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INTRODUCTION 

Increased food production is required to feed the ex

panding world population. It is known that the level of 

nutrients in the soil is one of the important factors 

affecting the yield and composition of plants. While ferti

lizer recommendations are available in other areas, their 

effects on horticultural crops should be understood and crit

ically established for mid-central Saskatchewan. At present, 

the use of fertilizers is of considerable interest to vege

table growers in this province. Field experiments with vary

ing fertilizer rates have already been conducted, but envir

onmental effects, other than fertilizer level, are difficult 

to control. In particular the leaching of some applied ferti

lizer elements out of the root zone is a problem in field 

experiments. ~was the purpose of this thesis to present 

results of experiments designed to study the effects of 

fertilizers on carrots, potatoes and sweet corn where the 

applied fertilizer was retained in the potential root area. 

Furthermore, greater control of environmental factors was 

obtained in the greenhquse with fan-pad cooling equipment. 
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LITERATURE REVIEW 

Some Important Functions of Nitrogen, Phosphorus 

and Potassium on Crops 

Nitrogen 

Tisdale and Nelson (127) stated that nitrogen was an 

essential constituent of all living matter. Nitrogen has 

been known for sometime to be important in the formation of 

proteins and hence of all protoplasm (68, 100, 127). In 

addition to this function nitrogen has been reported by these 

authors to be a constituent of the chlorophyll molecule. In 

general, the absorption of nitrogen by plants has been either 

as ammonium or as nitrate ions, but the absorbed nitrate was 

probably reduced to ammonium by the plant before it was 

further changed to the amino (-NH2 ) form for assimilation as 

protein or similar material (100, 127). Nitrogen induced the 

leaves of the plant to grow larger and therefore to have a 

larger surface available for photosynthesis (100). Tisdale 

and Nelson (127) stated that an adequate nitrogen application 

yielded a vigorous vegetative growth and a deep green colour. 

They, as well as Russell (100), stated that excessive appli

cations of nitrogen would sometimes prolong the growing 

period, as well as delay crop maturity. This excess would be 

more serious if other nutrients were not adequate (68, 100, 

12?). 

According to Tisdale and Nelson (127), carbohydrate 
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utilization was related to the nitrogen supply. They stated 

that plants with adequate application of nitrogen under 

favorable growing conditions produced less carbohydrate in the 

vegetative portion and resulted in more succulent plants. 

Such plants were more susceptible to disease or insect attack. 

Excessive succulence with grain crops might make a plant lodge, 

especially when potassium supplies were ina.dequa te or when 

varieties were not adapted to high rates of nitrogen (127). 

Krantz and Chandler (67), however, studying lodging, leaf 

composition and yield of corn as influenced by heavy appli

cations of nitrogen and potash, found that the lodging in

crease owing to nitrogen applica. tion was much less than gen

erc~.lly assumed. They ( 67.) also found tha. t the lodging effect 

would be reduced if proper spacing was applied (10,000 plants 

per acre). 

Because of nitrogen mobility in plants, a shortage of 

nitrogen would be expressed as stunted growth and yellow 

appastrance of the old leaves ( 100, 127). 

Phosphorus 

It has been generally accepted that plants absorbed 

most of their phosphorus in the fo'rm of prinv.ry orthophosphate 

ion, H2Po4. Small amounts of the secondary orthophosphate ion, 

HP04, were absorbed (100, 127). Plants might also take up 

certain soluble organic phosphates. Tisdale and Nelson (12?) 

showed that nucleic acid and phytin were absorbed by plants 

from sterile sand or solution culture. It was found by 
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Russell (100) that plants were relatively inefficient users 

of phosphorus in the field since only about 20 to 30 percent 

of the amount supplied as fertilizer was absorbed. Tisdale 

and Nelson (12?) ::stated that because of the easy mobility of 

phosphorus in plants, the element contained in the old tissues 

was transferred to the active meristematic regions when a 

deficiency occurred. 

Purvis and Carolus (95) stated that the importance of 

phosphorus was indicated by the fact that there was high 

phosphorus content in all seeds. Tisdale and Nelson (127) 

also stated that phosphorus was considered to be an essential 

requirement for seed· formation and was found in large amounts 

in seed and fruit. Phosphorus has been known for sometime to 

be associated with all of the biochemical reactions in plants 

( 95 ~00). According to Purvis and Carolus ( 95), phosphorus 

was related to both the accumulation and release of energy 

for plant metabolic function and in addition was a component 

of many plant protein complexes. It was reported by Tisdale 

and Nelson (127) that the phosphorus had been considered as 

a constituent of nucleic acid, phytin and phospholipids. In

vestigation by Purvis and Carolus (95) indicated that because 

of the function of phosphorus in the energy transformation 

required for growth, phosphorus deficieft plants were re

tarded in root development first, then finally had reduced 

top growth and delayed maturity, An adequate application of 

phosphorus fertilizers had also been· associated with increased 

root growth (95, 127). Tisdale and Nelson {127) said that 



a good supply of phosphorus hastened the ripening processes 

of plants. A sufficient application in the early life of the 

plant was important in laying down the primordia for its re

productive parts (127). 

Russell (100) stated that phosphorus deficiency was ex

tremely difficult to diagnose, not like nitrogen deficiency. 

He found that sometimes there were no obvious signs of de

ficiency, even on crops suffering from severe starvation of 

phosphorus. According to Russell's statement (100), unlike 

nitrogen which increased leaf growth but reduced the power of 

leaves to send carbohydrates to the roots, phosphorus seemed 

to increase leaf area without affecting the power of the 

leaves to transport carbohydrates to the roots. 

Potassium 

According to Tisdale and Nelson (127), potassium was 

absorbed by plants as the potassium ion K+. They reported 

that potassium was a mobile element which would move from the 

lower leaves to the younger leaves when a shortage occurred. 

Unlike nitrogen and phosphorus which played a major role in 

plant constituents, such as protoplasm, fats and cellulose 

etc., the function of potassium seemed to be catalytic in 

nature (127)• Tisdale and Nelson (127), as well as Lawton 

(72), listed the physiological functions of potassium as 

follows: 

1. It affected carbohydrate metabolism or formation, 

breakdown and translocation of starch, 
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2. It affected nitrogen metabolism and protein syn

thesis,particularly in meristem tissues, 

). It controlled and regulated the activities of 

various essential nutrients, 

4. It neutralized the organic acids in the plant, 

5. It activated various enzymes, 

6. It promoted growth of young meristems, 

7. It adjusted stomatal openings, and 

·s. It might also play a part in the maintenance of 

turgidity in plant cells and increase disease 

resistance. 

Similar statements were found in Humbert's report (60). In 

addition to the above statement, Humbert (60) reported that 

potassium could increase root growth and improve drought re

sistance, reduce respiration in order to prevent energy 

losses and affect starch content in grain. 

It was also observed that a shortage of potassium re

sulted in lodging of small grains and stalk breakage in corn 

and sorghum (127). Humbert (60) had the similar report that 

potassium affected cellulose formation and reduced lodging. 

These authors (127) stated that a potassium shortage resulted 

in great yield reductions. Also, according to them, decreased 

potassium, as well as nitrogen, was associated with a decrease 

in resistance to certain plant diseases. 
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Carrots 

Factors affecting the yield and quality of carrots 

Janes (62) stated that climatic conditions were the most 

important factor in determining the vitamin (ascorbic acid 

and carotene) content. Lantz (69) listed the following 

effects of environment on color: (1) changing temperature 

affected the amount and distribution of carotene in the root; 

(2) increasing soil moisture from a low to a high percentage 

decreased the total amount of colour; (3) a marked defic

iency of plant food materials resulted in small size and

poor colour, but in soils of moderate fertility an increase 

of plant food failed to increase appreciably the colour of 

the roots and (4) carrots grown on sandy soil or on soils high 

in organic matter were of better colour than those grown on 

silt loam soil. 

Although Smith et al (111) reported no consistent rela

tionship of carotene and thiamin content to variety, Brown 

(18), reported that the Scarlet Horn and French Forcing var

ieties were higher in carotene content than any other varie

ties. Hansen (49) also observed some variation in carotene 

content of different varieties but did not find important 

differences between roots grown in nine areas within the State 

of Oregon. 

Bradley and Smittle (13), Brown (18), Hansen (49), Janes 

(62), Lantz (69) and Platenius (91), as well as Smith et al (111), 
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all reported an increase in carotene content with age, 

maturity and length of growing period of carrots. Barnes (4), 

however, found that no response in carotene content could be 

obtained by varying the length of growing period. Lantz (69), 

as well as Smith et al (111), found that ascorbic acid levels 

of carrots were somewhat richer when the carrots were young. 

According to Platenius• investigation (91), on the basis of 

chemical data from two experiments, the eating quality of old 

carrots should be equal to, if not better than, that of young 

carrots. 

Although Janes (62), Barnes (4) and Miller~ al (82), 

found that there was little or no effect of fertilizer level 

on the percentage of vitamin content in the plant, Wolf (135), 

stated "A suitable complete fertilizer (1:1:1.7) has a more 

favourable effect on the vitamin content of carrots than the 

application of one fertilizer nutrient only". According to 

Dhesi et al (24), the application of fertilizer significantly --
increased the leaf number, the height of the plants and im

.proved the root length and the diameter. Miller et al (82), 

also found that the fertilizer treatments had a definite in-

fluence on the type of growth of both tops and roots. Differ-

ent kinds of fertilizers had various effects on carrots. 

Raleigh (96) stated that an increasing amount of urea-type 

fertilizers would cause marked increases in the branching of 

roots. Osawa (88), also found that, in general, many branched 

carrot roots occurred with the ammonium form of nitrogen. 

There would seem to be a number of environmental factors 



that affect yield and quality. Bradley et al (13), found that 

the best colour of carrots occurred in plots having the soil 

and air temperature in the upper 50 to 65 degree F range. 

Barnes (4), also found that the best colour, the greatest total 

growth and the most normal type of growth was obtained at 60 

to 70 degrees F rather than at 70 to 80 degrees or 50 to 60 

degrees F. Salter and Goode (102), reported that when a max

imum soil moisture stress of approximately 6 atmospheres 

occurred during the period of final root development, the 

yield of carrot roots was reduced by 13 percent. Barnes (4) 

also found that smaller carrots were produced under low soil 

moisture and were more tapered at the lower end than those pro

duced under a medium or a high soil moisture {18 percent, 26 

percent and 34 percent moisture content of soil, respectively). 

Deep, loose, well-drained sandy loams or loams with a slightly 

acid reac~ion were preferred for carrots (132), It was further 

reported by them that carrots tended to produce abundant leaf 

growth and forked roots if they were grown on comparatively 

heavy soil. According to Miller et al (82), better colour 

of carrots was produced on well-aerated soils (greater content

of sand and organic matter). They also found that soil reaction 

had no significant effect on colour. Janes (62) stated that 

high light intensity was related to high ascorbic acid content. 

Work done by Goodman (48) indicated that the yield was 

depressed and the percentages of split and coarse roots were 

increased by wide spacing of plants. He also found that early 

sowing or leaving the roots a relatively long time in the ground 

would increase the number of split roots. Br~dley (14), as well 
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as Bradley and Smittle (13), found that planting date and 

harvest sequence significantly affected the soluble and total 

solids. According to Hansen (49), as well as Bradley and 

Smittle (13), carotene content of winter-grown carrots was 

much lower than for those which matured during the summer and 

fall. 

Effect of nitrogen on carrots 

Nicolaisen and Haar (86) found that foliage production 

seemed to depend on nitrogen supply. Experiments by Southards 

and Miller (82) showed that top growth was markedly limited 

by either low nitrogen or loitJ phosphorus leve 1. 

Zurbicki (140), studying the requirement for nitrogen, 

phosphorus and potassium by chemical analyses of the edible 

parts of the plant, noted that uptake of nitrogen fertilizer 

by carrots during the summer· months was greatest in August. 

Smith and Salomon (110} reported that carrots required 10 to 

25 parts per million of nitrogen during the first third of the 

growth period and 25 to 50 parts per million of nitrogen there

after. It was found that the percentage of the nitrogen in 

the plant decreased during the growth period (55). Nicolaisen 

and Haar (86), however, found that the nitra~e content during 

the vegetative period decreased in the roots, but increased in 

the leaves in the late sown crops (August). According to 

Osawa•s investigation (88}, the ammonium form of nitrogen in 

the absence of NaCl in the soil increased the nitrogen and 
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phosphorus contents of the foliage, but decreased the calcium, 

potassium and magnesium content. In the presence of NaCl, 

however, he found that the nitrogen content of the foliage de-

creased with an increasing supply of the ammonium form of 

- + nitrogen. The cation content also decreased, but Cl and Na 

content increased with an increasing supply of the ammonium 

form of nitrogen. 

According to Woodman and Johnson (137), nitrogen appli-

cation increased the dry matter in the tops, but not the roots. 

They found that although increases in fresh weight of roots of 

the carrots were obtained by nitrogen application, this re

sulted from increases in water content, not dry matter. They 

also found that the application of nitrogen would decrease the 

moisture content in the tops. Matuura (78) observed that 

maximum root growth occurred 30 to 80 days after germination 

at a temperature of 20 degreesC with an application of nitrogen 

at 80 to 120 pounds per acre and potassium at 40 to 80 

pounds per acre, Although Austin (2) stated that the yield 

of roots was not increased by the application of nitrogen, 

Forbes and Westgate_(40), as well as Nicolaisen and Haar (86), 

found that nitrogen supply significantly increased the yield 

of roots. They (40) went on to say that best yields were pro

duced with the combination of 200 to 250 pounds of nitrogen, 

200 pounds of potash and 60 pounds of magnesium per acre. It 

was reported by Dhesi et al (24) that the highest yield and 

returns were obtained from the application of nitrogen at 50 

pounds and potassium at 50 pounds per acre, Garner (44) found 
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that the single application of fertilizer which was 20 pounds 

per acre of nitrogen, 40 pounds per acre of P2o5 and 50 pounds 

per acre of K2o was usually enough to produce a good yield of 

carrots. According to Goodman (48), as well as Wallace (131), 

only a moderate amount of nitrogen was required to give max-

imum yields, and excess nitrogen tended to increase root 

splitting. Investigation by Goodman (47) indicated that high 

yields of carrots without root splitting could be produced from 

300 pounds of sulphate of ammonia per acre. Ware and McCollum 

(132) stated that 60 to 100 pounds of nitrogen and 50 pounds 

of P2o
5 

were required on mineral soils in the western part of 

the United States of America. D~ebrailow (31), studying the 

" efficiency of fertilizers applied to carrots on the Apseron 

peninsula, stated that applications of 26.72 pounds of nitrogen, 

44.53 pounds of P2o
5 

and 13.36 pounds of K2o per acre four to 

six days before sowing, followed by two further applications 

of nitrogen, phosphorus and potassium, each at 13.36 pounds per 

acre, at the three to four leaf stage and again 25 days later, 

increased yields of irrigated carrots by 134 percent compared 

with the unfertilized controls and similar rates of nitrogen 

and phosphorus alone increased yields by 57 percent. 

Wolf (135), as well as Pollard (92), found that nitrogen 

fertilizer raised the carotene content of carrots. Freeman and 

Harris (42), studying the effect of nutrients on the carotene 

content of the carrot, noted that there was a linear relation-

ship between nitrogen application and the carotene content of 
•• the carrots. According to Scharrer and Burke (10?), nitrogen 
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application, even in excess of the optimum for high yields, 

might still increase the carotene content of carrots. 

Penningsfeld and Forchthammer (90) stated that increased 

nitrogen supply reduced the content of potassium, calcium and 

sodium in the dry matter, but the flavour and storage· quality 

were not affected by differences in the nutrient ratios. 

Osawa (88), studying carrot growth in sand culture un

der glass, found that carrot growth was always better with the 

nitrate form of nitrogen than with the ammonium form of nitro

gen. Niemann (87), as well as Osawa (88), however, stated 

that ammonium-treated plants, in general, produced more leaf 

and dry matter than did nitrate-treated plants. Scharrer and 

" Burke (107) found that nitrate seemed to have a more favour-

able effect on carotene formation than ammonium salt did. 

Effect of phosphorus on carrots 

Goo~~,.(48), as well as Scharrer and B~rke (107), stated 

that an adequate phosphate status was necessary to produce maxi

mum yield. Work by Woodman (136) indicated that a phosphorus 

deficiency not only resulted in abnormal root growth, but also 

caused a serious scorch, stunting and chlorosis of carrot 

plants. 

Woodman and Paver (138) stated that the cotyledons, and 

sometimes the whole of the foliage, were dark bronze in colour 

when phosphate was absent in the soil. 

Investigatic:>r:S by w·oodman and Johnson (137) indicated 

that although phosphate caused absolutely no response in fresh 



yields of tops, roots, or whole plants, it increased dry matter 

in the tops, decreased. the moisture content of the tops and 

increased moisture content of the roots. Forbes and Westgate 

( 40) stated u there was no response to additions of P from 

superphosphate''. However, Garner ( 44) reported that super

phosphate slightly increased yields in most of his experiments. 

According to Freenan and Harris' investig"d.tion (42), al.though 

the soil was deficient in phosphorus, appli.ca tions still had 

no effect on carotene content of carrots. Scharrer and Burke 

(107)~ however, said that p~osphorus was indispensible for the 

attainment of maximum carotene values. It was found that the 

percentage of phosphorus content in the plant decreased. slowly 

as the plant grew (55). 

Effect of ,EOta~.!_!!£l_on carrots 

From both sand culture and field experiments, Woodman

(136) noted that large am.ounts of potassium were necessary for 

optimum root growth of carrots. Wallace ~ al ( 131) sum:rrarized 

as follows: npotash supply was of great importance and nitro

gen omission of much less importance. Potassium omission re

sulted in the lowest yields. Phosphate omission ~~ve the 

highest Yields, a.nd the requirements for phosphate would thus 

appear to be low for carrots on thes.e plotsn. 

Haworth and Cleaver (55) found that the potassium content 

in the dry rw. tter of the seedlings increased with increasing 

concentration of potassium in the nutrient medium. They also 

found that these effects w-ere obvious three days after emer-

gence of the seedlings. According to their investigation, the 



percentage of potassium content in the plant increased during 

the growth period. 

Purvis and Carolus (95) stated that potassium deficiency 

symptoms of carrots were manifested in curled leaves. They 

also said that the margins of the leaves became brown, and the 

green in the inner portions faded to yellowish and finally 

became bronze. 

Work by Salonen (101) showed that carrots had larger 

potassium and smaller nitrogen requirements than swede turnips. 

Penningsfeld and Forchthammer (90) stated that an increased 

potassium application reduced the magnesium content. Accord

ing to Woodman and Johnson's experiments (137), potash app

lication decreased the moisture content of the t.ops and in

creased. that of the roots. Haworth and Cleaver (53) observed 

that the seedlings which had been grown at a potassium con

centration of 8.0 milli-equivalents per liter were about 60 

percent heavier than those which had been grown at 1.5 milli

equivalents per liter at the tenth day after the cotyledons 

had unfolded. They concluded that the greater absorption of 

potassium by seedlings was largely responsible for their more 

rapid growth. It was found that growth of seedlings on the 

fertilized soil was adversely affected when the rate was more 

than 200 pounds of potassium per acre (54). According to 

Austin ( 2 ), the yield of roots was significantly increased 

by the application of "potassic" fertilizer, but not by the 

application of nitrogen or "phosphatic" fertilizers. 

Investigation by Freeman and Harris (42) indicated that 
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there was no effect on carotene content by potassium applica

tion. They stated that the reduction of the carotene content 

by added potassium chloride was a chlorine effect which was 

detrimental to the formation of carotene, not because of the 

potassium. Scharrer and Burke (10'?) found that the effect of 

potassium on carotene formation depended on nitrogen supplies. 

They went on to say that an-excessive application of potassium 

tended to be unfavourable to carotene formation. 

Potato 

Factors affecting the yield and guality of potatoes 

Penman (89) stated that the final yield of potatoes de

pended on many conditions, such as, quality of .. seed"; soil 

type and management. as well as fertilizer and weather. Talburt 

and Smith (117), however, subdivided the factors influencing 

potato processing quality as follows: (1) date of planting, 

(2) soil type, (3) soil reaction, (4) soil moisture, (5) 

season, (6) location, (7) mineral nutrition of the plants, 

(8) cultivation and weed control, (9) spray program for 

control of insects and diseases, (10) temperature during 

the growing season, (11) time and method of killing vines, 

(12) time of harvest and (13) variety. 

