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Three rates of urea, urea-DCD, and NH4N03 were soil 

applied in April and August 1986 to strawberry selection 

OR-US 4930 and cultivar Sumas1 to determine effects of the 

nitrification inhibitor dicyandiamide (DCD) and nitrogen 

source and rate on soil NH4 and NO3 levels, fruit yield and 

quality, and mineral composition of foliage and fruit. 

There were four replications of zero nitrogen plots. 

For both OR-US 4930 and "Sumas1, soil NH4 levels 

reflected the seasonal mineralization pattern rather than a 

fertilizer source or rate pattern.  After the August 

nitrogen treatments soil NO3 was lower with urea-DCD than 

with urea. 

Urea-DCD altered mineral uptake by the plant, but did 

not affect total marketable yield or quality of OR-US 4930 

or * Sumas'. 

Petiole NO3-N was significantly (p < .05) increased by 

increasing N rate in "Sumas' in March 1987. 



Petiole NO3-N of "Sumas' and OR-US 4930 in June 1986 

was significantly (p < .05) affected by an interaction of N 

rate and source.  OR-US 4930 petiole NO3-N at the middle N 

rate of urea was greater than at the same rate of urea-DCD. 

At the high N rate there were significant differences among 

all three sources.  Sumas' petiole NO3-N at the high N 

rate of urea was greater than the same rate of NH4N03. 

OR-US 4930 leaf N content in August 1986 and fruit N 

content in 1987 were significantly (p < .05) increased by 

increasing nitrogen.  Sumas' leaf N content in June and 

November 1986 and in March 1987, fruit N content and 

petiole NO3-N in March 1987 were significantly (p < .05) 

increased by increasing N rate. 

Leaf N content of OR-US 4930 in June 1986 was 

significantly (p < .05) greater with urea than with urea- 

DCD.  Fruit N content was significantly (p < .05) lower 

with urea-DCD than with NI^NOj. 

Leaf N content of OR-US 4930 in November 1986 was 

significantly (p < .05) increased by increasing N applied 

as NH4N03 or urea-DCD. 

Fruit S content of OR-US 4930 significantly (p < .05) 

increased with increasing N.  Sumas' leaf Ca content in 

June 1986 and leaf P content in March 1987 significantly 

(p < .05) decreased with increasing N. 

Leaf K content of OR-US 4930 in June 1986 was 

significantly (p < .05) greater with NH4N03 than with urea- 

DCD.  Fruit P content was significantly (p < .05) greater 



with urea-DCD and NH4N03 than with urea.  Leaf Cu content 

in April 1987 was significantly (p < .05) lower with urea 

than with NH4N03.  Leaf Mn content of 'Sumas' in June 1986 

was significantly (p < .05) lower with urea versus urea-DCD 

and NH4N03. 

Leaf P content of OR-US 4930 in April 1987 was 

significantly (p < .05) greater at the low N rate of urea- 

DCD than at the low N rate of NH4N03 and the middle N rate 

of urea.  Leaf S content of OR-US 4930 in April 1987 was 

significantly (p < .05) decreased by the low N rate of 

NH4N03. 

Application of urea-DCD altered mineral uptake, in 

June reduced petiole NO3-N levels, and in August reduced 

soil NO3 levels, suggesting that the soil NH4 to NO3 ratio 

was changed. 
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EFFECTS OF NITROGEN SOURCE, RATE AND 
A NITRIFICATION INHIBITOR ON SOIL NITROGEN STATUS 

AND MINERAL COMPOSITION OF STRAWBERRY 

CHAPTER 1 

INTRODUCTION 

Nitrogen availability is often the most limiting 

factor in crop production. The rising price of nitrogen 

fertilizers and associated application costs dictate 

efficient N use.  More important than cost is increasing 

public concern about nitrate contamination of ground water 

and its possible effects on human health.  Developing new 

ways to effectively use N for increasing crop yields, with 

minimal impact on ground water, should be a high priority 

in agricultural research. 

In western Oregon, post-harvest nitrogen fertilizer 

application to strawberries is followed by overhead 

sprinkler irrigation. Annual precipitation can be as much 

as 120 centimeters, with the majority occurring in fall, 

winter and spring.  Irrigation and rainfall in this region 

combine to make ideal conditions for the loss of N by 

leaching.  Leaching is one of the major routes by which N 

is lost from agricultural soils. 

Nitrogen is converted to and maintained in the soil as 

NO3, an extremely mobile form of N that is easily leached. 

Soils are better able to retain N when it is in the NH4 

form; however, NH4 is rapidly nitrified to NO3 by 

biological processes.  Inhibiting nitrification can 



increase the efficiency of N usage by retaining the soil N 

in the NH4 form.  However, the ability of plants to utilize 

NH4-N also determines the benefits of using a nitrification 

inhibitor. 

The higher ratio of NH4
+-N : N03~-N in the soil as a 

result of nitrification inhibition may affect plant 

composition by influencing the uptake of N and other 

minerals.  This study investigated soil NH4 and NO3 levels, 

fruit yield and quality, and mineral composition of foliage 

and fruit of strawberries in response to source and rate of 

nitrogen and the nitrification inhibitor dicyandiamide,2 

[H2NC(NH) NHCN]. 

'Formulated and supplied by SKW, Trostberg, West 
Germany.  DIDIN is the tradename. 



CHAPTER 2 

LITERATURE REVIEW 

Inhibition of Nitrification 

Nitrate N has generally been accepted as the preferred 

form of nitrogen for plant growth while ammonium has been 

considered unsuitable (59). Ammonium is not subject to loss 

by leaching and denitrification as is nitrate (75). Under 

natural soil conditions, Nitrosomonas bacteria oxidize NH4 

to NOj/ which is then oxidized to NO3 by Nitrobacter 

bacteria (49).  The process of nitrification is very rapid 

and NH4 may be completely oxidized four weeks after 

application (59). 

Nitrifying bacteria have been shown to be sensitive to 

some agricultural chemicals.  Generally, soil fumigants and 

fungicides have a greater effect on inhibiting the action 

of nitrifying bacteria than insecticides and herbicides 

(56) .   The broad spectrum soil fumigant D-D and the 

nematicide Telone inhibited nitrification for eight weeks 

when applied at the recommended rate (59) . 

Many chemicals that inhibit nitrification have been 

identified, developed and patented for use with N 

fertilizers (33,56).  One of these is dicyandiamide (DCD), 

trade name DIDIN, produced by SKW Corporation in Trostberg, 

West Germany. 

DCD contains 67% N.  It inhibits the first step of 

nitrification, the oxidation of ammonium.  The effect of 



DCD is specific for Nitrosomonas and is bacteriostatical, 

not bacteriocidal.  Other microorganisms, especially 
I 
i 

heterotrophic ones which are mainly responsible for the 
ii 

biological ^ctivity resulting in biomass production in the 

soil, are not affected by DCD (33,53,57). 

DCD is decomposed in the soil at varying rates 

depending on temperature and site specific soil factors. 

While soil moisture exerts very little influence on the 
i' 

rate of DCD!decomposition, soil temperature is very 

influential[(33). Increasing soil temperature, organic 

matter and |>H accelerate the decomposition of DCD and 

reduce its inhibitory effect (18,33,56,57,70). 

DCD nitrogen is converted via guanylic urea and 

ammonium aluost completely to nitrate within 3 to 6 months, 

so that the I DCD - N is itself eventually available to 

plants (33)J No detrimental residues result from the 

decomposition of DCD (33). 

Dicyandiamide is a compound of low volatility that can 

be incorporated into fertilizer granules, most often with 

urea and ammonium sulfate (52).  The inhibitory effect of 

DCD on different fertilizers in decreasing order is as 

follows:  urea formaldehyde, urea, ammonium sulfate, 

ammonium nitrate and ammonium sulfate plus organic matter 

(56) . 

DCD increasingly inhibited nitrification when applied 

at the rate of 5.5 to 24% N.  Nitrification was retarded 

for 5 months in the winter and reduced leaching losses by 



67% (56).  DCD inhibited nitrification of ammonium sulfate 

at all rates (5-25 ppm) applied to Georgia soils, and at 10 

ppm the effect lasted for 3 months (57). On a Minnesota 

soil, 10% DCD delayed nitrification for about 9 weeks when 

used with ammonium sulfate and urea.  In southeastern 

soils, the 5% DCD rate was as effective in limiting 

nitrification for 7 weeks as the 10 and 15% rates.  DCD at 

10 ppm can be expected to inhibit nitrification for 2 to 3 

months depending on soil and environmental conditions 

(33,53). 

Added as a complement to solid N fertilizers, 

anhydrous ammonia or fertilizer solutions, DCD at a rate of 

10% of the total N might be widely used to decrease N 

losses due to leaching.  In particular, DCD reduces 

denitrification losses during rice cultivation, reduces 

leaching losses of nitrate in shallow and sandy soils, 

lowers undesirable nitrate contents in vegetables and could 

offer savings in respect to application rate and timing of 

N fertilizers (32,33,56,58,60). 

