyder, Jr.

ABSTRACT

Fall-winter and spring-—summer fertilizations with chelated iron and
nitrogen were evaluated on the growth and physiology of creeping bent-
grass. Iron, when applied alone, did not provide a satisfactory turf
;olor during the winter and early spring. However, spring root growth
was generally increased with iron while carbohydrates remained high, but
top growth was low when compared to treatments receiving nitrogen.

When applied alone in the late spring, iron improved turf color only
slightly and top growth was not stimulated.

Fall and winter applications of nitrogen alone increased spring
appearance and root development, but recovery from'a five-week desicca-
tion period and leaf carbohydrates were generally reduced with each
increment applied. Late spring applications of nitrogen alone improved
turf appearance and top growth; however, root growtﬁ sampled in July was
lowest for all spring treatments.

Turf appearance, chlorophyll content, spring top growth, and recovery
from desiccation were enhanced by frequent fall and winter applications
of nitrogen plus iron without decreasing root growth or exhausting carbo-
hydrates. Iron, when applied in combination with nitrogen in late spring,
gave the best appearance of all treatments while reducing top growth

slightly. This response was believed to be caused by a beneficial



synergistic effect between the two nutrients. Subsequently, root
development was also increased without further depletion of carbohy-
drates.

It was suggested that with improved sampling technique, iron in
conjunction with nitrogen summer fertilization would improve anti-
desiccation of bentgrass during high temperatures.

Results obtained indicate that iron programmed Qith nitrogen

fertilization should improve the appearance and vigor of bentgrass turf.
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