Blood and Haddock (11) stated that the effects of cli

matic factors on potatoes was of great importance. Bodlander 

(~) reported that no tubers were produced at a 

temperature of 84.2 degrees F. According to Hardenburg's work .. (51), 
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every degree the mean temperature rose in July caused a re

duction in the average yield of potato of four bushels to the 

acre. He (51) found that the highest yields were obtained 

when the mean annual temperature was below 45 degrees F and 

the warmest month should not average much above 65 degrees F. 

Bodlander (12) reported that although the number of tubers per 

plant was higher at lower than at higher night temperature, 

the tubers were smaller. He also reported that potato growth 

was very much accelerated, such as, stem elongation terminated 

earlier, tubers were initiated earlier and the plants died 

earlier under shortday and high light intensity conditions. 

He also found that the flower buds aborted before blooming in 

short days. According to Carolus and Woltz (21), the rainfall 

during the first three weeks in May had a much greater influence 

on yield than any fertilizer treatments. Hardenburg (51) 

found that approximately 400 pounds of available water were re

quired for each pound of dry matter produced. According to a 

report on "irrigation in Great Britain" potatoes responded well 

to irrigation and grew best when the soil was kept close to 

field capacity. The investigation of Teich and Menzies (124) 

indicated that fertilizer only had a little effect on potato 

quality when compared to climatic factors. 

Lujan and Smith {76) reported that yield and specific 

gravity of tubers of a given variety depended not only on en

vironmental factors, but also the kind and amount of fertilizer, 

as well as the influence of sbil According to Lujan and Smith's 

statements, nitrogen and potassium were considered to be more 

important than phosphorus in determining yield and specific 
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gravity of potatoes. It was stated by Houghland et ~ (59), 

however, that the three major plant nutrients, nitrogen, 

phosphorus and potassium, might have a greater influence on 

the specific gravity when they were applied as a complete 

fertilizer. The ideal soil for potato production was usually 

described as a rich, deep, friable, well-drained, medium loam, 

free from stones, moderately acid (pH 4.8-6.5) and containing 

adequate organic matter (1). Knott (65) reported that potatoes

were listed as being very tolerant to soil acidity (pH 6.8 -

5.0). The experiments of Smith (112) indicated that there 

was no significant difference in total yield between soil re

actions (pH) approximating 4.8 and 7.1. Smith (112) also ob

served that the percentage of scabby tuber was reduced at soil 

reactions above 7.8. Work by Dunn and Rest (29) indicated 

that the quality response to fertilizers was more significant 

on the light soils than on the heavy soils. 

Varietal difference was listed by Smith (117) 

as affecting the processing quality and Salunkhe ~ ~ (103) 

also observed highly significant differences in specific 

gravity and chip colour between varieties. According to 

Penman (89), available soil water requirement also depended on 

variety, that is, early potatoes needed to be irrigated all 

through the life of the crop, but water on the maincrop 

potatoes could be economically withheld until the tuber swell

ing stage was reached. 

Brown (16) suggested that better potato yields were 

produced under rotation than under continuous culture in dry 

seasons. 
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Effect of nitrosen on potatoes 

Houghland (59) s·tated that a shortage of available 

nitrogen was generally a distinct limiting factor in the growth 

of the potato plant. Ellison and Jacob (34) reported that 

nitrogen influenced potato yields more than phosphorus and 

potassium. According to Lorenz et al (74) nitrogen was the nu

trient most closely associated with increased yields on both 

sandy and peat soils. The investigations of Chamberland and 

Scott (22) also indicated that the effects of nitrogen appeared 

to be most beneficial during seasons of abnormal precipitation, 

whether low or high. 

Carolus (2.0) , studying the usage of nitrogen by means of 

foliar analyses, found that an acre of potato plants absorbed 

less than seven pounds of nitrogen during the first 50 days of 

planting. During the next 10 day period, the utilization of 

nitrogen averaged one pound per day, and during the next 20 

day period the absorption averaged two pounds per day. He also 

found that a gradual nitrogen transference from the foliage to 

the developing tubers took place about 80 days after planting. 

Nitrogen shortage induced the entire plant to be stunted 

and reduced both yield and quality of potato tubers (58). 

Houghland (58) stated that plant leaves were a light-green to 

yellowish-green colour in a mild deficiency stage. He also 

stated that, in a serious stage, the margins of the lower leaves 

lost their chlorophyll, a pale yellow colour developed and 

some foliage usually dropped off. According to him (58), 

plants in sandy soils which were low in organic matter and acid 
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enough to limit the bacteria's function for nitrification often 

showed nitrogen deficiency. 

Lorenz (29) reported that nitrogen increased the yield. 

By petiole tissue analysis, Smith (114) showed that if the 

plant contained less than 800 ppm of nitrate approximately one 

month after emergence, the yield would be decreased. According 

to the report of Gausman~ al (45), higher rates of nitrogen 

application resulted in both an increase in yield and an in-

creased nitrogen content, but a decrease in dry matter and spec

ific gravity. Zandstra et al (139), however, found that over

fertilization with nitrogen would reduce early tuber yields. 

They (139) found that yield responses to nitrogen fertilizer 

occurred from 80 pounds of nitrogen per acre up to a level of 

160 pounds of nitrogen per acre depending on types of soil. 

Benepal (6) noted that the largest increase as a result of ni

trogen fertilization was in tuber size and weight. Carolus 

and Woltz (21), studying potato yield on a Sassafrass sandy 

loam soil of below average productivity, found that when applic

ation of 60 pounds per acre of nitrogen and 240 pounds per 

acre of phosphate was· made, the highest average yields of po

tatoes were obtained. According to investigations of Brown (16), 

maximum yields were obtained from 100 pounds of nitrogen, 160 

pounds of phosphoric acid, and 120 pounds of potash per acre 

under continuous culture. Smith (114) found that maximum 

potato production was obtained from an annual application of 

100 pounds of nitrogen, 80 pounds of phosphoric acid and 120 

pounds of potash per acre. Chamberland and Scott (22) suggested 
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that 8:16:8 of 800 to 1200 pounds per acre were recommended to 

obtain good yields. Carolus and Woltz (21) found that too large 

an application of nitrogen to a potato crop in dry seasons would 

reduce the yield significantly. 

Holiday (57) reported that nitrogen reduced the dry matter 

content of potato tubers. Teich and Menzies (125), doing their 

experiments under Manitoba conditions, found that nitrogen 

application reduced specific gravity and tended to darken chip 

colour. According to Chamberland and Scott (22), supply~ng 

nitrogen at rates of more than 70 pounds per acre reduced 

quality. Lorenz et al (74) explained that this was usually 

associated with delayed maturity at high nitrogen rates. This 

explanation was supported by Gausman et al (45), because they 

found that there was a tendency for less dry matter content in 

tubers from immature than from mature plants. Gausman et al --
(45) reported that high rates of fertilizer caused a reduction 

of 1.6 percent total dry matter and 2.5 percent starch. Although 

Lorenz et al (?4), as well as Smith and Nash (118), stated-.that 

specific gravity was lower in potatoes receiving high nitrogen 

fertilizer than in those receiving low nitrogen or none, 

Eastwood and Watts (32) found that both rather low and rather 

high levels of nitrogen resulted in slightly higher specific 

gravity than developed from medium levels of nitrogen. They 

(32) also stated that the percent of reducing sugars in the. 

potatoes (chip quality) was not altered to any practical extent 

by the various nitrogen treatments. 

Benepal (5) found that there was a progressive increase 
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in the growth of plants (leaf number and height) with success

ive increments of nitrogen, Carolus and Woltz (21) indicated 

that a highly significant increase in plant weight was obtained 

from 120 and 180 pounds per acre of nitrogen over the 60 pounds 

application. Benepal (5) also found that the higher nitrogen 

levels prolonged the functional activities of the plant; for 

example, delayed maturity. According to his explanation, the 

increased plant growth from nitrogen application was apparently 

responsible for increased carbohydrate supply and was correlated 

with increased tuber weight, which, in turn, was reflected in 

increased yield. 

Carolus (20) reported that increased nitrogen produced 

a darker foliage color, but that it might be lighter with in

creasing amounts of potash, Nitrogen fertilization could affect 

the phosphorus content of all the plant parts (73). Lorenz (73) 

also found nitrogen application increased nitrogen content of 

plant parts. 

Brown (17), as well as Smith (114), found that the use of 

ammonium nitrate produced the highest average yield of potatoes 

as compared to other sources of nitrogen. 

Effect of phosphorus on potatoes 

According to Benepal (6), unless phosphorus and potassium 

were supplied in adequate amounts, they could limit yields of 

potatoes even heavily fertilized with nitrogen. Smith (114) 

reported that large quantities of phosphorus in potato fertil

izers were needed on acid soils. Gausman et al (45) 
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found that phosphorus was important in dry matter production. 

Also, there was a critical need for adequate phosphorus early 

in the development of the plant (45). 

Houghland (58) stated that the uptake rates of phosphorus 

corresponded closely to those of nitrogen, but that the quantity 

of absorption was about one-sixth to one-twelfth of nitrogen. 

He also stated that at the time the above-ground growth was 

about completed, 50 to 75 percent or more of the phosphorus 

transferred from the top to the developing tubers. The inves

tigations of Laughlin (71) indicated that applied phosphorus 

tended to increase the phosphorus content and si~icantly de

creased the potassium and nitrogen content of the tubers. 

Houghland (58) reported that phosphorus deficiency re

sulted in plants smaller than normal, somewhat spindly and 

definitely retarded in growth. Terminal growth ceased during 

the early stage of development and resulted in low yields and 

poor tuber quality. He also stated that affected tubers de

veloped brown flecks or radial streaks in the flesh without 

external abnormal appearances. Phosphorus deficiency symptoms 

could be noticed by the upward turning of leafstalks, leaflets 

and their margins, as well as the leaflets being smaller and 

darker than normal (58). 

Zandstra et al (139) stated that phosphorus fertilizer 

requirements of potatoes were related to types of soil; for 

example, the requirements were lower for the Nipawin soil 

type (0-35 pounds phosphorus per acre) than for the Melfort 

soil (35-140 pounds phosphorus per acre), and they were related 



24. 

to available phosphorus level in the soil. Chamberland and 

Scott (22) found that application of 80 pounds of phosphorus 

per acre induced a reduction in yield. Berefore (9), h·owever, 

has shown that application of 75 pounds phosphoric acid with 

300 pounds nitrogen per acre significantly increased yield 

over 300 pounds nitrogen per acre alone. According to the re

port of Simpson (108), there was a positive relationship be

tween phosphorus absorption and yield of tuber dry matter on 

soils low in phosphorus and negative relationships on soils 

high in phosphorus. Lorenz (73), as well as Laughlin (71)~ 

stated that phosphorus slightly increased the yield. Benepal 

(5) reported that phosphorus application led to greater out-

put of carbohydrates which increased the weight or size of tuber. 

Teich and Menzies (124) reported that although phosphorus 

was not so effective on yield, it tended to increase specific 

gravity and to lighten chip colour. Hart (52), however, ob

served that increases in the amounts of phosphorus in potatoes 

were likely to cause darker chip colour. Blood and Haddock 

(11) reported that phosphorus increased potato quality and 

yield to a small extent. According to investigations of 

Zandstra (139), increasing the rates of phosphorus and adding 

potassium generally decreased specific gravity. Lujan and 

Smith (76) found that phosphorus rarely had a depressing effect 

on specific gravity of tubers. They observed that the treat

ment of 300 pounds of phosphorus per acre produced tubers of 

0.001 lower specific gravity than the treatment of 150 pounds 

of phosphorus per acre. 



Carolus (2o) reported that plants treated with fertil

izer containing the intermediate phosphate mixture were some

what lighter in foliage colour than those receiving either more 

or less phosphate. He also said that a high rate of phosphate 

increased yield and plant growth. Experiments by Carolus and 

Woltz (21) indicated that each increase in the rate of phos

phate application (80, 120, 180 pounds per acre) resulted in 

a highly significant increase in the plant weight, but they 

found that there was no relationship between the yield and the 

weight of foliage. 

Effect of potassium on potato~ 

According to Houghland (58), the potato plant should have 

a continuous supply of potassium for normal growth. Zandstra 

et ~ (139) found that potassium fertilizer was necessary for 

maximum production. Lawton and Cook (72) reported that the needs 

of potassium fertilizer by white potatoes were very high, and 

this crop required a continuous supply for normal growth. 

Although Lorenz (73) found that potassium content was 

low in the early growing stage, he also found that the potassium 

content of all the plant parts was high at the later stages of 

growth. It was found. that normal potato foliage contained 1.2 

percent potash while diseased foliage only contained about 0.50 

percent potash (114). Laughlin (71) stated that application 

of potassium in fertilizers resulted in reduction of nitrogen 

and phosphorus content of potato tubers and foliage. It was 
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found by Smith (113) that an increased potassium supply re

sulted in an increase in its percentage in the leaves, 

Houghland (58), as well as Lawton and Cook (72), wrote 

that potassium deficiency resulted in abnormally dark green 

leaves; retarded and finally, completegchecked growth; and 

shortened internodes. The leaves were reduced in size owing 

to a closer arrangement of the leaflets, which developed 

sharper angles with the leaf stalk and became crinkled and 

curved downward. The early appearance of abnormally dark green 

foliage was one of the most dependable deficiency symptoms 

(58, 72). According to these authors, the lower leaves became 

yellowish, then a brown or bronze colour developed starting from 

tips and edges and finally death occurred. They also reported 

that plants with a lack of potassium showed a distinct purplish 

cast under certain light conditions. Potato yields decreased 

proportionally as the deficiency of potassium increased (58, 72). 

Although Chamberland and Scott (22) found that yields 

were unaffected by variations in the amounts of potassium 

application, Wilcox (133) reported that potatoes responded to 

potassium application on mineral soil that contained 100 pounds 

per acre exchangeable potassium in Indiana. He also said that 

the yields were increased 5500 pounds per acre from the applic

ation of 125 pounds per acre. Concluding from most reports, 

Wilcox (133) stated that potato yield responses were of the 

order of a 24 to 33 percent increase in yield from 40 to 100 

pounds of potassium per acre. They (22) also reported that 

increased potassfum was associated with a decline in quality 

in the form of a reduction in the amount of dry matter. Smith 



and Nash (118) also found that high rates of potash reduced 

specific gravity. Laughlin (71), however, reported that po

tas·sium supply increased the yield of u.s. No. 1 and the po

tassium content of the potato foliage and tubers. Dunton (30) 

observed that total solids of tubers were lower where 200 

pounds per acre of potash was used. Gausman ~ al (45) also 

reported that high rates also tend to decrease percent dry 

matter, specific gravity of tubers and to increase yield. 

Zandstra and co-workers (139) found that application of 50 

pounds potassium per acre consistently increased early tuber 

yields about 30 hundred-weight per acre, but according to 

Lorenz's experiments (73), potassium did not influence either 

the yield or the starch content. 

Holliday (57) reported that potash reduced the dry matter 

percentage of potato tubers. Teich and Menzies (124) found 

that application of potassium fairly consistently reduced 'spec

ific gravity. Hart (52) reported that specific gravity of 

potatoes and dry matter content of plant tops decrease with 

increasing levels of potassium applied. He also found that 

high levels of potassium application always lowered reducing 

sugar and total sugar content and induced a higher sucrose con

tent, but Blood and Haddock (11) stated that fertilizers with 

high potash tended to reduce cooking quality. Lujan and Smith 

(76) reported specific gravities were different between 100 pounds 

per acre and 300 and 500 pounds per acre. Humbert (60), however, 

stated that potassium had been found to be associated with good 

potato quality. He reported that tubers of good size and shape, 



as well as having good chip colour, could be only produced 

from adequate potassium application. 

Timm and Merkle (126) reported that potato yields were 

not affected by either the sulfate or chloride sources of pot

ash, but Murphy and Goven (84) observed that potassium sulfate 

produced higher yields than potassium chloride. Murphy and 

Goven ( 83, 84), as well as \·Jilcox ( 133), also found that pot

assium chloride decreased the specific gravity of tubers when 

compared to potassium sulfate. According to the work of Murphy 

and Goven (84), as well as Wilcox (133), potassium chloride 

also produced lighter colour potato chips than the sulfate 

source of potash. Smith (113) found that the percentage of 

starch in the tubers was significantly increased by using 

K2so4 instead of KCl in the mixture. 

Placement and timing_of~~ fer!iliZ~EE£ica.tion_~ 

According to results of over 80 fertilizer experiments 

of Lorenz et al ( 74) , placing of fertilizer bands two inches 

on either side and two inches below the seed-piece gave the 

best yields. Smith (113) stated that band application of fer

tilizer was slightly more effective than common row applica

tion. Greenhouse experiments by Dunn (29) indicated that 

planting the potato seed in contact with the fertilizers 

caused distinct plant injury. 

Smith ( 114) reported a. fall a.ppl1ca tion of potash was 

best for potatoes. According to Smith's studies (114) a na.xi

mum absorption of the nutrient by plants was found before 
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bloskoming and he also found that when nitrogen was added after 

blossoming rather than early in the season lower yields were 

obtained. Accordingly, Smith (114) suggested that the earlier 

fertilizer was applied the better the results. 

Smith (113) stated that potatoes following potatoes pro

duced a lower yield than potatoes following a green-manure 

crop. Brown (16) almost had the same statement that about one

half as much nitrogen and somewhat less phosphoric acid and 

potash resulted in the largest crops when potatoes were ro

tated with clover and timothy. 

Sweet Corn 

Factors affectins the yield and guality of corn 

Flynn et ~ (39), studying variations in temperature and 

rainfall during the 1951-1954 period, stated .. The factors aff

ecting the yield and composition of the corn plant, in order of 

importance, are (a) climatic conditions, (b) the level of nit

rogen in the soil, (c) the plant population, and (d) choice of 

hybrids". They observed that the 1951 season was excellent 

for corn because of a minimQ~ of extreme heat and an abundance 

of rainfall. The 1954 growing season, however, was most unfav

orable for grain corn production because of hot weather and a 

severe drouth. Although Flynn ~ al (39) stated that no grain 

corn was produced under a severe drought condition as in 1954, 

Krantz (66) concluded from his experiments that climatic cond

itions greatly influenced the amount of response to nitrogen, 
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but substantial responses were also obtained under drought 

conditions when good management practices were followed. 

Numerous workers have related corn yield and quality to 

nitrogen fertilizers and have found nitrogen to be the most 

important limiting factor in corn production (25, 26, 6?, 

128, 13o). Although Viets~ al (130) found that nitrogen 

increased yields significantly, phosphorus and potassium 

application did not; Englehorn and his co-workers (35) found 

that all three plant nutrients (nitrogen, phosphorus, and 

potassium) were necessary for best corn yield under the soil 

and fertility conditions in their experiments. They emphasized 

that high corn yields obtained on fertile soils could be 

ll}Stin ta.ined in continuous corn culture only Vlhen there was an 

adequate program of fertilizing with nitrogen, phosphorus and 

potassium in l:e.la.nced amounts. Sca.rseth et al ( 106) also 

found that the response to the addition of a needed element 

lla.s not obtained in corn plants if another element was in 

short supply. They went on to say that all the nutrients 

could be effective only when they were working toget~er. 

Dumenil (26) also found t~t the response to nitrogen fer

tilizer might be limited by a deficiency of phosphorus or 

potassium. It was also reported by MacGregor (77) that 

maturity of corn on Minnesota soil which was generally low 

in nitrogen was not delayed by heavy nitrogen applications, 

especially where phosphate and potash ( 150-80-80) were a.ppli ed. 

Krantz (66) found that a plant population of ),000 to 

4,000per acre could not produce high yields even if all other 
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factors were favorable. He found that at the adequate nitrogen 

rate the yield was increased by 29 bushels by going from 4,000 

to either 10,000 or 13,000 plants per acre. According to 

Stringfield and Thatcher {123), however, plant stand could not 

be increased too greatly as they found that stalk breakage and 

root lodging were both increased by thicker stands of 17,500 

plants per acre. Dumenil (26) found that for best utilization 

of nitrogen fertilizer there should be a final stand of 12,000 

stalks per acre on the lower fertility soils and 16,000 stalks 

per acre on the higher fertility soil. Jordon et al (64) found 

growth rates reaching linearity where 120 pounds of nitrogen 

were used per acre and there were 12,000 plants per acre. 

It has been previously stated that the maximum yield and 

quality attained not only depended upon the fertility level of 

the soil, the environmental conditions and adequate stands, 

but also depended upon the variety chosen. Flynn et al (39) 

considered the choice of hybrids was the fourth important re

quirement to obtaining high yield and composition of corn plants. 

Work by Duncan (27) supported this statement in which he found 

that the "late" hybrid on the high fertility level generally 

produced higher yields than the "adapted" and "early" hybrids 

up to 16,000 plants per acre. 