DCD is also effective in controlling nitrification 

of organic animal wastes (slurry or liquid manure).  Added 

at the rate of 15-30 kg/ha, it inhibits nitrification for a 

few months, depending on temperature, thus preserving N for 

the following crop.  Utilization of expensive inorganic 

fertilizers or supplied manure is increased and pollution 

of water with nitrate is reduced with DCD (33). 

A high concentration (16.7 ppm N) of DCD is toxic to 



some plants. The toxic effects differ with plant species, 

however, when mixed with N fertilizers at lower rates (not 

exceeding 16.8 kg/ha) DCD may benefit plant growth (57,58). 

DCD may increase yields of crops by supplying N over 

a longer period of time. Tomato, pepper and rice yields 

were increased following the use of DCD with a solid N 

fertilizer (33,56). Yield increases were attributed to 

increased soil N retention by the delayed conversion of NH4 

to NO3 (33,56). 

The use of nitrification inhibitors generally 

increases total N uptake where loss of N due to leaching 

and denitrification limit plant growth.  However, when 

plant metabolism is adversely affected by a high soil 

NH4:N03 ratio, or when N does not limit plant growth, 

nitrification inhibition may not affect the plant N 

concentration and may even decrease it (60). 

Ammonium as a Nitrogen Source 

The effect of supplying ammonium as the nitrogen 

source on plant growth has been reviewed by several authors 

(34,37,46,48,49,59,60,71).  Nitrate nitrogen must be 

reduced to NH4 before it can be assimilated into organic N 

forms, but NH4, once absorbed, may immediately be used in 

the synthesis of organic compounds.  Ammonium then has a 

possible nutritive advantage over NO3 because of the lack 

of an energy consuming reductive step (20,34,50).  Nitrate 

absorption is an active, energy requiring process, and NO3 



reduction is regulated metabolically to prevent toxic 

accumulations of NH4. Ammonium uptake and assimilation is 

not regulated, allowing toxic accumulations of the ion when 

high concentrations are available to the plant (34) . A 

high internal accumulation of NH4 results in poor plant 

growth. 

Tomato plant stems and leaves develop lesions from a 

high soil NH4 concentration (7).  A restriction in growth 

rate, marginal leaf necrosis, interveinal chlorosis and 

wilting were symptoms on beans, peas and cucumbers produced 

by concentrated NH4 nutrition (34,46).  Root systems and 

overall growth of muskmelon with NH4 as the N source were 

smaller than NO3 fed plants (22). Roots may also be 

discolored as a result of NH4 nutrition (5,10,43,46,69). 

Increasing the NH4:N03 ratio caused increasing damage to 

strawberry root systems with increasing root temperature, 

culminating in root death at 320C and 100% NH4 in the 

nutrient solution (25). 

Ammonium ions may restrict photosynthetic electron 

transport systems and respiration (34,71). Moisture 

stressed plants exhibited severe wilt when growing with 

NH4, while those supplied with NO3 showed little wilting. 

The impairment of stomatal closure or a decrease in osmotic 

potential were suggested as causes for the wilting (34). 

In a strawberry study, plant respiration and carbohydrate 

consumption increased with rising temperature, however, NH4 

fed plants suffered more than NO3 fed plants suggesting a 



quicker depletion of carbohydrates in the NH4 treatment. 

Soluble sugars in the roots of NH4 fed plants were lower at 

the four root temperatures of 10, 17, 25, and 320C (25). 

Ammonium must be efficiently synthesized into organic N 

forms to prevent NH4 toxicity (25,59). 

Glutamine and asparagine are the primary organic N 

forms assimilated from NH4 (34,59,77).  There is a close 

association between the respiration rate and amide 

synthesis in a plant (59,78).  In comparison with NO3 

nutrition, NH4 fed plants require more oxygen and produce 

more water (51,59).  The amount of ©2 consumed per mole of 

N metabolized in the plant cells of strawberry was almost 

three times higher with NH4 incorporation as compared to 

NO3 (25). 

Plants grown with NH4 nutrition break down 

carbohydrates during respiration into carbon skeletons with 

subsequent amination and CO2 release (49,59,66).  Ammonium 

is metabolized entirely in the roots, placing a stress on 

the roots carbohydrate supply and diverting energy from 

growth.  Nitrate is metabolized in both the roots and 

leaves, so consumption of carbohydrates in the roots is 

less (25). 

Plants growing in either NO3 or NH4 regimes change the 

pH of their media (24,34,35).  Nitrate solutions become 

more alkaline while NH4 solutions become more acidic 

(43,46,49).  Changes in external pH are due to the release 

of hydroxyl ions with nitrate uptake and hydrogen ions with 



NH4 uptake.  In this way, the plant maintains internal 

electro-chemical neutrality (11,41,43).  Increasing NH4 

uptake results in greater release of H+ ions which reduces 

the media pH. 

Ammonium nutrition studies are often conducted using 

solutions because it is difficult to maintain NH4 in the 

soil due to nitrification.  Solutions generally have much 

less buffering capacity than soils.  However, soils are 

unable to buffer pH changes in the rhizosphere as well as 

they buffer the bulk soil pH. As a result, there is a 

large pH difference between the bulk soil solution and the 

rhizosphere (62,68). 

Control of the pH frequently results in the 

elimination of physiological responses attributed to NH4 or 

NO3 nutrition (33,34).  Field peas maintained in 

concentrated NH4 solutions grew well when the pH was 

adjusted by lime additions to a slightly alkaline level 

(77).  The growth of bean, pea and sweet corn in an 

unbuffered NH4 solution was approximately 50% that of 

plants grown in NO3 solution (46).   With the addition of 

lime to maintain a neutral pH, plant growth with NH4 was 

the same as with NO3 (8). Without buffering, plants 

rapidly accumulated free NH4 and amino nitrogen, indicating 

protein degradation (23,34,77).  Controlling the acidity 

during NH4 absorption enhanced the conversion of NH4 to 

organic compounds, which restricted the level of free NH4 

so that protein degradation was not induced (7,34,46). 
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Metabolism of NH4 may be pH sensitive and more efficient at 

neutral to alkaline pH (8,34). 

Potassium is important for protein synthesis (50,59). 

The availability and rate of K uptake influences plant 

utilization of NH4 (7,19,36,59).  Concentrated NH4 reduced 

K uptake by competing for absorption carrier sites (19). 

In soils, fixation of K by NH4 may occur, inducing K 

deficiency in plants and resulting in unstable protein 

structure (50). Adding K to NH4 solutions reduced stem 

lesions on tomato from NH4 toxicity (7). 

There is a close balance between anions and cations in 

plants. Ammonium nutrition results in lower cation and 

higher anion concentrations than NO3 nutrition 

(34,41,43,50,59).  There appears to be at least two effects 

of NH4 nutrition on the cation and anion composition of 

plants.  First, NH4 uptake lowers the pH of the medium 

which results in enhanced absorption of anions such as 

phosphate.  Second, cations may compete in ion uptake 

directly or indirectly due to release of H+ ions during the 

uptake of NH4 (60).  Plants grown in NH4 medium without 

nitrate generally contain lower concentrations of calcium, 

magnesium, and potassium, and higher levels of phosphorus 

and sulfur than those supplied with NO3 alone (34). 

Strawberry leaf N and P content were increased while Ca and 

Mg were decreased when grown with N03 and NH4 versus NO3 

alone (12).  However, changing the N source once potato 

plants were established did not have a consistent effect on 
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mineral composition and this was true for other crops 

(6,15,20,21,31,35,42,54,64,69).  In a study using 

nitropyrin as a nitrification inhibitor, compositional 

changes in radish were attributed to NH4 toxicity causing a 

limitation of growth (5). 

Plants generally contain higher levels of free 

inorganic cations than free inorganic anions because the 

main anion usually absorbed, N03, is rapidly reduced to 

organic compounds (41,43,59).  In NH4 fed plants, the 

production and concentration of organic acid anions 

required to balance ionic differences is much less 

(34,41,43).  Increases in amino acids and amines in NH4 fed 

plants are the result of the detoxification of NH4 by amino 

acid synthesis with organic acids as the source of carbon 

(59).  Low levels of organic acids limit the rate of other 

metabolic processes.  Sugarbeet and tomato showed reduced 

growth and lower organic acid content with NH4 nutrition 

(30).  However, plants are variable in their response to 

lower organic acid content.  Corn suffered no reduction in 

yields and rice yields were increased with lower than 

normal organic acid content (36,44). 

Ammonium and Nitrate Nutrition 

Ammonium and nitrate have different rates of 

absorption and assimilation with NH4 rates being faster in 

both respects (9,24,37,50).  The uptake and reduction of 

NO3 may be repressed by NH4 (24,34,36,61). When both NH4 
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and NO3 are available to the plant, NH4 is taken up and 

assimilated faster than NO3, which reduces the carbohydrate 

supply and decreases the NO3 reduction rate (16).  Slight 

reductions in carbohydrate availability may account for 

disproportionally large reductions in NO3 assimilation 

(66). 

Plants vary in their ability to take up and assimilate 

NH4 and NO3.  Some calcifuge (acid-loving) species show a 

preference for NH4.  Pine (47,70) and cranberry (28) 

exhibited better growth and absorbed NH4 preferentially to 

NO3.  Rice grows best with NH4 as the N source (37,55,67). 