Effect of nitrogen on corn 

The need for nitrogen fertilization was established as 

early as 1922 by Conner (23). He wrote that "Except on those 
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soils which still have a large portion of unexhausted nitrogen 

left, the nitrogen problem is the most important soil fertility 

problem before the Corn Belt farmer and the time has arrived 

when the lack of nitrogen is seriously reducing yieldsn. 

Since that time considerable research work has been done 

on the relationship of corn yields and quality to the nitrogen 

content of soils. It has been found that the corn plant used 

more nitrogen than any other element (68, 128). Nitrogen was 

reported to be needed by the corn plant through the growing 

season (68). Hanway (50) stated that large proportions of the 

nitrogen and phosphorus and a small proportion of the potassium 

might be translocated r'rom other plant parts to the grains. 

Early investigation by Jones and Houston ( 63), Sayre (105) and 

more recently, by Krantz and Melsted (68) clearly indicated that 

the period of greatest demand for nitrogen started about 10 to 

14 days before and ended 21 to 30 days after tasseling. Sayre 

( 10 5) found a l'ta.Ximum rate of nitrogen absorption of more tf.lan 

four pounds per acre per day during the tasseling and silking 

stages. It was observed by Bennett .!:! al ( 8) that, when the 

nitrogen percentage in the leaf approached the level of approx

imately 2.8 or above, further increase did not appear to affect 

corn yield. Tyner ( 12 9) and Viets et al ( 13 o) obtained similar 

results. 

Krantz and Melsted (68) said that in some cases the symp

toms of a deficiency might give a better understanding of the 

nutrient relationships between plants and soil than by soil an

alysis. According to Dumenil (26), nitrogen deficiency showed 
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up even more plainly about tasseling time or later when the 

lower leaves began to fire. Krantz and Melsted (68) stated 

that the lower leaves, which turned yellow at the tip, were 

the first to show the nitrogen deficiency symptoms; subse

quently, the yellowing moved from the mid-rib out toward the 

edges of the leaves. Under severe nitrogen starvation all 

leaves below the ear might die (26, 28). 

In many experiments, it was found that nitrogen applie

ations markedly increased the yield of corn (66, 67, 130). 

Drake (25), using plant tissue analysis at harvest time, found 

that a lack of nitrogen was the major factor limiting the 

yield of corn. Bennet et al (8), as well as Krantz (66), 

found that two pounds (! 0.5) of nitrogen were required 

to produce a bushel of corn. Viets et al (130) observed 

that yields declined 15 bushels per acre for each leaf per 

plant showing nitrogen starvation at silking. 

Although Miles (81), using a three-year rotation on 

irrigated land, reported yield increase in corn from an ap

plication of nitrogen as low as nine pounds, Reichman et al 

(97) obtained substantial corn-yield increases .from 40, 80 

and 120 pounds of nitrogen. Although Rhoades and Lowry (98) 

reported that significant increases of 22 and 30 bushels per 

acre for 40 and 80 pounds of nitrogen, respectively, were ob

tained on irrigated land, Bennet and his co-workers (8) found 

the increases in corn yields from nitrogen at a rate of 80 pounds 

per acre were no greater than to the 40 pound rate. Krantz (66) 

reporting on 49 experiments over a period of five years, found 



that the yield was increased by five or even seven times from 

applications of 120 pounds of nitrogen per acre. Pumphrey and 

Harris (94), working on old rotation plots on irrigated land, 

found increased corn yields of 33, 54, and 71 bushels per acre 

from 40, 80 and 120 pounds of nitrogen per acre, respectively. 

Experiments done by Saxena and Gautam ( 104) indicated that an 

application of approximately 120 pounds of nitrogen with ap

proxi~ttely 66 pounds of P2o5 per acre (original data in metric 

system) was found to be essential for the highest yield. Acc

ording to Hunter and 'Yungen (61), who supplied nitrogen in 50 

pound increments up to 200 pounds per acre, substantial yield 

increases were obtained especially with the first increment of 

nitrogen. 

Willard (13~) plowed down 100 pounds .of nitrogen per 

acre for continuous corn production and increased corn yields by 

84 percent on land yielding 22 bushels per acre without nitrogen. 

According to the experiments of Barber {3), continuous corn 

yields were increased from 49 bushels to 94 bushels per acre 

from the use of 160 pounds of nitrogen per acre on an experi

mental plot that had had no nitrogen applied for 30 years. 

Although Englehorn ~tal (35) obtained the greatest response 

per increment of nitrogen from applications at the rate of 80 

pounds per acre without phosphorus and potassium, they still 

suggested. that corn yields in the old continuous corn experi

ment were increased to high levels With large amounts of n1 t-

regen and moderate levels of phosphorus and potassium, Snider 

(120), citing results obtained in northern Illinois, concluded 



that growing corn continuously for a long period of years was 

possible with adequate annual fertilization, such as 120 

pounds of nitrogen, 85 pounds of phosphorus and. 85 pounds of 

potassium. 

Most of Kxantz•s experiments (66) indicated that a 

nitrogen supply above the 12Q_pound level gave little or no re

sponse even under conditions of fairly good moisture distribution. 

Singleton et al (109) obtained yield increases from applied 

nitrogen right up to 240 pounds per acre. They found that the 

economical maximum, however, was about 160 pounds. Although 

Evans et al (36) obtained yield increases up to 200 pounds of 

nitrogen per acre, they noted that about 100 pounds of nitrogen 

was most economical. Dumenil (26) also suggested that profit

able returns could be obtained from an application of 100 pounds 

of nitrogen per acre. Brensing and Harper (15) obtained similar 

results. They found that, with applications up to 180 pounds 

of nitrogen on irrigated soil, substantial increases in yield 

Vtrere obtained, but found this amount of nitrogen gave the least 

increase over the previous increment. 

The nitrogen concentrations in corn were increased by 

applications of nitrogen fertilizer (8, 39, 43, 67, 130). 

Nitrogen application also resulted in an increased total phos

phorus uptake by plants,and an incre~sed phosphorus percentage 

in the plant ( 8, 37, 64, 67). According to Krantz and Chandler 

( 67), increased phosphorus uptake could be brought about by 

nitrogen application, especially with soils of high phosphorus 

content. Scarseth et al (106) also found that a corn seedling 
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would frequently show a phosp~tte deficiency in its tissues 

even with 600 pounds per acre of 0-12-12 added in the row at 

the side, but would show adequate phosphate where 3-12-12 ~td 

been used. They also found that nitrogen application had a 

direct effect on the protein content of the g~din. Experiments 

of Krantz (66) indicated that the protein content was 5.7 and 

10.4 percent, respectively, for the no nitrogen application 

and the 180 pound nitrogen plots. 

There has been a lack of agreement concerning the effect 

of nitrogen on the potassium level in corn foliage. Although 

Scarseth ~~ a.l ( 106) found that as the ra. te of nitrogen a.p-

plica tion was increased the potassium level became lower, Krantz and 

Chandler ( 67) stated that the application of nitrogen increased 

the percentage of potassium uptake especially on soils which 

were high in this mineral. The early work by Bennett and his 

co-workers (8), in 1953, reported that the percentage of po

tassium in the leaf was significantly decreased by nitrogen 

application. Later work by Bennett et al (7), in 1962, showed 

this to be true in sand. culture, but in soil· the percentage 

of potassium in leaves decreased with the addition of 100 ppm 

nitrogen and then generally increased slightly as n1 trogen 

application was increased. 

Eff~t .. of J2h.~J!h0~5'n corn 

Krantz and Melsted. ( 68) stated that because phosphorus 

was necessary for cell division in growing root and shoot tissue, 

as well as in developing seeds and kernels of grain, phosphorus 
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was essential for all phases of plant development. 

Krantz and Chandler (67), as well as l~nway (50) found 

that the phosphorus content of corn grain and corn leaves was 

not appreciably increased by phosphorus supply, but it was sig-

nificantly affected by the level of soil phosphorus. Krantz 

and Melsted (68) stated that a young plant showing severe 

phosphorus starvation rarely grew out of the deficiency symptom 

and the symptom always carried on until maturity. They also 

said that plants growing on a soil with good phosphorus con

tent would seldom become phosphorus deficient later in the 

growing season. According to Ellis et al (33), the influence 

of phosphorus application was primarily in the early growth 

stages and this reflection largely disappeared by time of 

tasseling in the corn plants. Krantz (66) also found that the 

early vegetative stage of corn responded to phosphoric acid 

application even on soils high in native phosphorus. Investi-

gations by Viets et al (130), as well as Ellis et al (33), 

have shown that phosphorus content of the plant decreased dur-

ing the season. 

Krantz (66), as well as Krantz and r~1elsted (68), found 

that a mild shortage of phosphorus stunted plant growth and a 

more severe lack of phosphorus usually caused purpling or brown-

ing of the lower leaves from the tips of the leaves back. They 

(66, 68) reported that young plants hac1 higher requirements for 

phosphorus than more mature plants and, hence, were more sus-

ceptible to deficiency. Accordingly, they suggested that all 

crops should be tested for phosphorus starvation during the 



.38. 

early growth stages. They (68) stated that imperfect ear 

formation in corn was caused by phosphorus shortage which de

layed silking until most of the pollen had been shed. In gen

eral, symptoms of phosphorus deficiency on corn were irregular 

kernel rows, twisted appearance of the ear, and imperfectly 

developed ear tips (68). Scarseth et al (106) found that 

phosphate deficiency showed first on corn plants growing under 

very deficient nutrient conditions. 

Tyner (129) found that yield increase was doubtful or 

even declining after a phosphorus level of 0.295 percent was 

reached at the sixth-leaf stage. Forsee (41) observed that 

yield responses to super phosphate application were obtained 

up to levels of ap.proximately 8 pounds per acre of water

soluble phosphorus as determined by soil test. He also found 

that plants showed no phosphate deficiency if stem tissue test 

values were in excess of 0.10 percent of this element. Exper

iments done by Krantz (66) indicated that there was a differ

ence at tasseling and silking time between unphosphated and 

phosphated plants, but there was no yield difference. His ex

planation for no yield difference was that plants possibly 

could utilize the native soil phosphorus more effectively to 

make up the shortage in the later stages of growth. Work by 

Nelson et al (85) supported this statement because they found 

that in the early growing stages a high proportion of the phos

phorus absorbed by plants came from the applied fertilizer, but 

in the later stages most of this element came from residual 

soil content, MacGregor (77) obtained corn yield increases of 



39. 

12.2 bushels per acre with 40 pounds of phosphoric acid per 

acre. Rhoades and Lowrey (98) reported that phosphorus fer-

tilizer was occasionally needed for corn production in Nebraska. 

Effect of potassium on corn 

Potassium has been reported to be associated with protein 

activity in plants, and until now has not been recognized as 

a constituent part of any living plant tissue, but its absence 

would induce a loss in straw stiffness and lodging of crops 

(19). According to these authors, because potassium was needed 

in large amounts by most plants for normal growth and because 

young and mature plants needed about the same level of it, de-

ficiency symptoms would show durin~ the whole growing season. 

Tyner (129) suggested that for each rise of 0.1 percent of po-

tassium in the sixth leaf at the bloom stage, corn yields could 

+ increase 2.05 _ 0.93 bushels. 

Because potassium moved readily from one plant part to 

another, deficiency symptoms often occurred on the older leaves 

first (68). According to Krantz and Melsted's reports (68), 

the first potassium deficiency symptoms were the shortening 

of internodes and the dwarfing of plants, as well as a general 

loss of the dark green colour if the shortage was too severe. 

Under a more severe shortage condition a bronze to yellow dis-

coloration along the edges of the older lower leaves occurred. 

Krantz and Melsted (68) stated that symptoms usually showed up 

on the corn ears which remained small and tended to have very 

pointed, poorly developed tips. Because the potassium defi-
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ciency symptoms were very difficult to diagnose by visual methods, 

determination by tissue test was suggested (56, 68, 79). 

Work by Tyner (129) indicated that the critical value of 

potassium was 1.30 percent which was established on a 6.6 per

cent moisture basis. Krantz (66), as well as.Krantz and 

Chandler (67), found that the response to potash, as with phos

phorus, depended largely on the potash level of the soil. Ac

cording to Krantz (66) "Corn responded to potash on soils that 

contained less than 100 pounds per acre of exchangeable potash". 

Krantz and Chandler (67) found that heavy potash application 

slightly increased lodging, but on soils low in potash they 

found that increments of potash above 80 pounds per acre had 

no effect on either yield or lodging even though the leaf potash 

content was increased by applications up to 320 pounds of potash 

per acre. Investigations by Forsee et al (41) have shown that 

corn yield responses to increasing levels of potash in the soil 

occurred up to values as high as approximately 70 pounds of 

potassium per acre as determined by the soil tests. Ellis (33), 

however, stated that soil with less than 200 pounds per acre of 

exchangeable potassium yielded corn leaves with less than 1.3 

percent potassium which was considered a severe potassium defi

ciency. Althou~h Krantz and Chandler (67) reported that the up

take of potash was increased by potash supply up to 320 pounds 

per acre, they noted that this rate of application was not econ

omic since these high rates had no effect on yield. 

According to Forsee (41), the assimilation of P2o
5 

was 

significantly reduced by ~ high level of K20 in the soil. 
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Tjme and placement of fertilizer on corn 

Scarseth et al (106), studying tissue tests and yield --
comparisons, found that where the fertilizer was placed in a 

band on the plow sole there was less fixation of the phosphate 

than where the fertilizer was broadcast and plowed under. They 

found that placing a heavy application of fertilizer near or 

on the surface was not beneficial because the plant could not 

absorb the nutrient in dry seasons and weed growth, which re

duce the corn yields, would be stimulated in moist seasons. 

They also found that fertilizer placed on the plow sole had 

advantages over those broadcast and plowed under 

Rhoades and Lowrey (98), studying six different methods of 

applying solid nitrogen (plow sole, plowing under, listing 

under, planting time, side-dressing and top-dressing}, found 

that side-dressing was equal or superior to the other placements 

in 32 experiments. Krantz (66) however, found that there was 

no significant difference in yield between nitrogen placement 

(plow-sole and side-dressing treatments). 

Experiments by Drake (25) showed that yields were in-

creased several bushels in two out of the three years by placing 

half of the nitrogen under at planting time and applying the 

remainder later as a side-dressing. 



MATERIALS AND METHODS 

Time, Location and Varieties 

During the period January 1967 to March 1969, fertilizer 

trials were carried out in greenhouses with fan-pad cooling 

equipment, Department of Horticulture, University of Saskatchewan. 

There was a total of six trials, including two each for carrots, 

potatoes and sweet corn. The Gold Pak Improved variety was 

used for the first carrot trial while the Red Cored Chantenay 

variety was used for the second carrot trial. The Golden Gem 

variety and Foundation seed stock of the variety Norland were 

used for both sweet corn and potato trials, respectively. 

Containers and Soil Mixture 

Plastic waste baskets (depth 23.2 em, top diameter 

20.4 em, bottom diameter 19.1 em) were used as containers in 

these trials. Each container held approximately 6145 cubic 

centimeters of soil which had an air-dry weight of about 6530 

gms, About 3,000 ml, of H
2

0 were required to initially wet 

to field capacity. 

The soil mixture used for these trials was the ratio of 

1 peat moss: 1 sand: 1 soil, except for the first sweet corn 

trial where the soil was ratio of 2 peat moss: 1 sand: 1 soil. 

- 42 -



43. 

Cultural Practices 

Carrots 

In the first trial, 12 to 15 seeds per pot were sown and 

covered with 1/8 inches of sand on July 7th, 1967. Around 3 

weeks after germination, thinning to 5 good plants was done. 

The carrots were harvested on November 9 and 10, 1967. 

In the second trial, ten seeds per container were sown 

and covered with J/4 inch of the soil mixture on June 13th, 

1968. Thinning to 5 good plants was done on July 12, 1968. 

Harvesting was carried out on October 9, 1968. 

Potatoes 

In the first trial, the potato seed-pieces were planted 

and covered with 2 inches of soil on June Jrd, 1968. The date 

of harvest was August 26 and 27 of the same year. 

In the second trial, one seed tuber was planted and 

covered with 2 inches of soil on December 22, 1968. The 

harvest dates were March 27 and 28, 1969. 

Each seed-piece carried at least two good eyes. Only 

one stem per container was allowed to grow throughout the whole 

growing season. The tops of the potato plants were removed 

by hand about two weeks before harvest. 
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Sweet Corn 

In the first sweet corn trial, five seeds per container 

were planted and covered with one inch of mixed soil in the end 

of January, 1967. Harvest dates were May 2 to 4, 1967. 

In the second sweet corn trial, three seeds per container 

were sown and covered with one inch of mixed soil on February 

6, 1968. They were harvested on May 6, 1968. 

One plant with side shoots removed was retained per con-

tainer. 

With all crops, tap water was applied to the containers 

throughout the growing periods in amounts sufficient to keep 

the soil reasonably moist without causing drainage with its 

consequential loss of fertilizers, especially nitrates. 

Soil Analysis 

An initial soil nutrient level was determined prior to 

any fertilizer application. A second nutrient soil sample 

was taken from each container during the harvest. These samples 

were used to analyze and indicate the trend of the nutrient 

usage by the plants, 

All soil analyses were done by the Saskatchewan Soil 

Testing Laboratory, Department of Soil Science, University of 

Saskatchewan. The methods used by them were as follows: 

Electrical conductivity: It is expressed in mmhos/cm 

by measuring on the 1:1 soil: 

water suspension using a Radio

meter conductivity meter type 

CDM2. 
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pH: The pH is determined on the 1:1 soil: water 

suspension using a Radiometer Model 28 pH Meter. 

Nitrate-Nitrogen: Phenoldisulfonic acid colorimetric 

method is used. Read color intensity 

on a Spectronic 20 colorimeter at 

415 m,u wavelength using a Celvac 

TVC 15 Flow Thru Cuvette. 

Available phosphorus: Olsen's NaHco
3 

Method is used. 

Read color intensity on a Spectronic 

20 colorimeter at 660 mu using a 
/ 

Celvac TVC 15 Flow Thru Cuvette. 

Exchangeable Potassium: Ammonium acetate extracting 

solution is used. Determine con-

centration of exchangeable potassium 

on the IL Model 143 Flame Photometer. 

Design 

The design of the trials was set up according to a 

factorial randomized block design. The lay-out of the exper

iment was a 3 x 3 x 3 design, except the second potato trial, 

arranged as a randomized block of the twenty-seven treatments 

with three replications, and the mixtures of fertilizers 

applied were in all the possible treatment-combinations. The 

lay-out of the second potato experiment was a 4 x 3 design, 

arranged as a randomized block of the twelve treatments with 

seven replications, and the mixtures of fertilizers applied 



46. 

were also in all the possible treatment combinations. All pos

sible combinations of the fertilizer levels were included in 

one replicate and the treatments were arranged in a random 

manner within each replicate. In this type of design the ef~ 

feet of each single factor could be determined by statistical 

methods, 

Fertilizer Treatments 

Three fertilizers were used, nitrogen as ammonium ni-

trate (33.5 percent of nitrogen), phosphorus as triple super

phosphate (45 percent of P2o5), and potassium as potassium 

chloride (60 percent of K2o). In the second potato trial only 

nitrogen and phosphorus were used. Original soil analyses 

(Appendix A) were adjusted to the levels as shown in Table 1. 

The fertilizers were thoroughly mixed with the soil by hand 

before planting. 

The various treatments are listed in Table 1. 

Data Collection 

Watering record, date of germination, plant height 

(starting after the first true leaf was well developed) once 

per week, and nutrient deficiency symptoms were noted. 

The following measurements were taken according to 

specific crops. 
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Table 1: Adjusted fertility level (lb/a) for the 

experiments with carrots, potatoes and sweet corn. 

Crops Treatment 

and 

trial N* p 0 ** 
2 5 

K 0** 
2 

1 2 ~ 4 1 2 3 1 2 3 

Carrot 
(First) 60 120 180 19 44 69 0 115 230 

Carrot 
(Second) 100 200 300 50 100 150 50 75 100 

Potato 
(First) 100 250 400 50 100 150 50 75 100 

Potato 
(Second) 150 200 250 300 25 .50 100 

Sweet Corn 
(First) 40 80 120 25 56 86 0 116 232 

Sweet Corn 
(Second) 100 200 300 100 200 300 50 75 100 

* All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount 

of nitrogen applied. 