These plants have adapted to their soil environment.  In 

acidic soils, the population of nitrifying bacteria is too 

small to carry out nitrification (27).  Rice is partially 

grown under water logged conditions.  In both instances, 

nitrogen is available in predominantly the NH4 form. 

Carrot and sweet potato assimilate NH4 more 

effectively than radish (23) and peas respond better to NH4 

nutrition than do cucumbers (6).  Due to their ability to 

assimilate NH4 into amides in the roots and bulbs, onions 

are very tolerant of NH4 nutrition (37). 

Plants may have changing preferences for NH4 and NO3 

at various growth stages (49). A nitrification inhibitor 

was used to compare the growth of wheat, ryegrass and kale 

with either NO3 or NH4.  Both the wheat and ryegrass 

preferred NH4 at early growth stages, while kale showed no 

preference (63).  Corn also responds well to NH4 nutrition 
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in early stages (74) and growth was shown to be best with a 

NO3 to NH4 solution ratio of 1:3.  Later growth was best 

with a 1:1 ratio of NO3 to NH4 (61).  Strawberry plants 

preferred NH4 during the vegetative growth period while NO3 

was preferred during flowering and fruiting (26). 

When nitrogen is limiting, NH4 may be the best N form 

for plant growth (19,61). High levels of N require that 

more of it be in the NO3 rather than NH4 form due to 

possible NH4 toxicity.  Low NH4 concentrations result in 

rapid plant growth without toxic NH4 accumulations.  Tomato 

growth at low N levels was equal with either NH4 or NO3, 

but NO3 was better at higher N levels (30). Maximum dry 

matter production of corn accumulated with a N 

concentration 67 uM and NH4-N / NO3-N ratio of 2.46, while 

at a N concentration of 303 uM a ratio of .17 was best 

(59,74). 

Plant growth with NH4 nutrition is limited by NH4 

toxicity and with NO3 nutrition by NO3 reduction (34). A 

combination of NH4 and NO3 often produces the best plant 

growth.  Wheat yields were increased 50% by a 5:1 ratio of 

NO3 to NH4 over wheat grown with 100% NO3 (19).  Maximum 

growth of strawberry plants on a dry weight basis were 

achieved with a 1:1 ratio of NO3 to NH4 (25).  Tomato 

vegetative growth was significantly increased by adding 25% 

of the N as NH4, but fruit weight was reduced when NH4 

supplied any part of the N form (31) .  Dry weight of 
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sunflower plants was greatest with both NH4 and NO3 

compared to either N form alone (77). 

Low concentrations of NH4 with higher concentrations 

of NO3 may increase yields because of reduced energy 

required to utilize NH4 (19).  Nitrate reductase activity 

(61) and percent protein have been increased with 

combinations of NH4 and NO3 (61,77).  Plant growth and 

development may be increased by supplying a portion of the 

N as NH4. 

Strawberries and Nitrogen 

The response of strawberries to nitrogen nutrition is 

often inconsistent (3,7,9).  Many inconsistencies are the 

result of soil, climate, culture and the initial fertility 

level (2,14,38). 

The greatest strawberry yield response to N is usually 

obtained with nitrogen fertilizer applied in late summer or 

early fall, with no increase in yield when N is applied in 

the spring of the fruiting year (40,45).  In Oregon, it was 

shown that heavy spring N rates decreased yields (73). 

Excessive plant size and vigor appear to be antagonistic to 

reproductive growth (29,76).  Nitrogen applied in the fall 

was found to be important in obtaining the greatest number 

of flowers and fruits the following year (40,45,76). 

The effect of nitrogen rate on strawberry has been 

extensively studied by numerous workers (1,2,3,40).  Blatt 

(13) reported no consistent effect of N rate on 
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strawberries in Nova Scotia.  An Idaho study showed no 

effect of N rate on yield or decay of strawberries (17). 

In Alabama, little difference in yield was noted between N 

application rates of 107 and 179 kg/ha (40).  California 

workers have reported increased strawberry yields after 

application of up to 222 kg N/ha, and yields were increased 

in West Virginia with increasing amount of N applied (40). 

In addition to conflicting reports on the effect of N 

rates, strawberry cultivars differ in their response to 

applied nitrogen (14,72).  Strawberry genotype affects 

nutrient levels and large differences have been reported 

(38,39). 

Strawberries are generally not responsive to nitrogen 

source.  Total yield was not affected by NH4N03, urea or 

sulfur coated urea treatments in two out of three cropping 

seasons (13).  Yields were not affected by NH4N03, NH4S04, 

urea or sulfur coated urea as N sources in other studies 

(17,40). 
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CHAPTER 3 

EFFECTS OF NITROGEN SOURCE, RATE AND 
A NITRIFICATION INHIBITOR ON SOIL NITROGEN STATUS 

AND MINERAL COMPOSITION OF STRAWBERRY 

INTRODUCTION 

Increasing concern about nitrate contamination of 

ground water due to nitrogen fertilizer applications 

necessitates efficient N use.  Developing new ways to 

effectively use N for increasing crop yields, while 

decreasing potential adverse effects of N use, should be a 

high priority in agriculture. 

Nitrogen is converted to and maintained in the soil as 

nitrate, an extremely mobile form of N that is easily 

leached.  Rainfall and overhead sprinkler irrigation of 

strawberries in western Oregon make ideal conditions for 

the loss of N by leaching, the major route by which N is 

lost from agricultural soils. 

Soils retain N better as ammonium; however ammonium is 

rapidly nitrified to nitrate by Nitrosomonas and 

Nitrobacter bacteria. A nitrification inhibitor is a 

chemical that blocks the transformation of ammonium to 

nitrate.  A more gradual conversion of ammonium to nitrate 

may better match plant uptake and nitrate availability. 

This can increase the efficiency of N usage, and also 

reduce leaching losses. As a consequence of nitrification 

inhibition, more soil N remains as ammonium and a higher 

soil NH4:N03 ratio may result.  The ability of plants to 



17 

utilize N as ammonium influences the benefits of using a 

nitrification inhibitor. 

This study investigates soil NH4 and NO3 levels, fruit 

yield and quality, and mineral composition of foliage and 

fruit of strawberries in response to the nitrification 

inhibitor dicyandiamide and source and rate of nitrogen. 
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MATERIALS AND METHODS 

Strawberry plots were located at the Oregon State 

University North Willamette Experiment Station in Aurora, 

Oregon.  The plots were on a Quatama Loam soil  (fine- 

loamy, mixed, mesic Aguultic Haploxeralfs, 1-2% organic 

matter).  All rows in the plots ran north-south.  All plots 

received identical weed, insect and disease control 

measures.  Plots were irrigated once a week using overhead 

sprinklers. 

In April 1985, strawberry (Fraaaria ananassa Duch.) 

cultivar Sumas' and selection OR-US 4930 were planted in 

the single hill row system.  Plants were spaced 38 cm apart 

within the row on 102 cm centers.  Plots consisted of six 

plants, with one buffer plant at each end of a plot.  On 10 

April and 19 August 1986, three rates, 16.8, 33.6, 67.2 

kg/ha, of actual N from three sources, urea, urea-DCD and 

NH4N03 were side dressed 7.62 cm deep.  Similar plots with 

no nitrogen added were used as a control.  The 10 

treatments with four replications were arranged in a 

completely randomized design for the cultivar and 

selection, which were separated. 

Three soil core samples 20.3 cm deep were taken from 

each plot on 24 April, 17 May, 6 June, 8 July, 13 August, 

10 September, 9 October, 6 November, 16 December in 1986 

and on 25 March 1987. All the core samples for each 

treatment were combined.  On the last sampling date, 25 

March 1987, only the O nitrogen and 67.2 N plots were 



19 

sampled, and the replicates were kept separate.  Samples 

were refrigerated until placed in air dryers for 72 hours. 

Samples were ground and analyzed for NH4 and NO3 by 2 N KCl 

extraction and a continuous flow automatic analyzer. 

In 1986,  Sumas' plots were harvested on June 5, 12 

and 24 and OR-US 4930 plots were harvested on June 10, 18, 

24, and 30. Marketable yields and average berry weight were 

determined.  From the first and second harvest of 'Sumas* 

and OR-US 4930, respectively, five berries of uniform size, 

with calyx removed, were weighed and frozen for later 

determination of pH, soluble solids content and percentage 

drip loss. 

To evaluate residual effects of the August 1986 

nitrogen rate and source treatments, two plants per plot of 

"Sumas1 and OR-US 4930 were removed from the field, and 

each placed in 7.57 liter pots.  Treatments were arranged 

in a completely randomized design in a greenhouse and 

plants were forced to flower.  Number of flowers was 

determined. 

Drip loss of frozen/thawed berries was measured by 

thawing the frozen berries at 20oC for 4 hours and calcu- 

lating the percentage drained juice weight over the fresh 

weight of the berries. Thawed samples and juice were then 

macerated with a Waring Commercial laboratory blender into 

a puree. An Altex digital pH meter with a plastic 

electrode was used to measure pH.  Percentage of soluble 

solids was measured with an Atago hand held refractometer. 
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Leaf, petiole and berry samples were washed with a 

mild detergent, rinsed in distilled water and placed in a 

warm air dryer at 70oC.  Leaves and petioles were 

separately ground through a 20 mesh screen.  Dried berry 

samples were ground using a Waring Commercial blender. 

Total percent nitrogen of leaf and berry, and petiole NO3 

were measured with an autoanalyzer from a 0.4 gm tissue 

sample, and digested with H2S04.  Al, B, Cu, Fe, K, Mg, Mn, 

P, Zn, S, and Ca were determined by ashing a 0.5 gm tissue 

sample at 500oC, diluting with 10 cc of 5% HNO3 and 

analyzing with a Jarrell-Ash ICAP-9000 spectrometer. 

Leaf and petiole samples in 1986 were a composite of 

12 leaves and petioles per plot, two from each plant. 

Berry samples consisted of 20 berries per plot.  The 1987 

samples were a composite of six leaves and petioles from 

each of two potted plants. 

Data were analyzed by analysis of variance.  In order 

to test for a rate by source interaction, check plots were 

not included in the analysis. Means were separated using 

Duncans multiple range test. 
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RESULTS 

Soil Ammonium and Nitrate 

There was no effect on soil NH4 levels due to 

nitrogen rate or source for OR-US 4930 and "Sumas1 (Figures 

1 and 2).  The seasonal pattern of mineralization in the 

soil had a greater influence on soil NH4 level than did N 

rate or source.  This is seen by the no nitrogen treatment 

having NH4 levels similar to nitrogen treatments. 

There was no effect of urea-DCD on soil NO3 levels 

after the first N treatments.  However, after the second 

application of N treatments, soil NO3 was lower with urea- 

DCD than with urea for OR-US 4930 and "Sumas1 (Figures 3 

and 4). 

On 25 March 1987, 7 months after the last N 

application, there were no significant differences in soil 

NH4 and NO3 levels due to N source at the high N rate. 

Petiole Nitrate 

Petiole NO3-N ppm of OR-US 4930 and Sumas' in June 

1986 responded significantly (p < .05) to an interaction of 

N rate and source.  OR-US 4930 plants receiving 33.6 kg/ha 

N as urea had more petiole NO3-N ppm than the same rate of 

urea-DCD.  At the high N rate, there were significant 

differences between all three sources (Figure 5). 

"Sumas• plants receiving the high N rate of urea had more 

petiole NO3-N ppm than the same rate of NH4N03 (Figure 6). 



22 

There was no effect on petiole NO3-N ppm of OR-US 4930 

in April 1987. Sumas' petiole NO3-N ppm in March 1987 was 

significantly (p < .05) increased by N rate (Table 1). 

Total Nitrogen 

Leaf N content of OR-US 4930 was significantly 

(p < .05) greater with the high rate of N than the lower N 

rates (Table 2). No differences in leaf N content due to N 

rate were detected on any of the other sampling dates. 

In contrast, an increase in the rate of N applied 

significantly (p < .05) increased Sumas' leaf N content in 

the June 1986, November 1986 and in March 1987 samples, but 

not in the August 1986 sample (Table 3). 

Fruit N content of OR-US 4930 and Sumas' was 

significantly (p < .05) increased by N rate (Tables 4 

and 5). 

OR-US 4930 leaf N content in June 1986 was 

significantly (p < .05) greater with urea than with urea- 

DCD.  Sumas' leaf N content in March 1987 was 

significantly (p < .05) greater with both NH4N03 and urea 

than with urea-DCD (Tables 2 and 3).  There were no other N 

source effects on leaf N for OR-US 4930 and Sumas1. 

Fruit N content of OR-US 4930 was significantly 

(p < .05) greater with NH4N03 than with urea-DCD (Table 4). 

"Sumas' fruit N was not affected by N source. 

November 1986 leaf N content of OR-US 4930 was 

significantly (p < .05) increased by an increase in N rate 

with NH4N03 and urea-DCD, but an increase in the rate of 
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urea initially decreased leaf N content, and then increased 

it (Table 2).  There were no other interaction effects on 

leaf N for OR-US 4930 and "Sumas1. 

Leaf and Fruit Minerals 

There was no nitrogen rate effect on the leaf minerals 

content of OR-US 4930 on any sampling date.  "Sumas1 June 

1986 leaf Ca content and March 1987 leaf P and S content 

were significantly (p < .05) reduced by an increase in N 

rate (Table 6). 

For OR-US 4930, only fruit S content was significantly 

(p < .05) increased by an increase in N rate (Table 6). 

There was no N rate effect on the mineral content of 

'Sumas' fruit. 

OR-US 4930 June 1986 leaf K content was significantly 

(p < .05) greater with NH4N03 than with urea-DCD (Table 7). 

OR-US 4930 April 1987 leaf Cu content was significantly 

(p < .05) greater with NH4N03 than with urea (Table 7). 

"Sumas* June leaf Mn was significantly (p < .05) less with 

urea than with urea-DCD and NH4N03 (Table 7).  No other 

leaf minerals were affected by N source for OR-US 4930 and 

*Sumas'. 

Fruit P content of OR-US 4930 was significantly 

(p<.05) less with urea than with urea-DCD and NH4N03 

(Table 7).   Sumas1 fruit mineral content was not affected 

by N source. 

OR-US 4930 April 1986 leaf P and S content were 
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significantly (p < .05) affected by an interaction of N 

rate and source.  P content was greatest at the low N rate 

of urea-DCD, and was higher at the low rate of urea-DCD 

than at the low rate of NH4N03 and the middle rate of urea 

(Table 8).  S content was lowest with NH4N03 at the low N 

rate and highest with urea at the middle N rate (Table 9). 

Yield and Quality Characteristics 

The first harvest yield of OR-US 4930 was 

significantly (p < .05) greater at the middle N rate than 

the high N rate.  Yield from the low N rate did not differ 

significantly from the middle or high N rate (Table 10). 

There was no N rate effect on any of the other harvests of 

OR-US 4930 or for any harvest of Sumas'. 

Various components of strawberries have been 

correlated with yield per plant, including number of 

inflorescences (65).  Increasing the N rate significantly 

(p < .05) increased the number of flowers in OR-US 4930, 

but had no effect on flower number in * Sumas' in 1987 

(Table 11). 

The second harvest yield of OR-US 4930 was 

significantly (p<.05) greater with NH4N03 than with urea- 

DCD (Table 10).  There was no N source effect on any of the 

other harvest yields of OR-US 4930 or for any harvest yield 

of "Sumas•. 

There was no effect of nitrogen treatment on total 

marketable yield, weighted average berry size, pH, solvible 
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solids content or percent drip loss for OR-US 4930 and 

* Sumas *. 
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DISCUSSION 

The seasonal pattern of mineralization in the soil had 

a much greater influence on soil NH4 than did fertilizer 

nitrogen rate or source.  This observation is supported by 

the similar soil NH4 levels for all treatments, including 

the zero nitrogen control treatment. 

Increases in soil N03 levels might be expected to 

follow peaks in soil NH4 levels, though they did not in 

this study. After the first peak in NH4 levels, rapid 

uptake of soil NO3 by plants probably depleted the NO3 

levels in the soil. After the second peak in soil NH4 

levels, denitrification, leaching or the slowed conversion 

of NH4 to NO3 may have prevented an increase in soil NO3. 

Fertilizer rate and source likely affected NO3 levels 

in the soil.  The lack of a detectable urea-DCD effect on 

soil NO3 after the first N application may be due to the 

rapid uptake of nitrate by the plants during their vigorous 

growth stage.  While the effect of nitrification inhibition 

was not detected in the soil NO3 levels early in the 

season, it was detected in leaf petioles.  Petiole NO3-N 

levels were approximately five times lower in the urea-DCD 

treated plants than in the urea and NH4N03 treated plants. 

Because the petiole NO3-N levels were lower with the urea- 

DCD treatment for both berry types in June 1986, it is 

reasonable to assume that the soil NH4 to NO3 ratio was 

altered even though differences could not be detected in 

the soil data. 
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Urea-DCD did lower the soil NO3 level compared to urea 

following the August application of nitrogen treatments. 

Plants are less active at this time, and hence are not 

actively absorbing NO3, leaving it to accumulate in the 

soil. 

Total N in the leaves of OR-US 4930 in June 1986 was 

less with urea-DCD than with urea, and while not 

significantly different, the same trend was evident for 

'Sumas *.  Total leaf N content of *Sumas' was lowest with 

urea-DCD in March 1987.  Fruit N was also lowest with urea- 

DCD compared to urea and NH4NO3. 

In this study, the initial soil pH was 5.8.  In acidic 

soils, NO3-N is the dominant form of N that is absorbed 

(3).  With urea-DCD, more N is in the NH4 form, and nitrate 

is more slowly released, making less NO3 available for 

absorption, and perhaps causing the lower N content in the 

plant.  Our data are consistent with the results of 

Sahrawat and Keerney (60) which demonstrated that a 

nitrification inhibitor may reduce total N uptake by plants 

where N is not limiting plant growth. 