** The values listed for phosphate and potash are for the 

applied amounts only, 
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Carrots 

1. Total fresh weight of plant, 

2. Fresh top weight, 

3. Air-dried weight of top, 

4. Highest point of plant (second trial only), 

5. Fresh root weight, 

6. Oven-dried weight of root, 

7. Length of root, and 

8. Diameter of root. 

Potatoes 

1. Total fresh weight of plant, 

2. Fresh top weight, 

3. Air-dried weight of top, 

4. Highest point of plant, 

5. Height of plant at flowering, 

6. Time of bottom leaves turning yellow, 

7. Fresh tuber weight, 

8. Oven-dried weight of tuber, 

9. Polar diameter of tuber, 

10·. Equatorial. diameter of tuber, 

11. Percentage dried matter of tuber, and 

12. Air-dried weight of root. 



Sweet corn 

1. Total fresh weight of plant, 

2. Fresh top weight, 

3. Air-dried weight of top, 

4. Number of days to silking, 

5• Number of days to tasseling, 

6. Tassel length, 

7. Height of plant at tasseling, 

8. Height to base of ear, 

9. Highest point of plant, 

10. Fresh weight of ear unhusked, 

11. Fresh weight of ear husked, 

12. Air-dried weight of ear husked, 

13. Ear length, 

14. Ear diameter, 

15. Cob diameter, 

16. Number of rows of kernel, 

17. Number of kerne~ per ear, and 

18. Air-dried weight of root. 

Analysis of Data 

49. 

The initial analysis of variance (Anova 1 program) of 

all collected data was done by the University Computer Center. 

Duncan's multiple range test (122) of significance was used 

only where the variance ratio was significant at the 1- or 

5- percent level. 



RESULTS AND DISCUSSION 

Carrot 

Summaries of the average results for carrots are present 

in Appendix B, Tables 1 and 2. The summaries of significance 

from the analysis of variance studies with the data of the 

carrot trials are present in Tables 2 and J. 

From Tables 2 and J, it is obvious that nitrogen gave 

greater effects than phosphate and potash. Nitrogen had a 

highly significant effect on the total fresh weight of plants, 

the fresh weight of tops, and the air-dried weight of the tops 

in both years, while it was only significantly eff~ctive on 

the fresh weight of roots in the second experiment. The high

est point of the plant was significantly affected (1-percent 

level) in the only year it was tested (Table J). Nitrogen had 

also a highly significant effect on the length of the roots in 

the second experiment only. Phosphate a.ffected the total fresh 

weight of plant significantly at the 1-percent level in the 

first trial, and at the 5-percent level in the second trial. 

Phosphate was also significantly effective on the fresh weights 

of tops and roots in the first trial,but not the second trial 

and on the highest point of the plants in the one year it was 

measured. The oven-dried weight of roots was affected very 

significantly by phosphate application. There were no potash 

effects shown in these experiments. Only the nitrogen x potash 

interaction was significant for fresh weight and air-dried 

- 50 -



Table 2: Summary of significance from analysis of variance 

studies with the data of the First Carrot Trial. 

Characters Treatment 

N P205 K
2

0 NxP205 NxK20 P2o
5

xK
2

0 NxP2o5xK
2

0 

Total fresh 
weight of 
plant ** ** NS NS NS NS NS 

Fresh weight 
of top ** * NS NS * NS NS 

Air-dried 
weight of 
top ** NS NS NS * NS NS 

Fresh weight 
of root * * NS NS NS NS NS 

Length of 
root NS NS NS NS NS NS NS 

Diameter of 
root NS NS NS NS NS NS NS 

** Significantly different at 1-percent level of probability, \..1\ 
1-' . 

* Significantly different at 5-percent level of probability, 

NS No significant difference 



Table 3: Summary of significance from analysis of variance 

studies with the data of the Second Carrot Trial. 

Characters Treatment 

N P205 K 0 NxP2o
5 

NxK20 
2 

Total fresh 
weight of 
plants ** * NS NS NS 

Fresh weight 
of tops ** NS NS NS NS 

Air-dried 
weight of 
tops ** NS NS NS NS 

Highest point 
of plants ** * NS NS NS 

Fresh weight 
of root NS NS NS NS NS 

Oven-dried 
weight of 
root * ** NS NS NS 

Length of 
root ** NS NS NS NS 

Diameter of 
root NS NS NS NS NS 

** Significantly different at 1-percent level of probability. 
* Significantly different at 5-percent level of probability. 

NS No si~ificant difference. 

P
2
o

5
xK

2
0 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NxP20 xK 0 
5 2 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
\..}'\ 
l\) 



weight of the tops in the first trial. 

Total fresh weight of plant 

There were very significant increases (1-percent level} 

with the first increment of nitrogen addition in the two ex

periments (Table 4). Although the second increment of nitro

gen in the first experiment did not give a significant increase 

over the 120-pound rate, there was a highly significant in

crease (1-percent level) over the 60-pound rate. Considering 

the two results, it indicated that the total fresh weight 

tended to be increased with increasing nitrogen levels up to 

200 pounds per acre and then declined (300-pound rate not 

significant over 100-pound rate). 

Phosphate affected the total fresh weight of plants 

(Table 4). The weight was significantly increased (1-percent 

level) with phosphate application up to the rate of 44 pounds 

per acre and then declined in the first trial. Although there 

was no significant decrease above the 44-pound rate, there 

was still highly significant difference (1-percent level) 

between two extreme treatments in the first trial. There were 

increases in the total fresh weight of plants up to the rate 

of 150 pounds per acre in the second trial, but the differences 

between the individual increments were not significant. There 

was a significant difference (5-percent level} between the two 

extreme treatments in the second trial. Considering the two 

results, it indicated that phosphate affected the total fresh 

weight of plant up to the 44-pound rate in the first trial. 



Table 4: The effects of nitrogen and phosphate on the total weight of carrots in grams. 

Fertilizer Experimental levels of nitrogen and phosphate (lb/a). 

and trial 19 44 50 60 69 100 120 150 180 200 300 

Nitrogen effect 23.40 26.76 27.75 
(First trial) ** 

** --·--·-·-

Nitrogen -effect 50.36 57.36 54.00 
(Second trial) ** 

Phosphate 23.86 27.43 26.62 
effect ** 
(First trial) ** 

Phosphate 51.20 53.95 56.57 
effect ** 
(Second trial) 

** and * indicate significant difference between pairs of treatments at the 1-

and 5-percent level, respectively. 

V\ 
+=-. 
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Although the Red Cored Chantenay variety produced larger plants 

than the Gold Pak Improved variety, the results would suggest 

that high levels of phosphate were not necessary. 

There were no potash and interaction effects shown. 

Fresh weight of top 

The trend of nitrogen effect on the fresh weight of ~6~~J~r 5 ) 

was almost the same as that for the fresh total weight of plants 

(Table 4). Although there was no significant difference be

tween the 200- and 300- pound treatments, the increases of 

fresh weight of tops were continued up to the rate of 300 

pounds per acre in the second trial. In the first experiment, 

there w~e significant increases (1-percent level) between the 

60- and 120-pound treatments. There was an insignificant in

crease between the 120- and 180-pounds per acre, but this was 

not enough to effect the significance (1-percent level) between 

the 60- and 180-pounds per acre. From these experiments. 

it was indicated that nitrogen tended to increase the fresh 

weight of tops up to the rate of 300 pounds per acre. but no 

significance occurred above the 200-pound rate. 

The fresh weight of tops was significantly increased up 

to the 44-pound phosphate treatment and then slightly increased 

in the first trial (Table 6). There were no significant differ

ences as further phosphate additions were made in the second 

trial. These results indicated that high ratesof phosphate 



Table 5: The effect of nitrogen on the weight of top of carrots in gram$. 

Trial Experimental levels of nitrogen (lb/a). 

60 100 120 180 200 300 

Fresh weight of top 
(First trial) 6.57 8.37 8.63 

** 
** 

Fresh weight of top 
(Second trial) 8.69 12.12 12.60 

*"E-
** 

Air-dried weight of top 
(First trial) 1.17 1.42 1.41 

** 
** --

Air-dried weight of top 1.52 1.99 1.97 
(Second trial) ** 

** 

** Indicates significant difference between pairs of treatments at the 1-percent level. 

\J\ 
0"\ . 
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Table 6: The effect of phosphate on the fresh weight of 

top of carrots in grams. 

Trial Experimental levels of phosphate (lb/a). 

19 44 50 69 100 150 

First trial 7.40 8.16 8,J8 
* 

* 

Second trial 11.58 10.81 11.04 

* Indicates significant difference between pairs of 

treatments at the 5-percent level, 



::;o, 

caused no significant response in fresh yields of tops which 

agreed with findings of Woodman and Johnson (132), 

There was a significant (5-percent level) nitrogen and 

potash interaction effect on the fresh weight of tops in the 

first trial, but a study of interaction indicated that the 

effects were not consistent. A close study of this inter

action (Table 7) showed that potash addition induced a de

crease in the fresh 'Vveight of tops at the low and medium levels 

of nitrogen (phosphate level low). On the other hand, the 

fresh weight of tops was increased by nitrogen addition at the 

medium potash level (low phosphate level), as well as various 

levels of phosphate with a high level of potash. 

There were no potash and other interaction effects 

shown. 

Air-dried weight of top 

In the first trial, the air-dried weight of tops was 

significantly increased (1-percent level) with nitrogen appli

cation up to the rate of 120-pound per acre and then slightly 

decreased (Table 5). The insignificant decrease was not. 

enough to effect the significance (1-percent leveD between 

6o and 180 pounds per acre. rrhe same trend happened in the 

second experiment. 1rhe air-dried weight of the top was sig

nificantly increased (1-percent level) with nitrogen applica

tion up to the rate of 200 pounds per acre. Although an 

insignificant decrease in weight occurred at the rate of 300 

pounds per acre, there was still a significant difference 
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Table 7: A close study of nitrogen x potash interaction effect-::· 

on the fresh weight (gms) of tops of the first carrot trial. 

NlPlKl 6.60 

1 
N 1P2Kl 5.93 NlP j\1 5.20 

NlPlK2 6.46 N1Pi£C2 7.63 NlP:f2 7.97 

NlP1K3 6.20 N 1P2K3 6.00 NlP~3 7.10 

N2P1Kl 8.20 

l 
N#2K1 8.43 N2PY{1 9.43 

N2P1K2 7.77 N2P2K2 9.60 N2P :f2 10.13 

N2P1K3 7.67 N2P2K3 8.83 N 2p :f3 8.53 

N:flKl 7.20 N :f2Kl 7.67 N:f3Kl 9.00 

N 3P1K2 8.27 N 3P2K2 11.00 N Y3K2 8.00 

N3P1K3 8.20 N 3P2K3 9.00 Ny 3K3 10.05 

N1P1K1 6.60 N1P2Kl 5.93 N1PJKl 5.20 

N2P1K1 8.20 N2P2Kl 8.43 N2P3K1 9.43 

N 3P1Kl 7.20 N 3P2Kl 8.30 N3P3Kl 9.00 

NlPlK2 6.46 

1 
N1P2K2 7.63 NlP3K2 7.97 

N2PlK2 7-77 N2P2K2 9.60 N2P3K2 10.13 

N3PlK2 8.27 N 3P2K2 7.67 N JP3K2 8.00 

NlPlK3 6.20 

1 
NlP2K3 6.00 

1 
NlP3K3 7.10 

j N2P1K3 7.67 N2P2K3 8.83 N2P3K3 8•53 

N3P1K3 8.20 N3P2K3 11.00 N3P3K3 10.05 

* 5-percent level of significance. 
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(1-percent level) between 100 and 300 pounds per acre. 

Although Woodman and Johnson (137) reported that nitrogen 

increased the dry matter of tops, the results of these ex

periments would suggest that this only occurred up to about 

200 pounds per acre. 

There was a significant (5-percent level) nitrogen 

and potash interaction effect (Table 2) in the first trial. 

In a close study of this intere.ction (Table 8), two groups

showed a decrease and one group showed an increase in weight 

of tops when various potash levels were added, but no trend 

was established. When varying levels of nitrogen were studied, 

however, a definite trend for increased weight of tops with 

increased levels of nitrogen was shown with high potash levels 

(all levels of phosphate). 

There were no other significant effects shown in this 

study. 

Highest point of plant 

The record of the highest point of plant was taken in 

the second carrot trial only. Plants were significantly 

taller (1-percent level) as a result of nitrogen application 

(Table 9). The plants on the 200-pound treatment were 

significantly taller (1-percent level) than the 100-pound 

treatment. The 300-pound treatment only slightly increased 

the height of the plants. These results indicated that

nitrogen could affect the height of plants up to the rate of 

at least 200 pounds per acre. These results are in agreement 



Table 8: A close study of nitrogen x potash interaction 

effect-:~ on the air-dried weight (gms) of tops of 

first carrot trial 

N1P1Kl 1.30 I N1P2Kl 1.20 N1P3K1 1.07 

N1PlK2 1.27 NlP2K2 1.17 N1P3K2 1.43 

N1P1K3 1.13 N1P2K3 1.33 N1P3K3 1.07 

N2P1K1 1.37 N2P2Kl 1.63 N2P3K1 1.70 I 
N2P1K2 1.23 N2P2K2 1.40 N2P3K2 1.44 

N2PlK3 1.27 N2P2KJ 1.47 N2P3K3 1.27 

NflK1 1.30 N 3P2K1 1.33 N3Pj(1 1.47 

Nf1K2 1.27 N :f2K2 1.33 N:f]K2 1.40 

N:f 1K3 1.40 N~~3 1.53 N:fJK3 1.67 

N1P1K1 1.30 N1P2K1 1.20 N1P3K1 1.07 

N2P1Kl 1.37 N2P2K1 1.63 N2P3K1 1.70 

N3P1K1 1.30 N3P2K1 1.33 N3P3K3 1.47 

N1P1K2 1.27 NlP2K2 1.17 N1PJC2 1.43 

N2PlK2 1.23 N2P2K2 1.40 N2P3K2 1.44 

Nj>1K2 1.27 Nj>2K2 1.33 N3P3K2 1.40 

N1P1K3 1.1)1 N1P2K3 1.331 N1P2K3 1.07 

N2P1K3 1.27 N2P2K3 1.47 N2P3K3 1.27 

NJPlK2 1.40 NJP2KJ 1.53 N3P3K3 1.67 

~~ 5-percent level of significance. 

61. 



Table 9: The effect of nitrogen and phosphate on the 

highest point of plant of the second carrot 

trial in centimeters. 

62. 

Fertilizer Experimental levels of nitrogen and phosphate (lb/a) 

50 100 150 200 300 

Effect of 45.64 
** 

50.26 51.08 

nitrogen ** 

Effect of 

phosphate 51.03 48.09 47.86 
* 

* 

** and * indicate significant difference between pairs of 

treatments at the 1- and 5-percent level, 

respectively. 



with previously reported work (24, 86). 

The highest point of plants was decreased with 

phosphate addition (Table 9). There was a significant 

(5-percent level) decrease between the 50- and 100-pound 

treatments. Although not significant, the height cntinued 

to decrease up to the 150-pound treatment. From these 

results, it indicated that high rates of phosphate reduced 

the top growth. 

Except for the nitrogen and phosphate effects, there 

were no other significant effects on height of plant. 

Fresh weight of root 

It is apparent (Table 10) that nitrogen had only a 

slight effect on the fresh weight of roots. None of the 

t·reatments were significantly different from the next level, 

but there was a significant increase (5~percent level only) 

between the two extremes (60 and 180) in the first experiment. 

It is obvious that phosphate also had little effect on 

the fresh weight of roots at the higher level (Table 10). There 

were no significant differences between the treatments in the 

second trial, but there was a significant increase (5-percent 

levei) in the first increment of the first trial. The fresh 

weight of roots was slightly decreased from the 44-pound to 

60-pound treatment. The results indicated that phosphate only 

affected the fresh weight of root at low application rates. 

Potash and interaction effects were not shown in this 

study. 



Table 10: The effect of nitrogen and phosphate on the fresh weight of root of 

carrots in grams. 

Fertilizer Experimental levels of nitrogen and phosphate (lb/a). 

19 44 50 60 69 100 120 150 180 200 300 

Nitrogen 16.83 18.03 19.12 
effect * (First trial) 

Nitrogen 41.67 45.23 41.39 
effect 
(Second trial) 

Phosphate 16.46 19.27 18.24 
effect * (First trial) 

Phosphate 11.58 10.81 11.04 
effect 
(Second trial) 

* Indicates significant difference between pairs of treatments at the 5-percent level. 

0\ 
~ 



Oven-dried weight of root 

In the first trial, the record of the dried weight 

of roots was not taken, because those roots were sprouting 

during air-drying. Accordingly, there was no comparison. 

In the second trial, there was no apparent effect on the weight 

of oven-dried roots up to 200-pound rate (Table 11). Nitrogen 

at 300 pounds per acre, however, resulted in a significant 

(5-percent level) decrease in the dried weight of roots. 

In these experiments, the results indicated that the 

high nitrogen rate (300 pounds per acre) not only did not 

increase the fresh weight of the roots,but also significantly 

decreased the dry matter of them {Table 12). The results 

agreed with the findings of Woodman and Johnson (137) who 

found that carrots on high nitrogen treatments had a greater 

water content. 

The oven-dried weight of roots was increased with 

phosphate supply. There were highly significant increases 

(1-percent level) between the 50- and 100-pound treatments 

(Table 11). The results indicated that phosphate increased 

yields which was in keeping with the findings of previous 

work (44). 

There were no other effects indicated in this study. 

Length of root 

There were only nitrogen effects on the length of 

roots shown in the second experiment (Table 13). The 
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Table 11: The effect of nitrogen and phosphate on the 

oven-dried weight (gms) of root of the second 

carrot trial 

Fertilizer 

Effect of 

nitrogen 

Effect of 

phosphate 

Experimental levels of nitrogen and phosphate (lb/a) 

50 100 150 200 300 

4.85 4.86 4.38 
* 

* 

4.25 4.84 5.00 
** 

** 

** and * indicate significant difference between pairs of 

treatments at the 1- and 5-percent level, respectively. 



Table 12: The effect of nitrogen on the weight (gms) of 

root of the second carrot trial. 

67. 

Weight Experimental levels of Nitrogen (lb/a) 

Fresh weight of 

roots (g) 

Oven-dried weight 

of roots (g) 

• Percentage of water 

content (on fresh weight 

base) 

100 200 300 

41.67 45.23 41.39 

4.85 4.86 4.38 
* 

* 

88.36 89.25 89.42 

* Indicates significant difference between pairs of treatments 

at the 5-percent level. 

• No statistic analysis carried out in this column. 
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Table 13: The effect of nitrogen on the length of root 

Trial 

First trial 

Second 
trial 

of carrot trials in centimeters. 

Experimental levels of nitrogen (lb/a), 

6o 100 120 180 200 300 

11.93 12.21 12.43 

11.12 10.57 9.46 
** 

** 

** indicate significant difference between pairs of treatments 

at the 1-percent level. 



length of the roots was decreased with nitrogen addition. 

Although there was no significant decrease in the first 

increment, there was a significant (1-percent level) decrease 

in the next increment. The results indicated that the Red 

Cored Chantenay variety produced shorter roots when the 

higher rates of nitrogen were used in the second trial. 

There were no other effects on the length of roots in 

this experiment. 

Diameter of root 

There were no significant effects shown in this study. 

From studies of the element effects on the length and 

diameter of roots, the results indicated that the high rate of 

nitrogen did not significantly affect diameter or length with 

Gold Pak Improved, but a decrease in root length and no effect 

on diameter occurred with Red Cored Chantenay. These findings 

did not agree .with the previous work of Dhesi et al (24) and 

Miller et al (82) found that the application of fertilizer 

significantly increased the length and diameter of the roots. 

Date of germination 

The results showed that nutrient application did not 

affect the date of germination. 

Usage of fertilizers 

The results indicated that the nitrogen usage by the 

carrots increased with increases of the nitrogen level up 

to the rate of at least 300 pounds per acre, and there 
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were highly significant differences (1-percent level) be

tween treatments in both experiments (Table 14). It should 

be noted that no consideration was taken of possible nitrogen 

transformation in the soil. 

During the latter part of this study, Dr. E.H. Halstead 

of the Department of Soil Science suggested that the only 

certain method of determining the usage of phosphate and 

potash was by plant analysis. Unfortunately, plant analyses 

were not planned for these experiments and accordingly, no 

statistical analyses of the phosphate and potash soil levels 

at the end of the experiments (Appendix C, Tables 1 and 2) 

were carried out. 

Potatoes 

The summaries of the average results for potatoes are 

shown in Appendix B, Tables 3 and 4. The summaries of signifi

cance from the analyses of variance studies with the data of the 

potato experiments are present in Tables 15 and 16. 

Although the significant effects of the fertilizers will 

be discussed more fully later, nitrogen significantly affected 

the following: the fresh weight of top, the air-dried weight 

of top, the height of plant at flowering, the highest point 

of plant, the fresh weight of tubers, oven-dried wei8ht of 

tuber, the total number of tubers, the tuber number down to 

0.75 inch polar diameter and air-dried weight of roots. 

Phosphate application significantly affected the following: 

the fresh weight of top, the air-dried weight of top, the 
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Table 14: The usage of nitrogen as affected by increasing 

levels of available nitrogen on carrots. 

Trial Experimental levels of nitrogen (lb/a). 

6o 1oo 120 1so 2oo Joo 

First trial 59 117 162 
* 

** 
** 

S-econd trial 99 193 254 
** 

** 
** 

** and {~ indicates significant difference between pairs of 

treatments at the 1- and 5-percent 1eve~ respectively. 



Table 15: Summary of significance from analysis of variance studies with the data of 

the first potato trial. 

Characters 

N P205 

Fresh weight of top *~~ * 

Air-dried weight of top ** * 

Height of plant at flowering ** ~~ 

The highest point of plant *~~ NS 

Fresh weight of tubers ** NS 

Oven-dried weight of tubers ** NS 

Total numbers of tubers ~H~ NS 

-----------------------

Treatment 

K 0 
2 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NxP
2

0 NxK 0 
~ 5 2 

* NS 

NS NS 

* NS 

NS NS 

NS NS 

NS NS 

~~* NS 

P2o
5

xK
2

0 NxP
2
o
5

xK
2

0 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

NS NS 

~ 
l\) . 



Table 15a Summary of significance from analysis of variance stdies with the data of 

the first potato trial (continued). 

Characters Treatment 

N P205 K 0 NxP
2
o

5 
NxK 0 P

2
0 xK 0 NxP 0 xK

2
0 

2 2 5 2 2 5 

Average polar diameter of 
tubers(down to 0.75") NS NS NS NS NS NS NS 

Average equatorial 
diameter of tubers NS NS ** NS NS NS NS 

Percentage of dry matter 
content of tubers NS NS NS NS NS NS NS 

Air-dried weight of root ** NS NS NS NS NS NS 

** Indicates significant difference at the 1-percent level of probability. 

* Indicates significant difference at the 5-percent level of probability. 

NS Indicates no significant difference, 

......J 
\,;.) 
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Table 16: Summary of significance from analysis of variance 

studies with the data of the second potato trial. 

Characters Treatment 

N 

Air-dried weight of top ** * NS 

Height of plant at flowering ** NS NS 

The highest point of plant ** NS NS 

Fresh weight of tubers ** * NS 

Oven-dried weight of tubers ** NS NS 

Total number of tubers * NS NS 

Tuber number down to 0.75" polar 
diameter i~ * NS 

Average polar diameter of tubers, 
(down to 0.75") NS NS NS 

Average equatorial diameter of 
tubers NS NS NS 

Percentage of dry matter content 
of tubers NS NS NS 



Table 16: Summary of significance from analysis of variance 

studies with the data of the second potato trial (continued). 

Characters 

Air-dried weight of root 

Days needed for flowering after 
planting 

N 

NS 

NS 

Treatment 

P2 0 
5· 

NS 

NS 

NS 

NS 

** Indicates significant difference at the 1-percent level 

of probability. 

* Indicates significant difference at the 5-percent level 

of probability. 

NS Indicates no significant difference. 
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height of plant at flowering, the fresh weight of tuber and 

the tuber number down to 0.75 inch polar diameter. In the one 

year that potash was tested there was only a significant 

effect on the average equatorial diameter of tuber. There 

were only the significant interaction effects of nitrogen x 

phosphate on the fresh weight of top and the total number of 

tubers. 

Fresh weight of top 

In the second trial, the record of the fresh weight of 

tops was not taken because the leaves dri'ed out before 

harvest. The fresh weight of tops in the first experiment, 

however, vary significantly (1-percent level) by nitrogen 

levels up to 400-pound rate (Table 17). There were highly 

significant differences (1-percent level) between treatments. 

The results indicated that the weight of top growth was in

creased with nitrogen levels at least up to the 400 pounds 

per acre rate. 

Fresh weight of tops was significantly (5-percent level) 

increased (Table 18) between the 50- and 100- pound phosphate 

treatments. Although there was a slight decrease between 

100 and 150 pounds per acre, this was not enough to affect 

the significance (5-percent level) between 50 and 150 pounds 

per acre. The results from these experiments indicated 

that phosphate had only a slight effect on the fresh weight 

of top. 

There was a significant (5-percent level) nitrogen x 

phosphate interaction effect on the fresh weight of tops in 



Table 17: The effect of nigrogen on the weight of top growth of potato trials in grams. 

Weight and trial Experimental levels of nitrogen (lb/a) 

100 150 200 250 JOO 400 

Fresh weight of tops 86.15 163.93 196.)0 
(First trial) ** 

** 
~H} 

Air-dried weight of 7.88 14.87 18.35 
tops (First trial) ** 

** 
** 

Air-dried weight of 7.99 9.71 10.55 12.67 
tops (Second trial) ** ** 

** 
** 

** Indicates significant difference between pairs of treatments at the 1-percent level. 
-..J 

'""" 



78. 

Table 18: The effect of phosphate on the weight 

of top growth of potato trials in grams. 

Weight and trial Experimental levels of phosphate (lb/a). 

25 50 100 150 

Fresh weight 
(First trial) 139.15 155.56 151.67 

* 
* 

Air-dried weight 
(First trial) 12.85 14.25 14.00 

* 
* 

Air-dried weight 
{Second trial) 9.40 10.74 10.41 

* 

* indicates significant difference between pairs of treatments 

at the 5-percent level. 
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the first trial. In a close study of this interaction (Table 

19), three groups showed an increase and one group showed a 

decrease in weight of tops when varying amounts of phosphate 

were added, but no definite trend was established. When vary

ing levels of nitrogen were.studied, however, a definite trend 

for increased weight of tops with increased levels of nitrogen 

was found with all levels of phosphate and potash. 

Except for the above effects, there were no other sig

nificant effects shown in this experiment. 

Air-dried weight of top 

The trend of nitrogen effect on the air-dried weight of 

tops was the same as that for the fresh weight of tops in the 

first experiment (Table 17). Except fOr t~e second increment 

of the second trial, there were highly significant differences 

(1-percent level) between tr~ments in both trials. The re

sults indicated that nitrogen significantly increased the air

dried weight of tops at least up to the 400-pound rate. 

There were significant increases (5-percent level) with 

the first increment of phosphate addition in two experiments 

(Table 18). Although the second increment of phosphate in 

the first trial did not give a significant decrease over the 

100-pound rate, there was a significant (5-percent level) in

crease over thy 50-pound rate. There is no apparent explanation 

why the plants responded differently to the 50- and 100-pound 

treatments in the two trials. Considering the two results, it 

indicated that the air-dried weight of tops tended to be increased 
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Table 19: The interaction effect*of nitrogen x phosphate 
( p::ms) 

on the fresh weigh~;of tops of the first potato trial. 

N1P1K1 104 

r 
N1P1K2 93 NlP1K3 84 

N1P2K1 93 NlP2K2 74 NlP2K3 85 

N1P3Kl 76 N1P3K2 84 N1P3K3 82 

N2P1K1 141 N2P1K2 138 N2P1 K3 
152 j 

N2P2K1 181 N2P2K2 187 N2P2K3 168• 

N2P3K1 164 N2P3K2 170 N2P3K3 175 

N3P1Kl 169 

1 
N3P1 K2 203 

l 
NJPl KJ 168 

N3P2K1 196 N3P2K2 205 N3P2K3 210 

N3P3K1 204 N3P3K2 213 NJPJKJ 197 

N1 P1 K1 104 

j 
N1 P1 K2 93 

j 
N1 p1 K3 

84 j 
N2P1 K1 141 N2P1~ 138 N2P1 KJ 152 

N3P1 Kl 169 N3P1~ 203 N3P1~ 168 

N1 P2K1 93 

j 
N1 P2I\2 74 

j N:l_ P2 K3 
85 l 

N2 P2 KJ_ 181 N2P2K2 187 N2 p2 K3 168 

NjP2 K1 196 N3P2K2 205 N3P2K3 210 

N1P3K1 76 

j 
N1 PJK2 84 

j 
N_t PJ KJ 82 

N2P3~ 164 N2 :FJK2 170 N2P3K3 175 

N3P3Kl 204 N3P3 K2 213 N3P3 K3. 197 

* 5-percent level of significance. 
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with increasing phosphate levels up to the 100 pounds per acre. 

There were no potash and interaction effects shown. 

In the first trial, the height of plant at flowering 

was highly significantly increased (1-percent level) with ni

trogen supply up to 250 pounds per acre and then levelled off 

(Table 20). There was still a significant difference (1-

percent level) between the 100- and 400- pound treatments. 

There were increases in the height of plant at flowering up to 

the rate of 300 pounds per acre in the second trial, but the 

differences between the individual increments were not sig

nificant (Table 20). There were significant differences 

(1-percent level) between the two extreme treatments and 

any pair of treatments with a double increment. A comparison 

of the results indicated that nitrogen could increase the 

height·of plant at flowering up to the 250 pounds per acre rate. 

The height of plant at flowering was significantly in

creased (5-percent level) by phosphate addition up to the 

100-pound rate and then significantly decreased (5-percent level) 

in the first trial. The height of the 150-pound treatment was 

lower than that of the 50-pound treatment. There were no sig-. 

nificant differences between treatments in the second trial. 

There is no apparent explanation for the difference in the two 

trials, but a decline in height could be expected above 100 

pounds per acre. 

There was a significant nitrogen x phosphate interaction 



Table 20: The effect of nitrogen and phosphate on the height of plant at flowering 

Fertilizer and 

trial 

Nitrogen effect 
(First trial) 

Nitrogen effect 
(Second trial) 

Phosphate effect 
(First trial) 

Phosphate effect 
(Second trial) 

25 

54.61 

of potato trials in centimeters. 

Experimental levels of nitrogen and phosphate (lb/a). 

50 100 150 200 250 300 400 

56.31 ?0. 04 70.04 
** 

** 

50.46 53.55 55.51 57.20 
** 

** 
* 

64.35 68.57 63.49 
* * -

54.30 53.62 

** and * Indicate significant difference between pairs of treatments at the 1- and 5-

percent level
1
respectively. 

co 
l\.) . 



8). 

effect (Table 15) at the 5-percent level in the ~st trial. 

A close study of this interaction (Table 21) indicated that 

one group showed a decrease and two groups showed an increase 

in height of plant at flowering when varying amounts of phos

phate were added, but no definite trend was found. When varying 

levels of nitrogen were studied, however, the height of plant 

at flowering was increased with nitrogen addition at the low 

and high level of phosphate (all levels of potash) and at the 

medium level of phosphate (high potash level). 

The highest point of plant 

In the first trial, the highest point of the plant was 

increased very significantly (1-percent level) by nitrogen 

application up to the 250-pound level and then only slightly 

increased (for higher levels) (Table 22). Although the sec

ond increment of nitrogen in the second trial did not give a 

significant increase over the 200-pound rate, there were highly 

significant differences (1-percent level) as a result of the 

first and third increments There were also highly signif

icant differences (1-percent levels) between any pair of 

treatments with a double increment. These results indicated 

that nitrogen could significantly affect the height of plants 

up to at least the 250-pound rate. This finding is in agree

ment with the previous work by Benepal (5) who reported 

a progressive increase in the height of plant with successive 

increments of nitrogen. 

Except for the nitrogen effect, there were no other 
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Table 21: The interaction effect*of nitrogen x phosphate 

on the height of plant at flowering of the 

first potato trial in centimeters. 

Nl pl Kl 66.6 

r 
Nl pl K2 60.1 N1 P1K3 47.6 

Nl P2Kl 62.3 NlP2K2 54.1 N1 P2K3 57.2 

N1 P3K1 53.4 N1 P3K2 55.3 N1P3K3 50.2 

N2P1Kl 66.6 N2Pl K2 67.0 N2P1 K3 65.·4 

N2P2Kl 78.0 N2P2K2 85.6 N2P2K3 69.4 

N2P3K1 61.2 N2P3K2 69.9 N2P3K3 67.3 

N3P1K1 67.1 

1 
N3P1 K2 69.1 

[ 
N3P1 K3 69.7 

N3P2K1 67.8 N3P2K2 70.6 N3P2K3 72.1 

N3P3K1 69.8 N3P3K2 74.0 N3P3K3 70.3 

N1 p1 Kl 
66.6 l N1 p1 K2 60.1 

1 
N1P1K3 47.6 [ 

N2P1K1 66.6 N2P1K2 67.0 N2P1K3 65.4 

N3P1K1 67.1 N3P1K2 69.1 N3P1K3 69.7 

N1P2K1 62.3 N1P2K2 54.1 N1P2K3 57.2 j 
N2P2Kl 78.0 N2P2K2 85.6 N2P2K3 69.4 

N3P2K1 67.8 N3P2K2 70.6 N3P2K3 72.1 

N1P3K1 53.4 j N1P3K2 55.3 

1 
N1P3K3 50.2 

N2P3K1 61.2 N2P3K2 69.9 N2P3K3 67.3 

N3P3K1 69.8 N3P3K2 74.0 N3P3K3 70.3 

* 5-percent level of significance. 



Table 22: The effect of nitrogen on the highest point of 

plant of potato trials in centimeters. 

85. 

Trial Experimental leYels of nitr-og,en (lb/a). 

100 150 200 250 ' 300 

First trial 57.11 72.96 
** 

** 

Second trial 53.53 57.08 58.80 62.26 
** ** 

** 
** 

** 

** indicates significant difference between pairs of 

treatments at the 1-percent level. 

400 

77.01 
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significant effects on the height of plant. Phosphate had a 

significant (5-percent level) effect on the height of plant at 

flowering, but it did not affect the final highest point of 

plant. This might be explained by the fact that plants can 

absorb more phosphate from the soil in the late growing period 

to make up the shortage (85). 

Fresh weight of tubers 

It is apparent from the results (Table 23) that nitro

gen had a significant effect on the fresh weight of tubers. 

This finding is in agreement with previous reports (4, 43, 

73). In the first trial, the fresh weight of the tubers was 

significantly increased (1-percent level) up to the 250-pound 

rate of nitrogen addition and then slightly increased by the 

400-pound treatment. Although there was only a significant 

difference(5-percent level) in the first increment of the 

second trial, there were significant differences (1-percent 

level) between the two extremes and any pair of treatments 

with a double increment. 

Phosphate treatment had no significant effect on the 

fresh weight of tubers of the first trial, but it showed sig

nificant effects (5-percent level) as a result of the first 

increment and the two extreme levels in the second trial (Table 

24). It is apparent from the results that phosphate had little 

effect on the fresh weight of tubers which was in agreement 

with previous work (11, 21). 

There were no othersignificant effects on the fresh weight 



Table 23: The effect of nitrogen on the weight of tuber of potato trials in grams. 

Weight and trial Experimental levels of nitrogen (lb/a). 

100 150 200 250 300 400 

Fresh weight 146.93 212.15 221.41 
(First trial) ** 

** 

Fresh weight 131.11 149.93 165.26 179.71 
(Second trial) * 

** 
** 

** 

Oven-dried weight 
(First trial) 25.38 33.63 35.10 

** 
** 

Oven-dried weight 
(Second trial) 23.73 27.53 30.12 33.86 

** ** --** 
** 

** 

CX> 
-...) 

** and * indicate significant difference between pairs of treatments at the 1- and 5-

percent level, respectively. 
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Table 24: The effect of phosphate on the weight of 

tuber of potato trials in grams. 

Weight and trial Experimental levels of phosphate (1 b/a). 

25 50 100 150 

Fresh tuber weight 18.66 19.38 20.01 
of first trial 

Fresh tuber weight 
of second trial 144.87 160.18 164.47 

* 
* 

Oven-dried tuber 
weight of first trial 29.55 30.49 34.11 

Oven-dried tuber 
weight of second trial 27.01 29.54 29.87 

indicates significant difference between pairs of treatments 

at the 5-percent level. 
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of tubers in these experiments. 

Oven-dried weight of tuber 

In the first trial, the trend of nitrogen effect on the 

oven-dried weight of tuber was the same as that for the fresh 

weight of tuber (Table 23). Oven-dried weight was increased 

with nitrogen supply up to the 250-pound rate and then only 

slightly increased in the first trial. Although there was no 

significant difference between the 250- and 400-pound treat

ments, the increases of oven-dried weight of tuber were con

tinued up to 400 pounds per acre in the f.irst trial. In 

the second trial, although the second increment did not give 

a significant increase over the 200-pound rate, there were 

highly significant differences (1-percent level) between the 

first and the third increments as a result of the two extremes 

and any pair/~reatmen~with a double increment. The results 

indicate that the oven-dried weight of tuber could be increased 

with nitrogen application up to at least the 250-pound rate. 

There were no other significant effects shown in this 

study. 

Total number of tuber 

Nitrogen gave a significant increase (l~percent level) 

on the total number of tubers up to the 250-pound rate and 

then slightly decreased (Table 25),_ but this decrease did not 

affect the significant difference (1-percent level) between 



Table 25: The effect of nitrogen and phosphate on the total number of tubers of 

potato trials. 

Fertilizer and trial Experimental levels of nitrogen and phosphate (lb/a). 

25 50 100 150 200 250 JOO 400 
-

Nitrogen effect 
(First trial) ).81 6.00 5.92 

** 
** 

Nitrogen effect 
(Second trial) 5.19 5.67 7.86 7.52 

* --
* 

i~ 

Phosphate effect 
(First trial) 4.96 4.89 5.89 

Phosphate effect 
(Second trial) 5.71 7.14 6.82 

** and * indicate significant difference between pairs of treatments at the 1- and 

5-percent level
1
respectively, 

\.() 
0 . 



the 100- and 400-pound treatments in the first trial, The 

total number of tubers was incre~sed with nitrogen addition 

91. 

up to 250-pound rate and then slightly decreased in the second 

trial, but there was still a significant increase (5-

percent level) over the 150-pound rate.. There were also sig

nificant differences (5-percent level) between 150- and 250-

pound, 200- and 250-pound treatments. From the results, it 

is obvious that nitrogen could increase the total number of 

tubers at least up to 250 pounds per acre, 

There was a significant (1-percent level) nitrogen x 

phosphate interaction effect (Tablel5) on the total number of 

tubers of the first experiment, Although no trend was estab

lished, in a close study of this interaction (Table 26), when 

phosphate levels were varied, it is interesting to note that 

low or medium levels of nitrogen gave either a decrease or no 

trend, but at high levels of nitrogen (all levels of potash) 

increasing amounts of phosphate increased tuber numbers, When 

varying levels of nitrogen were studied, however, a definite 

trend for an increase in total number of tubers with the in

creased levels of nitrogen at the high phosphate level, (all 

levels of potash) was noted, At the low level of phosphate 

(potash level tlgn) increased nitrogen also increased the total 

tuber number, but this appeared unrelated to the trend at the 

high level of phosphorus, 

The total number of tubers was not significantly affected 

by other treatments. 
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Table 26: The interaction effect.,~ of nitrogen x phosphate 

on the total tuber number of the first potato trial. 

Nl pl Kl 

: 1 

Nl pl K2 4 Nl pl K3 3 

Nl P2Kl Nl p 2K2 5 Nl P2K3 5 

NlP3IS_ Nl p 3K2 4 Nl P3K3 4 

N2Pl Kl 

: l 
N2Pl K2 6 N2Pl K3 5 

N2P2Kl N2P2K2 7 N2P2K3 4 

N2P3Kl N2P3K2 5 N2P3K3 6 

N3P1Kl 

1: j 
N3Pl K2 

:J 
N3PlK3 

5 j N3P2Kl N3P 2K2 N3P2K3 5 

N3P3Kl N3P3K2 N3P3K3 8 . 

NlPlKl 4 NlPlK2 4 NlPlK3 3 

N2P1Kl 9 N2PlK2 6 N2PlK3 5 

N3P1Kl 3 N3PlK2 5 N3PlK3 5 

NlP2Kl 3 NlP2K2 5 NlP2K3 5 

N2P2Kl 6 N2P2K2 7 N2E2K3 4 

N3P2Kl 4. N3P2K2 5 N3P2K3 5 

NlP3Kl 

1: j 
NlP3K2 

:J 
NlP3K3 

:J N2P3Kl N2P3K2 N2P3K3 

N3P3Kl N3P3K2 N3P3K3 

i{· 1-percent level of sig11ifica:nce. 
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Tuber number down to 0.75 inch polar diameter of tuber 

This record was only taken in the second trial. Al

though there were no significant differences between the in

crements, there were significant differences (5-percent level) 

as a result of the two extremes and any pair,of treatments 

with a double Increment. The results showed that nitrogen 

could increase the tuber number (down to a 0.75" polar 

diameter). Tuber number (down to 0.75" polar diameter) was 

significantly increased with phosphate application up to the 

50-pound rate and then only slightly increased (Table 27). 