There was no N rate effect on the petiole NO3-N 

content and the leaf N content of OR-US 4930 in April 1987, 

but there was an effect on Sumas' petiole NO3-N and leaf N 

content in March 1987.  Petiole NO3-N patterns apparent in 

Figures 3 and 4 are very similar even though OR-US 4930 had 

NO3-N levels several fold higher than 'Sumas'.  In March 

1987 the opposite occurred with Sumas' having more petiole 
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NO3-N.  Plants with a high total leaf N content also had 

high levels of petiole NO3-N.  At each N application rate, 

total leaf N content means in Tables 2 and 3 are correlated 

with the petiole NO3-N means in Table 1 (r = .91, June 

1986; r = .98, March or April 1987).  Differences between 

berry types in petiole NO3-N were reflected in total leaf N 

concentrations. 

Differences between the two berry types in both 

petiole NO3-N levels and responses to N rate may indicate 

differences in N metabolism.  Differences in response may 

also have been caused by the three week delay in removal of 

OR-US 4930 from the field.  Nitrogen would be mostly in the 

NO3 form by this time and may have leached appreciably 

during that time.  Additionally, 'Sumas* starts growth 

earlier and may have been taking up soil NO3 earlier than 

OR-US 4930. 

Mineral contents in strawberry tissues also suggest 

nitrification inhibition early in the season. 

Ammonium nutrition enhanced both P and Mn uptake. Mn 

availability is increased by low soil pH.  NH4 uptake 

results in the release of hydrogen ions and lowered 

rhizosphere pH.  These factors would combine to increase 

the uptake of Mn. The June 1986 sampling date of Sumas' 

leaves shows a clear increase in Mn concentrations with 

urea-DCD versus urea. Similarly, there was more P in OR-US 

4930 fruits when urea-DCD was the nitrogen source.  NH4 

nutrition would enhance the uptake of the P anion (50).  By 
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March 1987, decreased levels of P and S in "SuInas, leaves 

with the higher N rate treatments may indicate that the 

dominant form of N available was NO3.  NO3 uptake would 

compete with the uptake of the P and S anions. 

The reduction in Ca content in the June 1986 leaf 

samples of * Sumas' may indicate competition in cation 

uptake, perhaps due to higher levels of NH4 in soil treated 

with the higher N rates. 

An interaction of rate by source effect on S and P 

content was evident in the leaf mineral analysis of OR-US 

4930 in April 1987. Urea-DCD would be expected to increase 

the uptake of these elements as anions, and it does so at 

the low N rate. 

Although there was evidence to suggest that urea-DCD 

was inhibiting nitrification early in the season, there was 

no effect on total yield or quality of OR-US 4930 and 

'Sumas' due to N form or altered mineral uptake.  Sumas' 

was less affected by N rate and source than was OR-US 4930. 

This is consistent with other research that demonstrated 

that strawberry cultivars differ in their response to 

nitrogen (38,39) and that strawberry yields are generally 

unresponsive to nitrogen fertilization in the Pacific 

Northwest (14). 

Spring application of nitrogen resulted in the same or 

lower total marketable yield than if no nitrogen were 

applied.  Application of any of these nitrogen sources in 

the spring is not recommended since there was no yield 
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response, and little leaching would be expected because the 

plants are rapidly taking up the soil NO3. 

August application of urea-DCD decreased soil NO3 

levels when the plants were less active and NO3 was 

accumulating.  Strawberry plantings are usually fertilized 

and irrigated in late summer, making excellent conditions 

for NO3 leaching and ground water contamination.  When 

urea-DCD was applied as a nitrogen fertilizer in August, 

soil NO3 levels were lower than with urea.  Petiole NO3-N 

levels and mineral composition also give clear evidence 

that the soil NH4 to NO3 ratio was altered by urea-DCD. 
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CONCLUSION 

Four replications of no nitrogen and three rates of 

nitrogen from three sources, urea, urea-DCD and NH4N03 were 

applied to one selection and one cultivar of strawberry to 

determine the effect of nitrification inhibition, N source, 

and rate on soil NH4 and N03, petiole NO3-N, fruit yield 

and quality, and mineral composition of foliage and fruit. 

The seasonal pattern of mineralization in the soil had a 

greater influence on soil NH4 levels than fertilizer source 

or rate.  Therefore, measuring soil NH4 did not reveal any 

fertilizer source or rate effects. 

Soil NO3 levels after the first N application did not 

show an effect of urea-DCD, probably because the plants 

were taking up the soil NO3 and minimizing any differences. 

There was evidence that urea-DCD did inhibit nitrification 

as seen by the lowered NO3-N content in the petioles, the 

leaf total N content, and the altered ion uptake of urea- 

DCD treated plants.  Despite these changes, there was no 

effect on total marketable yield or quality of either 

strawberry.  Spring application of nitrogen is not 

recommended since there was no yield response.  Growers are 

also fearful of excessive vegetative growth from spring 

nitrogen applications. 

Although little leaching would be expected in the 

spring because the plants are so rapidly taking up the soil 

NO3, strawberries are generally fertilized and irrigated in 
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late summer, making conditions excellent for NO3 leaching 

and ground water contamination. After the second 

application of N treatments, NO3 did accumulate in the 

soil, perhaps because the plants are less active and not 

absorbing it so rapidly. Application of urea-DCD altered 

mineral uptake, in June reduced petiole NO3-N levels, and 

in August reduced soil NO3 levels, suggesting that the soil 

NH4 to NO3 ratio was changed. 

Not all of the N applied was recovered by the plants. 

Further studies would be necessary to determine if urea-DCD 

reduced or delayed leaching. 



33 

a 

6 

30 

25 

20 

15 

10 - 

0 

V 0.0 Kg/ha N 
T 16.8 Kg/ha N 
O 33.6 Kg/ha N 
• 67.2 Kg/ha N 

0    50   100   150  200  250  300 

Days from first N application 

Figure 1. Average effect of nitrogen rate on recovery of 
NH4-N from soil in plots planted to strawberry selection 
OR-US 4930 and cultivar Sumas'. 
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NO3-N from soil in plots planted to strawberry selection 
OR-US 4930. 
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Figure 3. Effect of source and rate of nitrogen on petiole 
NO3-N (ppm) of OR-US 4930 in June 1986. Points followed by 
the same letter are not significantly different at p=0.05. 
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Figure 4.  Effect of source and rate of nitrogen on petiole 
NO3-N (ppm) of "Sumas1 in June 1986.  Points followed by 
the same letter are not significantly different at p=0.05. 
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Table 1.  Effect of rate of nitrogen on petiole NO3-N of 
strawberries OR-US 4930 and "Sumas1. 

Petiole NO. 3-N (ppm) 

Nitrogen OR-US 4930 4 * Sumas 
Rate 
fkq/ha) June '86 

533 a 

April '87 

98 a 

June '86 

46 a 

March '87 

16.8 352 a 

33.6 900 a 100 a 153 a 474 ab 

67.2 1833 b 197 a 283 b 714 b 

Numbers in the same column followed by the same letter are 
not significantly different at p=0.05.  Petiole NOo-N with 
no added N was 105 ppm for OR-US 4930 and 277 ppm for 
Sumas. 
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Table 2.  Effect of source and rate of nitrogen on the leaf 
nitrogen content of strawberry selection OR-US 4930.  

 Nitrogen Content (%)  

N Source 
Sampling  N Rate Rate 

Date    (kg/ha) Urea Urea 

1.87 

DCD NH4N03 

1.97 

Means 

16.8 1.94 1.93 
June '86   33.6 2.08 1.77 1.93 1.92 

67.2 2.31 1.91 2.14 2.12 
Source Means: 2.11 b 1.85 a 2.01 ab 

16.8 2.39 2.37 2.43 2.40 a 
Aug. '86    33.6 2.50 2.59 2.45 2.51 a 

67.2 2.95 2.68 2.86 2.83 b 
Source Means: 2.61 2.55 2.58 

16.8 1.84 ab 1.77 ab 1.74 a 1.78 
Nov. '86    33.6 1.79 ab 1.81 ab 1.98 be 1.86 

67.2 1.82 a 2.11 cd 2.22 d 2.05 
Source Means: 1.82 1.90 1.98 

16.8 2.85 2.89 2.81 2.85 
April '87   33.6 2.89 2.86 2.83 2.86 

67.2 2.96 2.85 2.95 2.92 
Source Means: 2.90 2.86 2.86 

Rate, source or rate by source means within the same 
sampling date followed by the same letter are not 
significantly different at p=0.05.  If none of the rate, 
source or rate by source means within a sampling date are 
followed by letters, then there were no significant 
differences among the means for that factor or 
interaction. 

Leaf N content with no added N was 1.81%, 2.40% and 1.61% 
in June, August and November 1986, respectively, and 2.97% 
in April 1987. 
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Table 3.  Effect of source and rate of nitrogen on the leaf 
nitrogen content of strawberry cultivar * Sumas'.  

Nitrogen Content (%) 

N Source 
Sampling  N Rate Rate 

Date    (kg/ha) Urea Urea DCD 

1.79 

NH4N03 

1.74 

Means 

16.8 1.70 1.74 a 
June  86    33.6 1.95 1.78 1.87 1.86 b 

67.2 1.89 1.81 2.05 1.92 b 
Source Means: 1.85 1.79 1.89 

16.8 2.70 2.68 2.69 2.69 
Aug. * 86    33.6 2.63 2.61 2.68 2.64 

67.2 2.66 2.75 2.79 2.73 
Source Means: 2.67 2.68 2.72 

16.8 1.71 1.69 1.72 1.71 a 
Nov.  86    33.6 1.83 1.82 1.86 1.84 ab 

67.2 1.95 1.86 1.99 1.93 b 
Source Means: 1.83 1.79 1.86 

16.8 3.39 3.14 3.30 3.28 a 
March '87   33.6 3.43 3.22 3.37 3.34 a 

67.2 3.53 3.43 3.68 3.55 b 
Source Means: 3.45 b 3.26 a 3.45 b 

Rate, source or rate by source means within the same 
sampling date followed by the same letter are not 
significantly different at p=0.05.  If none of the rate, 
source or rate by source means within a sampling date are 
followed by letters, then there were no significant 
differences among the means for that factor or 
interaction. 

Leaf N content with no added N was 1.70%, 2.64% and 1.73% 
in June, August and November 1986, respectively, and 3.20% 
in March 1987. 
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Table 4.  Effect of source and rate of nitrogen on the 
fruit nitrogen content of strawberry selection OR-US 4930. 

 Nitrogen Content (%)  

N Source 

Rate 
N Rate (kg/ha) Urea Urea DCD NH4N03 Means 

16.8 0.76 0.78 0.80 0.78 a 

33.6 0.92 0.87 0.98 0.92 b 

67.2 

Means: 

0.93 0.88 1.00 0.94 b 

Source 0.87 ab 0.84 a 0.93 b 

Rate or source means followed by the same letter are not 
significantly different at p=0.05.  Fruit N content with no 
added N was 0.74%. 

Table 5.  Effect of source and rate of nitrogen on the 
fruit nitrogen content of strawberry cultivar * Sumas'. 

 Nitrogen Content (%)  

N Source 

Rate 
N Rate (kg/ha) Urea Urea DCD NH4N03 Means 

16.8 0.89 0.98 0.95 0.94 a 

33.6 1.08 1.01 1.05 1.04 ab 

67.2 

Means: 

1.14 1.06 1.11 1.10 b 

Source 1.04 1.01 1.04 

Rate means followed by the same letter are not 
significantly different at p=0.05.  Source means are not 
significantly different at p=0.05.  Fruit N content with no 
added N was 0.90%. 
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Table 6. Nitrogen rate effects on the mineral content of 
strawberry fruits and leaves. 

OR-US 4930 Sumas 

June ' i B6 March ' 87 March * 87 
N Rate Fruit S Leaf i 2a Leaf P Leaf ; S 
(kg/ha) fppm) m (%) (%) 

16.8 345 a 1.06 b 0.72 b 0.133 b 

33.6 383 b 1.05 b 0.70 b 0.124 ab 

67.2 400 b 0.93 a 0.64 a 0.118 a 

Numbers in the same column followed by the same letter are 
not significantly different at p=0.05. With no added N, 
fruit S was 342 ppm, June leaf Ca was 1.22%, March leaf P 
was 0.83%, and March leaf S was 0.128%. 

Table 7.  Nitrogen source effects on the mineral content 
of strawberry fruits and leaves.  

N Source 

Urea 

Urea DCD 

NH4N03 

June - 86 
Leaf K 
 (U  
1.48 ab 

1.42 a 

1.51 b 

OR-US 4930 

April *87 
Leaf Cu 
 (PPm)  

7.33 a 

7.58 ab 

8.33 b 

Fruit P 
(ppm) 

1809 a 

2006 b 

1945 b 

Sumas 

June "86 
Leaf Mn 
(PPrc) 

214 a 

248 b 

247 b 

Numbers in the same column followed by the same letter are 
not significantly different at p=0.05. With no added N, 
June leaf K was 1.37%, April leaf Cu was 8.50 ppm, fruit P 
was 1943 ppm, and June leaf Mn was 263 ppm. 
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Table 8.  Effect of source and rate of nitrogen on leaf P 
(%) of strawberry selection OR-US 4930 sampled in April 
1987. 

Nitrogen Source 

N Rate (kq/ha) Urea Urea DCD NH4N03 

16.8 0.48 ab 0.55 b 0.40 a 

33.6 0.44 a 0.42 a 0.50 ab 

67.2 0.48 ab 0.47 ab 0.45 ab 

Numbers followed by the same letter are not significantly 
different at p=0.05.  Leaf P content with no added N was 
0.50%. 

Table 9.  Effect of source and rate of nitrogen on leaf S 
(%) of strawberry selection OR-US 4930 sampled in April 
1987.  

 Nitrogen Source  

N Rate (kq/ha) Urea Urea DCD NH4N03 

16.8 0.098 c      0.098 C      0.083 a 

33.6 0.098 c     0.085 ab    0.093 abc 

67.2 0.095 c     0.093 abc    0.088 abc 

Numbers followed by the same letter are not significantly 
different at p=0.05.  Leaf S content with no added N was 
0.100%. 
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Table 10.  Effect of source and rate of nitrogen on the 
marketable yield of strawberry selection OR-US 4930. 

Marketable Yield (MT/ha) 

N Source 
Harvest  N Rate 
Number    (kq/ha) Urea Urea DCD 

8.8 
10.1 
8.6 

NH4N03 

9.1 
10.5 
9.4 

Rate 
Means 

16.8 
1        33.6 

67.2 

10.2 
9.6 
7.3 

9.4 ab 
10.1 b 
8.4 a 

Source Means: 

16.8 
2        33.6 

67.2 

9.0 

11.3 
10.8 
10.1 

9.1 

10.3 
9.8 
9.0 

9.7 

10.2 
13.2 
10.9 

10.6 
11.3 
10.0 

Source Means: 

16.8 
3        33.6 

67.2 

10.7 ab 

6.3 
6.1 
4.6 

9.7 a 

6.9 
6.4 
6.5 

11.5 b 

5.1 
6.1 
7.6 

6.1 
6.2 
6.2 

Source Means: 

16.8 
4        33.6 

67.2 

5.7 

1.8 
1.7 
1.9 

6.6 

2.2 
2.2 
2.4 

6.3 

1.8 
2.0 
2.6 

2.0 
2.0 
2.3 

Source Means: 

16.8 
Total     33.6 

67.2 

1.8 

29.6 
28.4 
33.9 

2.3 

28.2 
28.6 
26.5 

2.1 

25.8 
32.2 
30.6 

27.9 
29.7 
27.0 

Source Means: 27.3 27.8 29.5 

Rate, source or rate by source means within the same 
harvest followed by the same letter are not significantly 
different at p=0.05.  If none of the rate, source or rate 
by source means within a harvest are followed by letters, 
then there were no significant differences among the 
means for that factor or interaction. 

Yield with no added N was 10.3, 10.4, 7.3, and 2.4 MT/ha 
for harvest 1, 2, 3, and 4, respectively,  and 30.5 MT/ha 
for all harvests. 
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Table 11.  Effect of rate of nitrogen on number of flowers 
of strawberries OR-US 4930 and 'Sumas' in 1987.  

Number of Flowers  

Nitrogen Rate Ckq/ha) 0R- -US 4930 

16.8 15 a 

33.6 19 ab 

67.2 26 b 

Sumas 

65 a 

63 a 

67 a 

Numbers in the same column followed by the same letter are 
not significantly different at p=0.05. Flower number with 
no added N was.16 for OR-US 4930 and 62 for Sumas. 



45 

BIBLIOGRAPHY 

1. Abbott, A. J.  1968.  Growth of the strawberry plant 
in relation to nitrogen and phosphorous nutrition. J. 
Hort. Sci.  43:491-504. 

2. Albregts, E. E., C. M. Howard and F. G. Martin.  1974. 
Influence of fertility level on yield response of 
strawberries.  Proc. Soil and Crop Sci. Soc. Fla. 
33:215-218. 

3. Albregts, E. E. and P. Sutton.  1972.  Response of 
strawberry to N and K fertilization on a sandy soil. 
Proc. Soil Crop Sci. Soc. Fla.  31:114-116. 

4. Allen, S. E., G. L. Terman and L. B. Clements.  1976. 
Greenhouse techniques for soil - plant fertilizer 
research. T. V. A. Bui. Y-104. Muscle Shoals, 
Alabama. 

5. Barker, A. V., J. F. Laplante and R. A. Damon, Jr. 
1983.  Growth and composition of radish under various 
regimes of nitrogen nutrition. J. Amer. Soc. Hort. 
Sci.  108:1035-1040. 

6. Barker, A. V. and D. N. Maynard.  1972.  Cation and 
nitrate accumulation in pea and cucumber plants as 
influenced by nitrogen nutrition. J. Amer. Soc. Hort. 
Sci.  97:27-30. 