The result indicated that phosphate could increase the tuber 

number (down to 0.75" polardiameter) at least up to the 50-

pound treatment. 

There was no significant nitrogen x phosphat.e inter

action shown in this study. 

Average polar diameter of tuber (down to 0.75 inch) 

There were no significant effects shown in these exper-

iments. 

Average equatorial diameter of tuber 

The average equatorial diameter of tuber was significant

ly decreased (1-percent level) with potash addition up to the 

75-pound rate and then significantly increased (1-percent level) 

up to the 100-pound rate (Table 28). There is no apparent 

explanation for the results. 
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Table 27: The effect of nitrogen and phosphate on tuber 

number (down to 0.75" polar diameter) of the 

second potato trial. 

Fertilizer Experimental levels of nitrogen and phosphate 

Nitrogen 
effect 

Phosphate 
effect 

25 50 

3.21 4,04 
* 

* 

100 

4.36 

(lb/a). 

150 200 250 300 

3.29 3.48 4.24 4.48 
* 

* 
* 

* indicates significant difference between pairs of treatments 

at the 5-percent level. 



Table 28: The effect of potash on equatorial diameter in 

centimeters tuber of the first potato trial. 

95. 

Experimental levels of potash (lb/a). 

50 75 100 

The effect of potash 4.25 3.73 4.41 
** ** 

** indicates significant difference between pairs of treatments 

at the 1-percent level. 
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There were no other effects shown in this study. 

Percentage of dry matter content of tuber 

None of the treatments were significantly effective on 

the percentage of dry matter content of tubers in these ex

periments. 

Air-dried weight of roots 

In the first trial, the air~dried weight of roots was 

significantly increased (1-percent level) up to the 250-pound 

rate of nitrogen and then slightly increased (Table 29). There 

was no significant effect shown in the second trial. The result 

of the first experiment showed that the air-dried weight of 

roots could be increased with nitrogen application up to the 

250-pound rate. 

Except the nitrogen effect, there were no other effects 

shown on the air-dried weight of roots. 

Date of sprouting 

The results showed that nutrient application did not 

affect the date of sprouting. 

Days.needed for flowering after planting 

There were no significant differences shown in this study. 
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Table 29: The effect of nitrogen on air-dried weight of roots 

of potato trials in grams. 

Weight and trial 

Air-dried weight 
of roots (First 
trial) 

Air-dried weight 
of roots (Second 
trial) 

100 

2.40 

Experimental levels of nitrogen (lb/a) 

150 200 250 .300 400 

4.82 5.18 
** 

** 

1.46 1.61 1.80 1.7.3 

** indicates significant difference between pairs of treatments 

at 1-percent level. 
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Nutrient deficiency 

Low level nitrogen treatments showed serious d.efic-

iency symptoms in the late growing period of both trials. In 

the low level nitrogen treatments, the bottom leaves turned 

yellow first. 

There was no phosphate or potash deficiency symptom 

throughouJ these trials, 

Usage of fertilizers 

The usage of fertilizers by potato plants was similar 

to that by carrot plants. The results indicated that the 

nitrogen uptake by the potato plants increased with nitrogen 

level up to the rate of at least 400 pounds per acre, and 

there were highly significant differences (1-percent level) 

between treatments in both experiments (Table JO). It should 

be noted that no consideration was taken of possible nitrogen 

transformation in the soil. 

Phosphate and potash usage was not calculated for the 

same reason as previously cited under "Carrots". 

The nutrient levels for the final analyses of the 

potato experiments are present in Appendix c, Tables 3 and 4. 

Sweet Corn 

The summaries of the average results for sweet corn 

are present in Appendix B, Tables 5 and 6. The summaries of 
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Table 30: The usage of nitrogen as affected by increasing 

levels of available nitrogen on potatoes. 

rrrial Experimental levels of nitrogen (lb/a). 

100 l-50 200 250 300 400 

First 
trial 98.37 248.11 395.30 

** ** 
** 

Second 
trial 146.67 196.71 246.57 295.67 

** ** ** 
** 

** 
** 

indicates significant difference between pairs of 

treatments at the 1-percent level. 
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significance from the analysis of variance studies with the 

data of the sweet corn experiments are present in Tables 31 and 

32. 

Although the significant effects of the fertilizers will 

be discussed in more detail later, nitrogen significantly affected 

the following: total fresh weight of plant, fresh weight of top, 

fresh weight of ear unhusked and ear husked, air-dried weight 

of ear husked, length of ear, diameter of ear and cob number 

of kernels per ear and number of days after planting needed for 

silking. Phosphate application significantly affected the 

following: fresh weight of total plant and top, air-dried 

weight of total plant and top, height of plant at tasseling, 

height to base of harvested ear, number of kernels per ear, 

fresh weight of roots, air-dried weight of roots, number of 

days after planting needed for silking and length of tassel. 

Potash significantly affected the following: air-dried weight 

of top and ear husked, length of ear and diameter of ear. The 

significant interaction effects of nitrogen x phosphate were 

as follows: highest point of plant, fresh weight of ear 

husked, air-dried weight of ear husked, length of ear and number 

of days after planting needed for tasseling. The only signifi

cant interaction effects of phosphate x potash were as follows: 

air-dried weight of ear husked, length of ear and diameter of 

cob. There were no significant effects of nitrogen x phosphate 

x potash. 



Table 31: Summary of significance from analysis of variance studies 

with the data of the first sweet corn trial, 

Character Treatment 

N P205 K 0 NxP2o
5 

NxK20 P2o
5

xK
2

0 NxP
2
o

5
xK

2
0 

2 

-
Total fresh weight of plants ** * NS NS NS NS NS 
Total air-dried weight of plants NS ** NS NS NS NS NS 
Fresh weight of tops ** ** NS NS NS NS NS 
Air-dried weight of tops NS *-if- ** NS NS NS NS 
Height of plant at tasseling NS ** NS NS NS NS NS 
Height to base of harvested ear NS NS NS NS NS NS NS 
Highest point of plant NS NS NS * NS NS NS 
Fresh weight of ear unhusked ** NS NS NS NS NS NS 
Fresh weight of ear husked ** NS NS * NS NS NS 
Air-dried weight of ear husked ** NS * * NS * NS 
Length of ear ** NS * * NS * NS 
Diameter of ear ** NS * NS NS NS NS 
Diameter of cob ** NS NS NS NS * NS 
Number of rows of kernels NS NS NS NS NS NS NS 
Number of kernels per ear *if- NS NS NS NS NS NS 
Fresh weight of roots NS ** NS NS NS NS NS 
Air-dried weight of roots NS * NS NS NS NS NS 
Number of days after planting needed ** * NS NS NS NS NS 

for silking 
Number of days after planting needed NS NS NS * NS NS NS 

for tasseling 
Length of tassel NS * NS NS NS NS NS 

** Indicates significant difference at the 1-percent level. 
~ * Indicates significant difference at the 5-percent level. 
0 NS Indicates no significant difference, ~ . 



Table 32: Summary of significance from analysis of variance studies 

with the data of the second sweet corn trial. 

Character Treatment 

N Pzo5 K20 NxP
2
o

5 
NxK

2
0 P

2
o

5
xK20 NxP20 xK 0 

5 2 

Total fresh weight of plants ** * NS NS NS NS NS 
Total air-dried weight of plants NS ** NS NS NS NS NS 
Fresh weight of tops NS NS NS NS NS NS NS 
Air-dried weight of tops NS ** NS NS NS NS NS 
Height of plant at tasseling NS ** NS NS NS NS NS 
Height of base of harvested ear NS * NS NS NS NS NS 
Highest point of plant .NS NS NS NS NS NS NS 
Fresh weight of ear unhusked ** NS NS NS NS NS NS 
Fresh weight of ear husked ** NS NS NS NS NS NS 
Air-dried weight of ear husked * NS NS NS NS NS NS 
Length of ear ** NS NS NS NS NS NS 
Diameter of ear * NS NS NS NS NS NS 
Diameter of cob NS NS NS NS NS NS NS 
Number of rows of kernels NS NS NS NS NS NS NS 
Number of kernels per ear ** * NS NS NS NS NS 
Air-dried weight of roots NS ** NS NS NS NS NS 
Number of days after planting needed NS NS NS NS ** NS NS 

for silking 
Number of days after planting needed NS NS NS NS NS NS NS 

for tasseling 
Length of tassel NS ** NS NS NS NS NS 

** Indicates significant difference at the 1-percent level, 
* Indicates significant difference at the 5-percent level, j-1 

NS Indicates no significant difference, 0 
N . 
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Total fresh weight of plant 

There were significant increases (5-percent level) 

with the first increment of nitrogen addition in the two ex

periments (Table 33). Although the second increment of nitro

gen in both experiments did not give significant increases 

over the second treatment level, there were highly signifi

cant increases (1-percent level) over the first treatment 

level. The results showed that nitrogen could significantly 

increase the total weight of plants at least up to the 200-

pound rate. 

There was a significant increase (1-percent level) 

from a phosphate application at the 86-pound rate over the 

26-pound rate in the first trial (Table 34), but not between 

the intermediate increments. Although there was a significant 

increase (5-percent level) as a result of the first increment 

in the second trial, the increase for the second increment was 

not significant. The results showed that phosphate tended to 

increase the total weight of the plant at least up to the 

200-pound rate. 

Total air-dried weight of plant 

Although there was an insignificant increase in the 

first increment of phosphate addition, there was a significant 

increase (5-percent level) over the 56-pound rate and it was a 

highly significant increase {1-percent level) over the first 

treatment of the first trial (Table 34). There was a highly 
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Table 33: The effect of nitrogen on the total weight 

of plant of sweet corn in grams. 

Weight Experimental levels of nitrogen (lb/a). 
and 

trial 40 80 100 120 200 300 

Fresh weight 113.19 137.41 151.70 
(first trial) * 

** 
Fresh weight 
(second trial) 121.26 141.07 158.19 

* 
** 

Air-dried 29.19 31.81 32.44 
weight 
(first trial) 

Air-dried 39.38 42.74 42.69 
weight 
(second trial) 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively. 
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Table 34: The effect of phosphate on the total weight 

of plant of sweet corn in grams. 

Weight Experimental levels of phosphate (lb/a). 
and 

trial 26 56 86 100 200 300 

Fresh weight 117.59 135.22 149.48 
(first trial) *-i~ 

Fresh weight 126.70 145.00 148.81 
(second trial) * 

* 

Air-dried 26.60 30.22 36.63 
weight * 
(first trial) *i~ 

Air-dried 33.79 44.50 46.51 
weight ** 
(second trial) ** 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively, 
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significant increase (1-percent level) in the fi~st increment 

of phosphate application and then only slightly increased in 

the second trial, It was noted that the total air-dried 

weight of plant was increased with phosphate addition at 

least up to the 200-pound rate. 

There were no other effects shown in these trials. 

Fresh weight of top 

In the first trial, the fresh weight of the tops was 

increased with nitrogen supply, but there was only a signifi

cant increase (1-percent level) between the two extremes of 

the first trial (Table 35). There was no significant effect 

shown, in the second trial. The result indicated that nitrogen 

slightly increased the fresh weight of the top. 

There was only a significant increase (1-percent level) 

between the two extreme phosphate treatments of the first 

trial (Table 36). There was no significant effect shown in 

the second trial. It was indicated from the results that 

phosphate slightly increased the fresh weight of the top, 

None of the other treatments showed significant effects 

on the fresh weight of the top. 

Air-dried weight of top 

Although there was no significant increase over the 

first phosphate treatment, there was a highly significant in

crease (1-percent level) in the second increment 
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Table 35: The effect of nitrogen on the weight of tops 

of sweet corn trials in grams. 

Weight Experimental levels of nitrogen (lb/a). 
and 

trial 40 80 100 120 200 300 

Fresh weight 65.96 75.41 82.81 
(first trial) ** 
Fresh weight 
(second trial) 94.11 96.44 107.41 

Air-dried 18.78 18.33 17.70 
weight 
(first trial) 

Air-dried 
weight 
(second trial) 27.31 23.54 23.11 

** Indicates significant difference between pairs of treatments. 
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Table 36: The effect of phosphate on the weight of tops 

of sweet corn trials in grams, 

Weight Experimental levels of phosphate (lb/a). 
and 

trial 26 56 86 100 200 300 

Fresh weight 65.11 73.74 85.33 
(first trial) ** 
Fresh weight 88,81 101.78 107.37 
(second trial) 

Air-dried 15.60 16.70 22.52 
weight ** 
(first trial ** 
Air-dried 20.03 25.45 28.48 
weight * 
(second trial) ** 

.:!: Percentage of 76.04 77.35 73.60 
water content 
(first trial) 

:~: Percentage of 77.44 ?4.99 73.47 
water content 
(second trial) 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, respectively. 

• No analysis of variance was carried out. 
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of the first trial (Table 36). There was a significant in

crease (5-percent level) as a result of the first increment 

and then slightly increased, but the 300-pound treatment was 

significantly increased (1-percent level) over the 100-pound 

treatment of the second trial. From the results of this study, 

it was indicated that phosphate could significantly increase 

the air-dried weight of the top at least up to 200 pounds 

per acre. 

There was a significant decrease (5-percent level) with 

the first increment of potash addition in the first trial 

(Table 37). Although the second increment of potash in the 

first experiment did not give a significant decrease over the

116-pound rate, there was a highly significant decrease (1-

percent level) over the first treatment. There was no signifi

cant potash effect on the air-dried weight of the tops in 

the second trial. The results indicated that the air-dried 

weight of the top was decreased with potash supply. 

Except for the phosphate and potash effects, there were 

no other significant effects on the air-dried weight of tops 

sho~rn in these experiments. 

Height of plant at tasseling 

There was no significant increase as a result of the 

first increment, but there was a highly significant increase 

in the second incr~ment of phosphate in the first trial (Table 

38). In the second trial, the height of plants at tasseling 

was significantly increased (1-percent level) with phosphate 
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Table 37: The effect of potash on the air-dried 

weight of tops of sweet corn in grams. 

Trial Experimental levels of potash (lb/a). 

0 50 75 100 116 232 

Weight of tops 21.63 
(first trial) 

17.22 15.96 

Weight of tops 
(second trial 23.49 

* 

26.27 

** 

24.20 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, respectively. 
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Table 38: The effect of phosphate on the height of 

plants of sweet corn trials in centimeters. 

Height 
and 

trial 

Experimental levels of phosphate (lb/a). 

26 

Height of 52.42 
plants at 
tasselinR: 
(first trial) 

Height of 
plants at 
tasseling 
(second trial) 

Height to 
base of 
harvested ear 
(second trial) 

56 86 

53.94 61.76 
** 

** 

100 200 300 

57.88 71.55 76 87 
** 

** 

33.71 39.56 39.53 
* 

* 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent level~respectively. 
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application up to the 200-pound rate and then only slightly 

increased. The results indicated that phosphate could signifi

cantly increase the height of plants at tasseling at least up 

to 200 pounds per acre. 

~rhere were no other significant effects shown in this 

study. 

Height to base of harvested ear 

Although no significant results occurred in the first 

trial, the height to the base of harvested ear was significantly 

increased (5-percent level) up to the 200-pound rate of phos

phate in the second experiment and then slightly decreased at 

300 pounds per acre, but that was still a significant increase 

(5-percent level) over the 100-pound rate (Table 38). 

There were no other significant effects shown in these 

experiments. 

Highest point of plant 

There was a significant (5-percent level) nitrogen x 

phosphate interaction effect on the highest point of plant in 

the first trial (Table 31). 

In a close study of this interaction (Table 39), when phosphate 

levels were varied, it is interesting to note that low levels 

of nitrogen gave either a decrease or no trend, but at high 

levels of nitrogen (all levels of potash) increasing amounts 

of phosphate gave increased final height of plant. When 
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Table 39: The interaction effece~of nitrogen x phosphate 

on the highest point of plants of sweet corn in centimeters. 

NlPlKl 126.5 

1 
Nl PlK2 127.2 NlPlK3 121.5 

Nl P2Kl 123.9 Nl P2K2 95.0 Nl P2K3 119.9 

Nl P3Kl 104.6 Nl P3K2 121.0 Nl P3K3 110.3 

N2Pl K1 102.8 N2J?1K2 114.6 N2Pl K3 104.1 

N2P2~ 127.8 N2P2K2 116.0 N2P2K3 134.3 

N2P3~ 115.0 N2P3~ 115.8 N2P3K3 127.1 

N3Pl~ 113.8 N3P1 K2 99.4 N3P1 K3 100.1 

N3P2~ 129.9 N3P2K2 114.7 N3P2K3 104.6 

N3P3IS_ 135.5 N3P3K2 129.0 N3P3K3 112.0 

NlPlK1 126.5 Nl p1 K2 127.2 

1 
N1 pl K3 121.5

1 N2P1 K1 102.8 N2Pl K.2 114.6 N2P1K3 104.1 

N3P1K.1 113.8 N3P1K2 99.4 N3P1 K3 100.1 

N1P2K1 123.9 N1P2K.2 95.0 N1P2K3 119.9 

N2P2Kl 127.8 N2P2K2 116.0 N2P2K3 134.3 

N3P2K1 129.9 N3P2K2 114.7 N3P2K3 104.6 

NlP3K1 104.6 N1P3K2 121.0 NlP3K3 110.3 

N2P3Kl 115.0 N2P3K2 115.8 N2P3K3 127.1 

N3P3Kl 135.5 N3P3K2 129.0 N3P3K3 112.0 

* 5-percent level of significant difference, 
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varying levels of nitrogen were studied, however, low phosphate 

levels (medium and high potash) showed a decrease while low 

potash with medium and high phophate showed an increase in 

height with increasing nitrogen. 

There were no other significant effects indicated in 

these trials. 

Considering the results of these experiments, it was 

obvious that phosphate highly significantly affected (1-

percent level) the height of plant at tasseling, but it did 

not give a significant effect ori the highest point of plant 

(the final height of plant). This indicated that the influ

ence of phosphate application was primarily in the early growth 

stages and this effect largely disappeared after tasseling in 

the corn plants. This finding is in agreement with previous 

work (33, 36). 

Fresh weight of ear unhusked 

There were s ig!lifi cant differences ( 1-percent level) in 

the results of the first increment and the two extremes of both 

trials (Table 40). The second increment of nitrogen in the 

first experiment gave a significant increase (5-percent level) 

over the 80-pound rate. From a comparison of the results, it 

indicated that nitrogen increased the fresh weight of the ear 

unhusked at least up to the 200-pound rate. 

There were no other significant effects on the fresh 

weight of ear unhusked. 
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Table 40: The effect of nitrogen on the weight 

of ear of sweet corn in grams. 

Weight Experimental levels of nitrogen (lb/a). 
and 

trial 40 80 100 120 200 300 

Fresh weight 23.56 36.85 44.44 
of ear ** * 
unhusked ** 
(first trial) 

Fresh weight 27.15 44.63 50.78 
of ear ** 
unhusked ** 
(second trial) 

Fresh weight 8.93 20.48 27.30 
of ear ** * 
husked ** 
(first trial) 

Fresh weight 19.04 35.52 39.85 
of ear ** 
husked ** 
(second trial) 

Air-dried weight 
of ear husked 5.11 8.33 10.26 
(first trial) ** * 

** 

Air-dried 5.78 11.98 12.55 
weight of ** 
ear husked ** 
(second trial) 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively. 
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Fresh weight of ear husked 

There were significant increases (1-percent level) as 

the result of the first increment and the two extreme levels 

of both experiments (Table 40). There was also a significant 

difference (5-percent level) between the 80- and 120-pound 

rates, The results of these trials indicated that nitrogen 

had a highly significant effect on the fresh weight of the ear 

husked which findings were in agreement with previous work 

( 66' 67, 130) • 

The nitrogen x phosphate interaction effect on the 

fresh weight of ear husked was shown in the first trial (Table 

31). A close study of this interaction {Table 41) indicated 

that two groups showed a decrease and another two groups 

showed an increase in the fresh weight of the ear husked when 

phosphate was added, but no trend was established. When vary

ing levels of nitrogen were studied, however, a definite trend 

for increased weight of the ear husked with the increased 

levels of nitrogen was shown with medium and high phosphate 

levels (all levels of potash). From this study, it was noted 

that the weight of the ear husked was ·increased when nitrogen 

was added with medium and high levels of phosphate (all potash 

levels). 

There were no other effects shown in this study. 