7. Barker, A. V., D. N. Maynard and W. H. Lachman.  1986. 
Induction of tomato stem and leaf lesions, and 
potassium deficiency, by excessive ammonium nutrition. 
Soil Science.  103:319-327. 

8. Barker, A. V. and H. A. Mills.  1980.  Ammonium and 
nitrate nutrition of horticultural crops. 
Horticultural Reviews, vol 2. (J. Janick ed.)  pp 
395-421.  Avi Publishing Co., Westport, Conn. 

9. Barker, A. V., R. J. Volk, and W. A. Jackson.  1966. 
Growth and nitrogen distribution patterns in bean 
plants (Phaseolus vulaaris L.) subjected to ammonium 
nutrition:  I.  Effects of carbonates and acidity 
control.  Soil Sci. Soc. Amer. Proc.  30:228-232. 

10.  Bayley, J. M., J. King and O. L. Gamborg.  1972.  The 
effect of the source of inorganic nitrogen on growth 
and enzymes of nitrogen assimilation in soybean and 
wheat cells in suspension cultures.  Planta 105:15-24. 



46 

11. Bennett, W. F., J. Pesek and J. J. Hanway.  1964. 
Effect of nitrate and ammonium on growth of corn in 
nutrient solution sand culture.  Agronomy J.  56:342- 
345. 

12. Blair, G. J., H. M. Miller and W. A. Mitchell.  1970. 
Nitrate and ammonium as sources of nitrogen for corn 
and their influence on the uptake of other ions. 
Agron. J.  62:530-532. 

13. Blatt, C. R.  1968. Response of Acadia' strawberry 
to two forms and three rates of nitrogen at two pH 
levels.  Am. Soc. Hort. Sci.  92:346-353. 

14. Blatt, C. R. 1981. Effect of nitrogen sources, rate 
and time of application on fruit yields of the Micmac 
strawberry.  Commun. in Soil Sci. Plant Anal. 
12(5):511-518. 

15. Breen, P. J. and L. W. Martin.  1981. Vegetative and 
reproductive growth responses of three strawberry 
cultivars to nitrogen. J. Amer. Soc. Hort. Sci. 
106(3):266-272. 

16. Breteler, H.  1973.  A comparison of ammonium and 
nitrate nutrition of young sugar-beet plants grown in 
nutrients solutions of constant acidity.  1. 
Production of dry matter, ionic balance and chemical 
composition.  Neth. J. Agric. Sci.  21:227-244. 

17. Breteler, H., and A. L. Smit.  1974.  Effect of 
ammonium nutrition on uptake and metabolism of nitrate 
in wheat.  Neth. J. Agric. Sci.  22:73-81. 

18. Clay, D. E., R. L. Mohler and H. A. Menser.  1984. 
The influence of N sources and rates on soil N 
parameters related to strawberry production in 
Northern Idaho.  Commun. in Soil Sci. Plant Anal. 
15(7):819-832. 

19. Cowie, G. A. 1918. Decomposition of cyanamide and 
dicyandiamide.  J. Agr. Sci.  9:113-127. 

20. Cox, W. J. and H. M. Reisenauer. 1973. Growth and 
ion uptake by wheat supplied nitrogen as nitrate or 
ammonium, or both.  Plant and Soil 38:363-380. 

21. Davis, J. M., W. H. Loescher, M. W. Hammond and R. E. 
Thornton.  1986.  Response of potatoes to nitrogen 
form and to change in nitrogen form at tuber 
initiation.  J. Amer. Soc. Hort. Sci.  111:70-72. 



47 

22. Dormaar, J. F. and J. W. Ketcheson.  1960.  The effect 
of nitrogen form and soil temperature on the growth 
and phosphorous uptake of corn plants grown in the 
greenhouse.  Can. J. Soil Sci.  40:177-184. 

23. Elamin, O. M. and G. E. Wilcox.  1986. Manganese 
toxicity development in muskmelons as influenced by 
nitrogen form.  J. Amer. Soc. Hort. Sci.  111:323-327. 

24. El-Shishiny, E. D.  1955. Absorption and assimilation 
of inorganic nitrogen from different sources by 
storage root tissue. J. Exp. Bot.  6:6-16. 

25. Frith, G.J.T., and D. G. Nichols.  1975.  Preferential 
assimilation of ammonium ions from ammonium nitrate 
solutions by apple seedlings.  Physiol. Plant. 33:247- 
250. 

26. Ganmore-Neumann, R. and U. Kafkafi.  1983.  The effect 
of root temperature and N03":NH4

+ ratio on strawberry 
plants.  I.  Growth, flowering and root development. 
Agron. J.  75:941-47. 

27. Ganmore-Neumann, R. and U. Kafkafi.  1985.  The effect 
of root temperature and nitrate/ammonium ratio on 
strawberry Plants.  II.  Nitrogen uptake, mineral ions 
and carboxylate concentrations. Agron. J.  77:835- 
840. 

28. Gigon, A. and I. H. Rorison.  1972.  The response of 
some ecologically distinct plant species to nitrate 
and to ammonium-nitrogen. J. Ecol.  60:93-102. 

29. Greidanus, T., L. A. Peterson, L. E. Schrader, and M. 
N. Dana.  1972.  Essentiality of ammonium for 
cranberry nutrition J. Amer. Soc. Hort. Sci.  97:272- 
277. 

30. Guttridge, C. G. and H. M. Anderson.  1973.  The 
relationship between plant size and fruitfulness in 
strawberry in Scotland.  Hort. Res.  13:125-135. 

31. Harada, T., H. Takaki and Y. Yamada.  1968.  Effect of 
nitrogen sources on the chemical components in young 
plants.  Soil Sci. Plant Nutrition.  14:47-55. 

32. Hartman, P. L., H. A. Mills and J. B. Jones, Jr. 
1986.  The influence of nitrate: ammonium ratios on 
growth, fruit development and element concentration in 
"Flora del' tomato plants. J. Amer. Soc. Hort. Sci. 
111:487-490. 



48 

33. Hauck, R. D.  1972.  Nitrification Inhibitors - 
Present status and future use.  TVA, National 
Fertilizer Development Center, Muscle Shoals, Ala. 
Agron. Abst.   1972-76.  Soil Sci. Div. 97. 

34. Hauck, R. D., and H. Behnke, eds.  1981.  Proc. 
Technical Workshop on Dicyandiamide.  SKW Trostberg, 
West Germany. 

35. Haynes, R. J. and K. M. Goh.  1978. Ammonium and 
nitrate nutrition of plants.  Biol. Rev.  53:465-510. 

36. Ikeda, M. and Y. Yamada.  1984.  Palliative effect of 
nitrate supply on ammonium injury of tomato plants: 
Growth and chemical composition.  Soil Sci. Plant 
Nutr.  30:485-493. 

37. Ismunadji, M., and W. Dijkshoorn.  1971.  Nitrogen 
nutrition of rice plants measured by growth and 
nutrient content in pot experiments.  I.  Ionic 
balance and selective uptake.  Neth. J. Agric. Sci. 
19:  223-236. 

38. John, M. K., H. A. Daubeny and F. D. McElroy.  1975. 
Influence of sampling time on elemental composition of 
strawberry leaves and petioles.  J. Am. Soc. Hort. Sci. 
100(5):513-517. 

39. John, M. K., H. A. Daubeny, F. D. McElroy and M. 
Garland.  1976.  Genotypic influence on elemental 
composition of strawberry tissues.  J. Amer. Soc. 
Hort. Sci.  101.  101:438-441. 

40. Keefer, R. F., C. £. Hickman and R. E. Adams. 1978. 
The response of strawberry yields to soil fumigation 
and nitrogen fertilization. HortScience.  13:51-52. 

41. Kirkby, E. A.  1968.  Influence of ammonium and 
nitrate nutrition on the cation-anion balance and 
nitrogen and carbohydrate metabolism of white mustard 
plants grown in dilute nutrient solutions.  Soil 
Science.  105:133-141. 

42. Kirkby, E. A. and A. H. Knight.  1977.  Influence of 
the level of nitrate nutrition on ion uptake and 
assimilation, organic acid accumulation and cation- 
anion balance in whole tomato plants.  Plant Physiol. 
60:349-353. 

43. Kirkby, E. A. and K. Mengel.  1967.  Ionic balance in 
different tissue of the tomato plant in relation to 
nitrate, urea, or ammonium nutrition.  Plant Physiol. 
42:6-14. 



49 

44. Leonce, F. S. and M. H. Miller.  1966.  A 
physiological effect of nitrogen on phosphorus 
absorption by corn. Agron. J. 58:245-249. 

45. Long, J. H. and A. E. Murneek.  1937. Nitrogen and 
carbohydrate content of the strawberry plant. 
Missouri Agr. Expt. Sta. Res. Bui.  252. 

46. Maynard, D. N. and A. V. Barker.  1969.  Studies on 
the tolerance of plants to ammonium nutrition. J. 
Amer. Soc. Hort. Sci.  94:235-239. 

47. McFee, W. W. and E. L. Stone, Jr.  1968. Ammonium and 
nitrate as nitrogen sources for Pinus radiata and 
Picea glauca.  Soil Sci. Soc. Amer. Proc.   32:879- 
884. 

48. McKee, H. S.  1962. Nitrogen Metabolism in Plants. 
Clarendon Press, Oxford. 

49. Meisinger, J. J., G. W. Randall and M. L. Vitosh. 
1980.  Nitrification Inhibitors - Potentials and 
Limitations.  ASA Special Publication No. 38.  Am. 
Soc. Agron. Madison, Wis. 

50. Mengel, K. and E. A. Kirkby.  1982.  Principles of 
Plant Nutrition, 3rd Edition.  International Potash 
Institute.  Bern, Switzerland. 

51. Middleton, K. R. and G. S. Smith.  1979. A comparison 
of ammoniacal and nitrate nutrition of perennial 
ryegrass through a thermodynamic model.  Plant and 
Soil.  53:487-504. 

52. Mosdell, D. K., W. H. Daniel and R. P. Freeborg. 
1986.  Evaluation of dicyandiamide-amended fertilizers 
on Kentucky bluegrass. Agron. J. 78:801-806. 

53. Nommik, H.  1959. Ammonification and nitrification of 
calcium cyanamide in different soils and under 
different conditions. Acta Agri. Scand.  8:408-440. 

54. Polizotto, K. R., G. E. Wilcox and C. M. Jones.  1975. 
Response of growth and mineral composition of potato 
to nitrate and ammonium nutrition.  J. Amer. Soc. 
Hort. Sci.  100:165-168. 

55. Prasad, R.  968.  Dry matter production and recovery 
of fertilizer nitrogen by rice, as affected by 
nitrification retarders N-serve' and AM'.  Plant and 
Soil.  29:327-330. 



50 

56. Prasad, R., G. B. Rajale and B. A. Lakhdive.  1971. 
Nitrification retarders and slow-release nitrogen 
fertilizers.  Adv. Agron. 23:337-383. 

57. Reddy, G. R.  1963.  Effect of mixing varying 
quantities of dicyandiamide with ammonium fertilizers 
on nitrification of ammonia in soils.  Can. J. Soil 
Sci.  44:254-259. 

58. Reddy, G. R.  1964.  Effect of varying quantities of 
dicyandiamide on the utilization of nitrogen by 
several crops from sodium nitrate and ammonium 
sulfate.  J. Agri. Sci.  62:35-38. 

59. Riggert, C.  1976. Nitrification suppression and 
spinach growth in alkaline soil. M. S. Thesis. 
Colorado State University.  Fort Collins, Colorado. 

60. Sahrawat, K. L. and D. R. Keeney.  1984.  Effects of 
nitrification inhibitors on chemical composition of 
plants:  A review. J. Plant Nutrition 7(9):1251-1288. 

61. Schrader, L. E., D. Doneska, P. E. Jung, Jr., and L. 
A. Peterson.  1972.  Uptake and assimilation of 
ammonium-N and nitrate-N and their influence on the 
growth of corn (Zea mays L.). Agron. J. 64:690-695. 

62. Smiley, R. W.  1974.  Rhizosphere pH as influenced by 
plants, soils and nitrogen fertilizers.  Soil Sci. 
Soc. Am. Proc.  38:795-799. 

63. Spratt, E. D., and J. K. R. Gasser.  1970.  The effect 
of ammonium sulfate treated with a nitrification 
inhibitor, and calcium nitrate, on growth and N-uptake 
of spring wheat, ryegrass and kale. J. Agri. Sci. 74: 
111-117. 

64. Stratton, M. L. and A. V. Barker.  1987.  Growth and 
mineral composition of radish in response to 
nitrification inhibitors. J. Amer. Soc. Hort. Sci. 
112:13-17. 

65. Strik, B. C. and J. T. A. Proctor.  1988.  Yield 
component analysis of strawberry genotypes differing 
in productivity. J. Amer. Soc. Hort. Sci. 113(1):124- 
129. 

66. Syrett, P. J.  1956.  The assimilation of ammonia and 
nitrate by nitrogen starved cells of Chorella 
vulqaris:  III. Differences of metabolism is 
dependent on the nature of the nitrogen source. 
Physiol. Plant.  9:28-37. 



51 

67. Ta, T. C. and K. Ohira.  1982.  Comparison of the 
uptake and assimilation of ammonium and nitrate in 
Indica and Japonica rice plants using the tracer 15N 
method.  Soil Sci. Plant Nutr.  28:79-90. 

68. Torres de Claassen, M. E. and G. E. Wilcox.  1974. 
Effect of nitrogen form on growth and composition of 
tomato and pea tissue. J. Amer. Soc. Hort. Sci. 
99:171-174. 

69. Torrey, D. C., M. L. Stratton and A. V. Barker.  1982. 
Mineral composition of radish in response to 
nitropyrin and nitrogen sources. J. Amer. Soc. Hort. 
Sci.  107:784-788. 

70. Van Den Driessche, R.  1971. Response of conifer 
seedlings to nitrate and ammonium sources of nitrogen. 
Plant and Soil.  34:421-439. 

71. Vines, H. M. and R. T. Wedding.  1960.  Some effects 
of ammonia on plant metabolism and a possible 
mechanism for ammonia toxicity.  Plant Physiol. 
35:820-825. 

72. Voth, V., E. L. Proebsting Jr., and S. R. Bringhurst. 
1961.  Response of strawberries to nitrogen in 
southern California.  Proc. Am. Soc. Hort. Sci. 
78:270-274. 

73. Voth, V., K. Uriu and S. R. Bringhurst.  1968.  Effect 
of high nitrogen applications on yield, earliness, 
fruit quality and leaf composition of California 
strawberries. Amn. Soc. Hort. Sci.  91:249-256. 

74. Warncke, D. D. and S. A. Barber.  1973. Ammonium and 
nitrate uptake by corn (Zea mays L.) as influenced by 
nitrogen concentration and NH4 /N03" ratio. Agron. J. 
65:950-953. 

75. Warren, H. L., D. M. Huber, D. W. Nelson, and O. W. 
Mann.  1975.  Stalk rot incidence and yield of corn as 
affected by inhibiting nitrification of fall applied 
ammonium. Agron. J.  67:655-660. 

76. Way, D. W. and G. C. White.  1968.  The influence of 
vigour and nitrogen status on the fruitfulness of 
Talisman strawberry plants. J. Hort. Sci.  43:409- 
419. 

77. Weissman, G. S.  1964. Effect of ammonium and Nitrate 
nutrition on protein level and exudate composition. 
Plant Physiol.  39:947-952. 



52 

78. Wenzel, W. G., F. J. Calitz and N. Hurter. 1976. 
Screening strawberry clones for freezing ability. 
Agraplantae.  8:7-10. 

79. Yemm, E. W. and A. J. Willis.  1959.  Respiration of 
barley plants.  IX.  The metabolism of roots during 
assimilation of nitrogen.  New Phytol.  58:229-254. 



APPENDIX 



Table A.l. Marketable yield and percent of berries with grey mold. 

Marketable Yield (MT/h< a) Percent Grey Mold 

Harvest Number Harvest Number 
Cultivar or 
Selection 1 2     3     4 Total 

28.2 

13.2 

1 2 3      4 Total 

OR-US 4930 

Sumas 

9.3 

8.2 

10.6    6.2    2.1 

4.4    0.6 

1.61 

5.04 

4.58 

13.22 

4.02   5.31 

15.55 

3.54 

8.51 

Table A.2.  Mean berry weight, pH, soluble solids content and percent drip loss. 

 Mean Berry Weight (g)  

Harvest Number 
Cultivar or % Soluble % Drip 
Selection 1 2     3     4   Total - PH Solids Loss 

OR-US 493O1 13, .13 10.34  8.11   5.64   10.43 3.14 8.91 47.9 

Sumas2 13, .02 7.76  4.29          10.90 3.61 8.53 36.33 

^H, soluble solids, and drip loss were determined for the second harvest. 

2pH, soluble solids, and drip loss were determined for the first harvest. 



Table A.3.  Nutrient content of leaves. 

Selection or % ppm 
Cultivar and 

Sampling Date P K S Ca 

1.68 

Mq 

0.31 

Mn 

291 

Fe 

217 

Cu 

5 

B Zn 

17 

Al 

OR-US 4930 
June 1986 0.21 1.47 0.08 29 81 

April 1987 0.47 1.98 0.09 0.84 0.35 201 164 8 41 22 48 

Sumas 
June 1986 0.25 1.43 0.08 1.01 0.27 237 182 5 26 18 42 

March 1987 0.69 2.06 0.13 0.78 0.37 288 159 11 58 34 27 

Table A.4.  Nutrient content of fruit (ppm). 

Selection 
or Cultivar P K S Ca Mq 

1304 

1396 

Mn 

48 

50 

Fe 

87 

121 

Cu 

11 

3 

B Zn 

15 

9 

Al 

OR-US 4930 

Sumas 

1920 

2128 

15164 

14827 

376 

534 

2036 

2070 

10 

11 

77 

121 