Air-dried weight of ear husked 

The tFend of nitrogen effect on the air-dried weight of 

the ear husked was the same as that for the fresh weight of ear 
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* Table 41: The interaction effect of nitrogen x phosphate 

on the fresh weight of ear husked of sweet corn trial in grams. 

Nl pl Kl 11• Nl p1 K2 12 N1 p1 K3 17 

N1 P2K1 11 N1 P2K2 9 Nl P2K3 4 

Nl P3K1 3 N1 P3K2 4 Nl P3K3 9 

N2Pl K1 24 N2Pl K2 6 N2Pl K3 22 

N2P2Kl 28 N2P2K2 11 N2P2K3 32 

N2P3K1 11 N2P3K2 21 N2P3K3 30 

N3P1 K1 15 N3P1 K2 15 N3P1 K3 18 

N3P2K1 33 N3P2K2 27 N3P2K3 39 

N3P3K1 30 N3P3K2 38 N3P3K3 32 

N1P1K1 11 N1P1K2 12 N1P1K3 17 

N2P1K1 24 N2P1K2 6 N2P1K3 22 

N3P1K1 15 N3P1K2 15 N3P1K3 18 

N1P2Kl 11 N1P2K2 9 N1P2K3 4 

N2P2K1 28 N2P2K2 11 N2P2K3 32 

N3P2K1 33 N3P2K2 27 N3P2K3 39 

N1P3Kl 3 N1P3K2 4 N1P3K3 9 

N2P3K1 11 N2P3K2 21 N2P3K3 30 

N3P3K1 30 N3P3K2 38 N3P3K3 32 

* 5-percent level of significant difference. 
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husked (Table 40). In the first trial, although the first 

increment of nitrogen had a highly significant increase (1-

percent level) over the 40-pound rate, there was only a signifi

cant increase (5-percent level) in the second increment. In 

the second trial, the air-dried weight of ear husked was 

significantly increased (1-percent level) with nitrogen 

application up to the 200-pound rate and then only slightly 

increased. From the results, it indicated that air-dried 

weight of the ear husked was increased with nitrogen application 

at least up to 200 pounds per acre. 

Although the air-dried weight of ear husked was in

creased with potash addition, there was only a significant 

increase (5-percent level) in the second increment of the 

first trial (Table 42), but there wasno significant difference 

shown in the second trial. The explanation might be that the 

range of potash levels of the second trial was too narrow. 

The nitrogen x phosphate interaction also affected the 

air-dried weight of ear husked. In a close study of this inter

action (Table 43), when phosphate was added with the low potash 

level, there was no trend established, but when phosphate was 

added with the medium and high potash levels, there were trends 

found. The air-dried weight of ear husked was decreased when 

phosphate addition was with low nitrogen level (medium and 

high potash levels), but it was increased when phosphate 

application was with medium and high nitrogen levels (medium 

and high potash levels). When varying levels of nitrogen were 

studied, definite trends for increased air-dried weight of ear 
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Table 42: The effect of potash on the weight of ear 

Weight 
and 

trial 

Fresh weight 
(first trial) 

Fresh weight 
(second trial) 

Air-dried 
weight 
(first trial) 

Air-dried 
weight 
(second trial) 

husked in grams. 

Experimental levels of potash (1b/a). 

0 50 75 100 116 232 

18.37 15.78 22.56 

33.30 26.85 34.26 

7.19 7.41 9.11 
** 

** 
10.91 9.54 9.85 

indicates significant difference between pairs of treatments 

at the 5-percent level. 
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* Table 43: The interaction effect of nitrogen x phosphate 

on the air-dried weight of ear husked of the first sweet 

corn trial in grams. 

NlPlKl 6 NlPlK2 NlPlK3 7 

N1P2K1 7 NlP2K2 5 NlP2K3 5 

NlP3Kl 2 NlP3K2 4 NlP3K3 5 

N2P1Kl 8 N2P1K2 5 N2PlK3 9 

N2P2Kl 10 N2P2K2 7 N2P2K3 10 

N2P3Kl 6 N2PJK2 8 N2P3K3 12 

N3P1Kl 6 N3PlK2 8 N3PlK3 8 

N3P2Kl 13 N3P2K2 9 N3P2K3 13 

N3P3Kl 9 N3P3K2 14 N3P3K3 13 

NlPlKl 6 NlPlK2 6 NlPlK3 7 

N2P1Kl 8 N2PlK2 5 N2PlK3 9 

N3P1Kl 6 N3PlK2 8 N3PlK3 8 

NlP2Kl 7 NlP2K2 5 NlP2K3 5 
N2P2Kl 10 N2P2K2 7 N2P2K3 10 

N3P2Kl 13 N3P2K2 9 N3P2K3 13 

NlP3Kl 2 NlP3K2 4 NlP3K3 5 
N2P3Kl 6 N2P3K2 8 N2P3K3 12 

N3P3Kl 9 N3P3K2 14 N3P3K3 13 

5-percent level of significant difference. 
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husked with the addition of nitrogen levels were shown with 

the medium and high phosphate levels (all levels of potash). 

The results of this study show that nitrogen addition with 

medium and high levels of phosphate will increase the weight 

of ear husked and phosphate addition will also increase the 

weight of ear husked with medium and high levels of nitrogen 

and potash. 

There was significant interaction effect (5-percent 

level) of phosphate x potash on the air-dried weight of ear 

husked (Table 31). A study of this interaction (Table 44) 

indicated that four groups showed an increase and one group 

showed a decrease in the air-dried weight of ear husked when 

varying amounts of potash were added, but no definite trend 

was shown, When varying levels of phosphate were studied, 

increase in the air-dried weight of the ear husked with the 

increased level of phosphate was found with the medium and high 

levels of potash (medium and high levels of nitrogen), but the 

air-dried weight of ear husked was decreased when phosphate 

addition was with medium and high potash level at low nitrogen 

level. The results showed that phosphate application with 

medium and high levels of potash (nitrogen level medium and 

high) tended to increase the air-dried weight of ear husked. 

Length of ear 

There were significant increases (1-percent level) as 
of nitrogen 

a result of the first increment/of the first trial and the ex-

treme levels of both trials (Table 45). From a comparison of 
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Table 44: The interaction 
~~ 

phosphate x potash effect of on 

air-dried weight of ear husked of the first sweet corn 

trial in grams. 

NlPlKl 

:1 
N2P1Kl 8 N3P1K1 6 

NlPlK2 N2PlK2 5 N3PlK2 8 

NlPlKJ N2PlK3 9 N3PlK3 8 "/ 

NlP2Kl 7 N2P2Kl 10 N3P2K1 13 

NlP2K2 5 N2P2K2 7 N3P2K2 9 

NlP2K3 5 N2P2K3 10 N3P2K3 13 

NlP3Kl 2 N2P3Kl 6 N3P3Kl 9 

N1P3K2 4 N2P3K2 8 N3P3K2 14 

NlP3K3 5 N2P3K3 12 N3P3K3 13 

N1P1Kl 6 N2P1Kl 8 N3P1Kl 6 

NlP2Kl 7 N2P2Kl 10 N3P2K1 13 

NlPJKl 2 N2P3Kl 6 N3P3Kl 9 

NlPlK2 
/ 

N3P1K2 6 N2P1K2 5 8 

N1P2K2 5 N2P2K2 7 N3P2K2 9 

N1P3K2 4 N2P3K2 8 N3P3K2 14 

N1P1K3 7 N2PlK3 9 N3PlK3 8 

N1P2KJ 5 N2P2K3 10 NJP2KJ 13 

N1P3K3 5 N2P3K3 12 N3P3K3 13 
' ' 

* 5-percent level of significant difference. 
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Table 45: The effect of nitrogen on the length of the ears 

of sweet corn in centimeters. 

Length Experimental levels of nitrogen (lb/a). 
and 

trial 40 80 100 120 200 300 

Length of 6.91 8.92 9.83 
ear (first ** 
trial) ** 
Length of 10.11 11.03 12.38 
ear (second ** 
trial) 

** Indicates significant difference between pairs of 

treatments at the 1-percent level. 
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v,ras 
the results, itjnoted that the length of ear was increased 

with nitrogen suppl~ 

The length of ear was only significantly affected by 

potash addition in the first trial (Table 46). The significant 

effect (5-percent level) only occurred between the two ex-

tremes. The results showed that potash only slightly in

creased the length of ear. 

The significant interaction effect of nitrogen x 

phosphate on the length of ear was shown in the first trial 

(Table 31). A close study (Table 47) indicated that two 

groups showed a decrease and another two groups showed an 

increase in the length of ear when varying amounts of phosphate 

were added, but no definite trend was shown. When varying 

levels of nitrogen were studied, however, the length of ear 

was increased with nitrogen addition at medium level of phos

phate (all levels of potash). The low or high levels of 

phosphate gave either an increase or no trend in the length of 

ear when nitrogen levels were varied. The results indicated 

that nitrogen application with various levels of phosphate 

tended to increase the length of the ear. 

Another interaction effect (phosphate x potash) on 

the length of ear was also shown in the first experiment (Table 

31). In a close study (Table 48), two groups showed an in-

crease in the length of ear when potash was added at low and 

high levels of phosphate (nitrogen levels low and medium), but 

no trend was found. When varying levels of phosphate were 

studied, however, it showed that increased length of ears with 
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Table 46: The effect of potash on the length of 

ear of sweet corn in centimeters. 

Trial Experimental levels of potash (lb/a). 

0 50 75 100 116 232 

First trial 7.70 8.64 9.37 
* 

Second trial 11.05 10.90 11.57 

* Indicates significant difference between pairs of treatments 

at the 5-percent level. 
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Table 47: The interaction effect* of nitrogen x phosphate on 

the length of ear of the first sweet corn trial in centimeters. 

NlPlKl 7.91 NlPlK2 7. 91 N1P1K3 9.1 

N1P2Kl 7.6 NlP2K2 5-J N1P2K3 6.4 

N1P3K1 5.8 N1P3K2 5.1 N1P3K3 6.9 

N2P1Kl 8.4 N2PlK2 6.6 j N2P1K3 10.2 

N2P2K1 lo.4 N2P2K2 7.1 N2P2K3 10.9 

N2P3K1 7.1 N2P3K2 9.4 N2P3K3 10.4 

N3P1K1 9.1 N3PlK2 7.61 N3P1K3 9.1 

N3P2K112.4 N3P2K2 8. 6 N3P2K3 10.9 

N3P3K1 8.9 N3P3K2 11.7 N3P3K3 10.2 

N1P1K1 7,9! N1P1K2 7.9 N1P1K3 9.1 

N2P1K1 8,4 N2P1K2 6.6 N2P1K3 10.2 

N3P1K1 9.1 N3PlK2 7.6 N3P1K3 9.1 

N1P2K1 7,6! NlP2K2 
5. 31 

NlP2K3 6.4 

1 N2P2K110 .4 N2P2K2 7.1 N2P2K3 10.9 

N3P2K112.4 N3P2K2 8.6 N3P2K3 10.9 

N1P3Kl 
5.8 j NlP3K2 5.1 j N1P3K3 6.9 

N2P3K1 7.1 N2P3K2 9.4 N2P3K3 10.4 

N3P3Kl 8.9 N3P3K211. 7 N3P3K3 10.2 

* 5-percent level of significant difference. 
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Table 48s The interaction effect* of phosphate x potash on 

the length of ear of the first sweet corn trial in centimeters. 

NlPlKl 7·9! N2P1Kl 8.4 N3P1Kl 9.1 

NlPlK2 7.9 N2PlK2 6.6 N3P1K2 7.6 

N1PlK3 9.1 N2PlK3 10.2 N3PlK3 9.1 

NlP2Kl 7.6 N2P2Kl 10.4 N3P2K1 12.4 

N1P2K2 5·3 N2P2K2 7.1 NJP2K2 8.6 

N1P2K3 6.4 N2P2K3 10.9 NJP2KJ 10.9 

N1P3K1 5.8 N2P3K1 7.1 N3P3Kl 8.9 

NlP3K2 5.1 N2P3K2 9.4 N)P)Kz· 11.7 

NlP2K3 6.9 N2P2K3 10.4 oJ/ NJP2KJ 10.2 

N1P1Kl 7.91 N2P1Kl 8.4 N3P1K1 9.1 

·N1P2Kl 7.6 N2PzK2 10.4 N3P2K1 12.4 

N1P3K1 5.8 N2P3K3 7.1 N3P3K1 8.9 

N1P1K2 7.9 r NzPlK2 6.6! N3P1K2 7.61 
N1P2K2 5.3 N2P2K2 7.1 N3P2K2 8.6 

NlP3K2 5.1 N2P3K2 9.4 N3P3K2 11.7 

N1P1K3 9.1 N2P1K3 10.2 N3PlK3 9.1 

N1P2K3 6.4 N2P2K3 10.9 N3P2K3 10.9 

N1P3K3 6.9 N2PJK3 10.4 N3P3K3 10.2 

* 5-percent level of significant difference. 
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the phosphate levels added occurred with medium potash level 

(medium and high levels of nitrogen), but the length of ears 

was decreased when phosphate was added with low and medium 

levels of potash (nitrogen level low). Although analysis of 

variance showed this interaction to be significant no appar

ent trend could be established. 

There were no other significant effects shown on the 

length of ear in these trials. 

Diameter of ear 

The diameter of ear was significantly increased (1-

percent level) with nitrogen addition up to the SO-pound rate 

and then only slightly increased at the additional level in 

the first trial (Table 49). In the second trial, although 

the first increment of nitrogen gave a significant increase 

(5-percent level) over the 100-pound rate, the second increment 

only had an insignificant increase, The results indicated that 

nitrogen could increase the diameter of the ear at least up 

to the 200-pound rate. 

The diameter of ear was affected by potash application 

only in the first trial (Table 50). There were significant 

increases (5-percent level) as a result of the second incre

ment and the extreme levels. The results showed that the 

diameter of ear could be increased with potash supply, 

There were no other significant effects shown in this 

study. 
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Table 49: The effect of nitrogen on the diameter of ear 

Diameter 
and 

trial 

Diameter of 
ear (first 
trial) 

Diameter of 
ear (second 
trial) 

of sweet corn trials in centimeters. 

Experimental levels of nitrogen (lb/a) 

40 80 100 120 200 300 

1.93 2,49 2,62 
** 

** 

2.36 2.83 2.91 
* 

* 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent level respectively, 
' 
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Table 50: The effect of potash on the diameter of ears of 

the sweet corn trials in centimeters

Trial Experimental levels of potash (lb/a), 

0 50 75 100 116 232 

First trial 2.20 2.21 2,62 
* 

* 

Second trial 2,81 2,46 2,83 

* Indicates significant difference between pairs of treatments 

at the 5-percent level. 
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Diameter of cob 

The significant effect of nitrogen on the diameter of 

cob was only shown in the first trial (Table 51). There were 

highly significant differences (1-percent level) as a result 

of the first increment and the two extremes of the first ex

periment. The results indicated that nitrogen increased the 

diameter of cob at least up to the 80-pound rate. 

The close study of significant interaction effect (5-

percent level) of phosphate x potash on the diameter of cob 

is present in Table 52. When varying levels of potash were 

studied, a trend for increased diameter of cob with the added 

levels of potash were shown with low and high phosphate levels 

(all levels of nitrogen), however, a decrease in the diameter 

of cob with the increased potash level was found with medium 

level of phosphate (nitrogen level low). On the other hand 

two groups showed an increase and one group showed a decrease 

in the diameter of cob when varying levels of phosphate were 

added, but no trend was shown. These results would suggest 

that potash had more influence on the diameter of the cob than 

phosphate. 

There were no other significant effects shown in this 

study. 

Number of rows of kerne~ 

There were no significant effects on the number of rows 

of kerne£ shown in these experiments. 
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Table 51: The effect of nitrogen on the diameter 

of cob of the sweet corn trials in centimeters. 

Trial Experimental levels of nitrogen (lb/a). 

40 80 100 120 200 300 

First trial 1.12 1.40 1.47 
** 

** 

Second trial 1.26 1.13 1.26 

** Indicates significant difference between pairs of treatments 

at the 1-percent level. 
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Table 52: The interaction effect* of phosphate x potash on 

the diameter of cob of the first sweet corn trial in centimeters. 

NlPlKl 
l.J I N2P1Kl 

l.J 1 N3P1K1 
l.J I 

NlPlK2 l.J N2PlK2 1.3 N3P1K2 1.5 

N1P1K3 1.5 N2P1K3 1.5 N3P1K3 1.5 

NlP2K1 
1.51 

.N2P2Kl 1.5 N3P2K1 1.5 

N1P2K2 0.8 N2P2K2 1.5 N3P2K2 l.J 

N1P2K3 0.8 N2P2K3 1.5 N3P2K3 1.5 

N1P3K1 o.sj N2P3K1 0.81 N3P3K1 
l.J 1 

N1P3K2 0.8 N2P3K2 l.J NJPJK2 1.5 

N1P3K3 1.0 N2P3K3 1.8 N3P3K3 1.8 

NlPlKl 1.3 N2P1K1 l.J N3P1K1 1.3 

NlP2K1 1.5 N2P2K1 1.5 N3P2K1 1.5 

NlP3Kl 0.8 N2P3Kl 0.8 NJPJKl 1.3 

NlPlK2 
l.JI 

N2PlK2 1.3 NJPlK2 1 • .5 

NlP2K2 0.8 N2P2K2 1.5 NJP2K2 l.J 

NlP3K2 0.8 N2P3K2 1.3 N3P3K2 1.5 

N1P1KJ 1.5 N2P1K3 
1.5 j N3PlK3 

1.5 j 
N1P2KJ 0.8 N2P2K3 1.5 N3P2K3 1.5 

N1PJKJ 1.0 N2PJKJ 1. 8 . N3P3KJ 1.8 

* 5-percent level of significant difference. 
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Number of kernels per ear 

The number of kernels per ear was highly significantly 

increased (1-percent level) with nitrogen up to the 80-pound 

rate and then significantly increased (5-percent level) at the 

120-pound rate in the first trial (Table 5J).Although the first 

increment of nitrogen in the second trial gave a significant 

increase (5-percent level) over the 100-pound rate, there was 

an insignificant increase over the 200-pound rate, but it was 

a highly significant increase (1-percent level) over the 100-

pound rate. The results indicated that the number of kernels 

per ear could be increased with nitrogen at least up to the 

200-pound rate. 

Phosphate effect on the number of kernels per ear was 

only shown in the second trial (Table 53). There was a signif

icant increase (5-percent level) in the first increment and 

then slightly increased. The results indicated that phosphate 

could increase the number of kernels per ear up to the 200-

pound rate. 

There were no other effects shown in this study. 

Fresh weight of roots 

The record of the fresh weight of roots was only taken 

in the first trial. Because the roots were washed after harvest 

in order to get rid of the soil, it was not easy to make sure 

all the extra water was taken away. Accordingly, it was decided 

that the record of the fresh weight of roots of the second trial 



Table 53: The effect of nitrogen and phosphate on the number of kernels per 

Fertilizer 
and 

trial 

Effect of nitrogen 
(first trial) 

Effect of nitrogen 
(second trial) 

Effect of phosphate 
(first trial) 

Effect of phosphate 
(second trial) 

26 

23.44 

ear of sweet corn trials, 

Experimental levels of nitrogenauphosphate (lb/a). 

40 56 80 86 100 120 200 300 

11.00 31.30 47.33 
** * 

~ 

26.56 56.15 65.11 
* 

** 
35.44 30.74 

30.19 55.33 62.30 
* 

~~ 

~~* and ~~ Indicate significant difference between pairs of treatments at the 1- and 5-

percent level,respectively. 

1-' 
\.....0 
\J\ . 
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would not be taken. 

There was a significant increase (1-percent level) be

tween the two extreme levels of the first trial (Table 54). 

The resulm indicated that the fresh weight of root was slightly 

increased with phosphate application. There were no other 

significant effects shown in this study.

Air-dried weight of roots 

There was a significant increase (5-percent level) be

tween the two extreme levels of the first trial (Table 54). 

In the second trial, although there was only a significant 

increase (5-percent level) above the 200-pound rate, there was 

a highly significant increase (1-percent level) as a result of 

the two extreme treatments. From a comparison of the results, 

it indicated that the air-dried weight of root was increased 

with phosphate addition. 

There were no other significant effects on the air

dried weight shown in these experiments. 

Days after planting needed for silking 

It was significantly decreased by nitrogen application 

only in the first trial (Table 55). There were highly signifi

cant decreases (1-percent level) as a result of the first in

crement and the two extreme levels. The results of the first 

trial indicated that high rat~ of nitrogen would shorten the 

days after planting needed for silking. 



137. 

Table 54: The effect of phosphate on the weight of roots 

Weight 
and 

trial 

Fresh weight 
(first trial) 

Air-dried 
weight (first 
trial) 

Air-dried 
weight (second 
trial) 

of sweet corn in grams. 

Experimental levels of phosphate (lb/a). 

36 56 86 100 200 300 

19.96 24.37 28,93 
** 

4.04 4.85 5.70 
~} 

4.10 4. 99 . 6. 38 
* 

** 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively. 
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Table 55: The effect of nitrogen and phosphate on the 

days after planting needed for silking of the 

first sweet corn trial. 

Fertilizer Experimental levels of nitrogen and phosphate (1b/a). 

Effect of 
nitrogen 

Effect of 
phosphate 

26 

71.74 

40 

78.52 
** 

74.11 
* 

80 86 •' 120 

72.30 71.85 

** 

76.81 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent level~ 

respectively. 
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The effect of phosphate on the days after planting 

needed for silking was only shown in the first trial (Table 55). 

Although there were no significant increases between the indiv

idual treatments, the 86-pound treatment was significantly 

longer (5-percent level) than the 26-pound treatment. 

Krantz (66} reported that there was· a difference at 

silking time between unphosphated and phosphated plants, how

ever, the results of these experiments indicated that there was 

a significant effect (5-percent level) in the low phosphate 

treatments (26, 56 and 86 lb/a), but no significant effect in 

the high phosphate treatments (100, 200 and 300 lb/a). 

There was a highly significant interaction effect (1-

percent level) of nitrogen x potash on the days after planting 

needed for silking shown in the second trial (Table 32). In a 

close study (Table 56), two groups showed an increase and one 

group showed a decrease in the days after planting needed for 

silking when varying levels of potash were added, but no trend 

could be es.tablished. When varying amounts of nitrogen were 

studied, three groups showed a decrease in the days after 

planting needed for silking with nitrogen addition, but no trend 

was found either. The result indicated that the interaction 

effect of nitrogen x potash on .the number of days after planting 

needed for silking was not consistent. 

Days after planting needed for tasseling 

The significant effect (5-percent level) of nitrogen x 

phosphate on the days after planting needed for tasseling 
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Table 56: The interaction effect7~ of nitrogen x potash on 

the number of days after planting needed for silking

of the second sweet corn trial. 

NlPlKl 62,0 N1 P2Kl 60.6 N1 P3K1 65.6 

NlPlK2 64,0 NlP2K2 63.0 N1P3K2 62 .·6 

N1P1K3 61.3 Nl P2K3 62.0 N1 P3K3 57.0 

N2P1Kl 56.0 N2P2Kl 57.3 N2P3K1 57.0 

N2P1 K2 63.3 N2P2K2 58.6 N2P3K2 61.6 

N2P1 K3 69.6 N2P2K3 61.3 N2P3K3 61,0 

N3P1 Kl 63.0 N3P2K1 60.3 N3P3Kl 61.0 

N3PlK2 62,6 N3P2K2 62.6 N3P3K2 58.3 

N3PlK3 63.0 N3P2K3 54.6 N3P3K3 59.3 

N1P1Kl 62,0 NlP2K1 60,6 N1P3K1 65.6 

N2P1Kl 56.0 N2P2Kl 57.3 N2P3K1 57.0 

N3P1Kl 63.0 NzP2K1 
.j 

60,3 N3P3K1 61.0 

NlP1K2 64.0 NlP2K2 63.0 N1P3K2 62.6 

N2PlK2 63.3 N2P2K2 58.6 N2P3K2 61,6 

N3P1K2 62.6 N3P2K2 62·, 6 N3P3K2 58.3 

N1PlK3 61.3 N1P2K3 62.0 NlP3K3 57.0 

N2PlK3 69.6 N2P2K3 61.3 N2P3K3 61.0 

N3PlK3 63.0 N3P2K3 54.6 N3P3K3 59.3 

* 1-percent level of significant difference. 
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was shown in the first trial (Table 31). A close study 

(Table 57) indicated that three groups showed a decrease in 

the number of the days after planting needed for tasseling 

when various levels of phosphate were added, but no trend was 

established. When varying levels of nitrogen were studied, 

one group showed a decrease and two groups showed an increase 

in the days after planting needed for tasseling at nitrogen 
in 

addition, but no trend was founCVeither. The result showed 

that the interaction effect of nitrogen x phosphate on the 

number of days after planting needed for tasseling was not con-

sis tent. 

There were no other significant effects shown in this 

study. 

Length of tassel 

Although there were no significant increases between 

the individual phosphate treatments, there was a significant 

increase (5-percent level) between the two extremes of the 

first trial (Table 58). The length of tassel was significantly 

increased (1-percent level) with phosphate addition up to the 

200-pound rate and then only slightly increased in the second 

trial. The results showed that the length of tassel was in-

creased with phosphate supply at least up to 200-pounds 

per acre. 

There were no other significant effects shown on the 

length of tassel in these experiments. 
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Table 57: The interaction effect* of nitrogen x phosphate on 

the number of days (after planting) needed for tasseling 

of the first sweet corn trial. 

Nl P1Kl 59 Nl pl K2 57 N1 pl K3 58 

N1 P2Kl 58 Nl P2K2 66 Nl P2K3 62 

Nl P3Kl 60 Nl P3K2 56 Nl P3K3 58 

61. ' 60 " N2P1Kl N2P1 K2 60 N2P1 K3 

N2P2K1 56 N2P2K2 56 N2P2K3 56 

N2P3K1 54 N2P3K2 58 N2P3K3 56 

N3P1Kl 60 N3Pl K2 61 " N2P1 K3 60 

N3P2Kl 59 N3P2K2 58 N3P2K3 56 

N3P3K1 60 N3P3K2 57 N3P3K3 58 

NlP1K1 59 Nl pl K2 ::1 NlPlK3 58 ' 

N2P1K1 61 N2P1 K2 N2P1K3 60 

N3PlK1 60 N3Pl K2 61 N3PlK3 60 

NlP2Kl 58 NlP2K2 66 NlP2K3 62 

N2P2K1 56 N2P2K2 56 N2P2K3 56 

N3P2Kl 59 N3P2K2 58 N3P2K3 56 

NlP3Kl 60 N1P3K2 56 N1P3K3 58 

N2P3Kl 54 N2P3K2 58 N2P3K3 56 

N3P3K1 60 N3P3K2 57 N3P3K3 58 

5-percent level of significant difference. 
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Table 58: The effect of phosphate on the length 

of tassel of sweet corn trials in centimeters. 

Trial Experimental levels of phosphate (lb/a) 

26 86 100 200 300 

First trial 23.36 26.64 28.41 
* 

Second trial 20.61 24.11 25.75 
** 

** 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively. 



144. 

Date of germination 

The results showed that nutrient application did not 

affect the date of germination. 

Nutrient deficiency 

Nutrient deficiency symptoms were not apparent in 

these experiments. 

Usage of fertilizers 

The results indicated that the nitrogen usage by 

sweet corn increased with increases of nitrogen rate up to at 

least 300 pounds per acre and there were highly significant 

differences (1-percent level) between treatments (Table 59). 

The results also indicated that phosphate application resulted 

in an increased total nitrogen uptake by the plant (Table 60). 

Phosphate and potash usage was not calcuated for the 

same reason as previously cited under "Carrots". 

The nutrient levels of the final analyses for the 

sweet corn experiments are present in Appendix C, Tables 5 

and 6. 



Table 59: The usage of nitrogen as affedted by 

increasing available nitrogen on sweet corn. 

145. 

Trial Experimental levels of nitrogen (lb/a). 

40 80 100 120 200 300 

First trial 38.63 78.04 113.67 
** 

** 
** 

Second trial 96 .19. 187.78 248.67 
*-Y--

~~* 

~}·;: 

** Indicates significant difference between pairs of treatments 

at the 1-percent level. 



Table 60: The usage of nitrogen as affected by 

increasing phosphate levels on sweet corn. 

Experimental levels of phosphate (lb/a) 

Nitrogen usage 
(lb/a) 

100 

166.74 
* 

200 300 

179.26 186.63 

** and * Indicate significant difference between pairs of 

treatments at the 1- and 5-percent levels, 

respectively. 
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SUl·1rviARY AND CONCLUSIONS 

The effects of nitrogen, phosphate and potash with 

carrots, .potatoes and sweet corn were studied in these exper

iments. The experiments were carried out in greenhouses with 

fan-pad equipment during the period of January 1967 to March 

1969. 

Except for ihe second potato trial, three levels of 

nitrogen, three levels of pbosphate and three levels of potash 

were te~ted in various combinations. With the second potato 

trial four levels of nitrogen and three levels of phosphate 

were tested, The initial soil nutrient levels we~e analyzed 

prior to any fertilizer application and the soil from each of 

the treatments was analyzed after harvest. 

The results of ihe carrot trials indicated that nitro

gen had a greater influence on carrots than phosphate and 

potash. The fresh weigh.t of topp and roots were significantly 

increased by increased levels of nitrogen·and phosphate. In

creased nitrogen gave significant increases in the air-dried 

weight of top and oven-dried weight of root, while increased 

phosphate only had significant increases in the oven-dried 

weight of root. Additional nitrogen increased the highest 

point of plants, but phosphate decreased it. Nitrogen decreased 

the length of roots as the levels decreased, but phosphate had 

no significant effect. The better results were obtained at 

nitrogen levels of 180 to 200 pounds per acre and at applied 

- 147 -
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phosphate levels of 44 to 69 pounds per acre. The initial 

soil potassium level was found to be sufficient as there were 

no significant effects shown in these trials. 

The results of the potato trials indicated that in

creased nitrogen significantly increased the top, tuber and 

root growth while additional phosphate only significantly in

creased the top and tuber growth. Although potash signifi

cantly affected the average equatorial diameter of tuber, the 

effect was not consistent. The better results were obtained 

at nitrogen levels of 200 to 250 pounds per acre and at applied 

phosphate levels of 50 to 100 pounds per acre. From the results 

of these trials, it is obvious that the initial soil potash 

level was found to be suff1cient as there were no apparent 

significant effects shown. A close study of interaction 

effects showed that a combination of high rates of nitrogen 

and phosphate could produce a greater crop. 

The results of the sweet corn trials indicated that 

nitrogen was more effective on the ear growth than phosphate 

and potash. Phosphate, however, had greater effects on the top 

and root growth than nitrogen and potash. Increased nitrogen 

significantly increased the fresh weight of top, the weight of 

ear, the length and diameter of ear, the diameter of cob and 

the number of kernels per ear, while increased phosphate 

significantly increased the weight of top growth, the height 

of plant at tasseling, the height to base of harvested ear, 

the number of kernels per ear, the weight of roots, number of 

days after planting needed for silking and the le:n:gth of tassel. 

The number of days after planting needed for silking was de-



creased with nitrogen addition, Increased potash significantly 

increased the air-dried weight of top, the air-dried weight of 

ear husked and the diameter of cob. The better results were 

obtained at nitrogen levels of 200 pounds per acre, and at 

applied phosphate levels of 186 to 200 pounds per acre. 

Although the initial soil potassium level was very high, the 

results indicated that the air-dried weight of top and ear 

husked, as well as the diameter of cob still responded to 

applied potash, A close study of the interaction effects 

showed that high levels of fertilizer combinations would give 

better results. 

The experimental results present in this thesis were 

only for the greenhouse trials. Only small populationscould 

be accommodated in the greenhouse trial and the environmental 

effects in the greenhouse were not the same as that in the 

field. Accordingly, field experiments with the more promising 

fertilizer rates would be suggested for further study in order 

to obtain more practical results for fertilizer recommendation 

to vegetable growers. It is also suggested that plant analyses 

for the nutrients, particularly phosphate and potash be used 

in future experiments, to determine the usage by the plants. 
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Appendix A. 

Table 1: Initial nutrient level. 

Carrot Carrot Potato Potato Sweet Sweet 
(first) (second) (first) (second) corn corn 

(first) (second) 

No
3

-N (lb/a) 23 42 so 96 8 so 

NaHCO -p (lb/a) 3 . 6 18 11 12 4 6 

NH
4

0Ac-K+ (lb/a) 230 300 290 2SO 232 230 

NH40Ac-Na+ (1b/a) 81 

pH 7.2 7.6 7.3 7.7 7.9 

Electrical 0.8 o.6 0,6 1.1 0.7 
conductivity 
(mmhos/cm) 
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Appendix B 

Table 1: Average results for the carrot experiment 1. 

Top Growth Root Growth 

Fresh Dry Fresh Dia-
weight weight weight meter Length 

Treatments (g) (g) (g) (em) (em) 

NlP1Kl 6,60 1.30 17.76 1.7 11.2 

N1P1K2 6,46 1.27 16.73 1,6 11.6 

N1PlK3 6.20 1.13 13.06 1.4 11.3 

NlP2Kl 5.93 1,20 15.40 1.5 11,2 

NlP2K2 7.63 1.17 19.13 1.7 12,8 

NlP2K3 6.00 1.33 17.53 1.7 12,6 

NlP2Kl 5. 20 1.07 15.53 1.5 11.2 

N1P3K2 7.97 1.43 17.93 1.7 12.5 

NlP3K3 7.10 1.07 18.36 1.7 13.7 

N2P1Kl 8,20 1.37 16.73 1.7 10,8 

N2P1K2 7.77 1,23 16.50 1.6 11.7 

N2PlK3 7.67 1.27 15.60 1.6 10.6 

N2P2K1 8.43 1.63 22.67 1.8 12.6 

N2P2K2 9.60 1,40 17.47 1.5 11.9 

N2P2K3 8.83 1.47 20.23 1.7 13.2 

N2P3K1 9.43 1,70 17.60 1.6 12.4 

N2P3K2 10.13 1.44 19.43 1.6 13.6 

N2P3K3 8.53 1.27 16.00 1.5 12.4 

N3P1 K1 7.20 1.30 16.83 1.7 12.7 



Table 1: Average results for the carrot experiment 1 

Treatment 

N3P1K2 

N3P1K3 

N3P2Kl 

N3P2K2 

N3P2K3 

N3P3K1 

N3P3K2 

N3P3K3 

(continued). 

Top Growth 

Fresh 
weight 

(g) 

8.27 

8.20 

8.30 

7.67 

11.00 

9.00 

8.00 

10.05 

Dry 
weight 

(g) 

1.27 

1.40 

1.33 

1.33 

1.53 

1.47 

1.40 

1.67 

Root Growth 

Fresh 
weight Diameter 

(g) (em) 

16.53 1.6 

20.03 1.6 

19.90 1.8 

19.67 1.6 

21.47 1.8 

19.80 1.7 

18.60 1.8 

20.93 1.7 

164. 

Length 
(em) 

11.4 

12.7 

12.4 

13.1 

13.8 

11.7 

11.7 

12.5 



Table 2: Average results for the carrots experiment 2. 

ToE Growth Root Growth 
Oven-

Treat- Fresh Dry Fresh dried Dia-
ments weight weight Height weight weight meter Length 

(g) {g) (em) {g) (g) (em) (em) 

NlP1K1 8.91 1.57 44.0 41.89 4.85 2.7 12.4 

N1PlK2 8.52 1.49 50.7 36.61 4.40 2.5 10.8 

N1P1K3 9.48 1.46 50.3 42,11 4.43 2.8 10.8 

N1P2K1 7.85 1.39 45.9 36.22 4.41 2.5 11.0 

N1P2K2 8.57 1.44 43.8 42.76 4.93 2.8 11.4 

N1P2K3 8.94 1.53 42.8 41.66 5.09 2.6 11.4 

N1P3K1 9.13 1.62 46.9 45.20 5.20 2.5 10,0 

N1P~K2 8.85 1,68 45.7 45.02 5.08 2.9 11.0 

N1P3K3 7.96 1,42 40.7 43.57 5.14 2.! 9 11.2 

N2P1K1 12.27 1.90 54.3 40.33 4.26 2,8 9.8 

N2P1K2 13.96 2.19 54.1 47.84 4.95 3.0 10.? 

N2P1K3 13.13 1.87 52.0 40.05 4,04 2.9 9.4 

N2P2K1 11.78 1.99 49.6 47.02 5.01 6.7 10.1 

N2P2K2 11.50 2,02 47.4 41.24 4.78 2.8 11.3 

N2P2K3 11.07 1,86 46.3 48.53 5.40 3.0 11.5 

N2P3K1 11.44 2.03 45.8 51.36 ' 5.61 3.1 10.9 

N2P3K2 11.17 2.03 50.3 40.96 4.93 2,8 10.5 

N2P3K3 12.84 2.12 52.5 49.76 5.13 2,8 10.9 

N3P1K1 11.89 1.83 55.5 31.98 3.42 2.7 8.3 

N3P1K2 11.91 1.78 49.1 36.09 3. 56 2.7 8.9 
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Table 2: Average results for the carrots experiment 2 

(continued). 

Top Growth Root Growth 
Oven-

Treat- Fresh Dry Fresh dried Dia-
ments weight weight Height weight weight meter Length 

{g) {g) (em) (g) (g) (em) (em) 

N3PlK3 14.05 2,08 49.3 35.97 4.05 2.9 8.8 

N3P2Kl 11.91 2.09 53.5 42.69 5.03 2.9 9.8 

N3P2K2 13.78 2.12 50.6 47.22 4.77 2.9 10.5 

N3P2K3 11.91 1.81 52.8 40.96 4.19 2,8 9.0 

N3P3K1 12.70 1.94 49.6 44.97 4.70 2.9 10.3 

N5P3K2 12.92 2,04 48.7 42.01 4.51 2.9 9.2 

N3P3K3 12.37 2,14 50.5 49.08 5.35 2.9 10,4 



Table 3: Average results for the potato experiment 1. 

Root 
Top Growth Tuber Growth Growth 

Height High- Aver. Aver, 
of plt, est polar equat- Dry 

Fresh Dry at point Fresh Dry Tuber dia.of erial matter Dry 
Treat- Weight Weight flower- of Weight Weight Num- tuber dia.of Spec. (%)of Weight 

ment (g) (g) ing plant (g) (g) ber down to tuber Grav- tuber (g) 
(em) (em) 0. 7 5'\cm) (em) ity 

NlPlKl 104 9.26 66.6 67,8 156 25.33 4 4.88 3.77 1.054 16.2 2.19 

NlPlK2 93 7.90 60.1 60.1 148 23.91 4 4,88 3.78 1.053 16,1 3.11 

N1P1K3 84 6.93 47.6 49.2 150 23.06 3 5.46 4.57 1.050 15.4 2.77 

NlP2Kl 93 8.72 62.3 62,6 145 22.42 3 6.21 4.53 1.050 15.5 1.75 

N1P2K2 74 7.42 54.1 54.2 124 19.31 5 4.59 3.56 1.053 16.0 2.87 

N1P2K
3 85 7.41 57.2 57.2 173 28,07 5 4.82 3.91 1.054 16.2 2,20 

N1P3K1 76 7.63 53.4 55.8 145 22.75 3 5.80 4.13 1.051 15.8 2.64 

N1P3K2 84 8,10 55.3 55.3 132 20,88 4 4.95 2.93 1.052 15.8 2.11 

N1P3K
3 

82 7.57 50.2 51.8 150 22.72 4 5.54 4.47 1.049 15.3 1.92 

N2P1K1 141 13.56 66.6 70.1 231 33.20 9 4.51 3.69 1.044 14.4 6.77 
1-' 

N2P1K2 138 12,63 67.0 70.0 192 29.55 6 5.22 4,24 1.050 15.5 5.60 ~ 
-....:} . 



Table 3: Average results for the potato experiment 1 (continued). 

Top Growth Tuber Growth Root 
Growth 

Height High- Aver. Aver. 
of est polar equat-

plant point dia.of orial Spec- Dry 
Treat- Fresh Dry at of Fresh Dry Tuber tuber dia.of ific matter Dry 

ment Weight Weight flower- plant Weight Weight Num- down to tuber Grav- (%)of Weight 
(g) (g) ing (em) {g) (g) ber o. 7 5 ''lewt) (em) ity tuber {g) 

(em) 
--

N2P1K3 152 14.46 65.4 69.4 219 33.10 5 5.26 4.45 1.048 15.1 4.23 

N2P2Kl 181 14.65 78.0 80.0 210 33.92 6 5.61 4.19 1.053 16.1 4.53 

N2P2K2 187 17.14 85.6 86.9 219 35.40 7 4.55 3.56 1.053 16.1 3.50 

N2P2K3 168 15.01 69.4 72.4 214 33.31 4 6.74 5.22 1.050 15.6 3.32 

N2P3K1 164 14,64 61.2 63.8 195 36.94 6 5.30 4. 75 1.077 20.5 5.35 

N2P3K2 170 14.66 69.9 72.5 211 33.06 5 4.59 3.68 1.051 15.7 4.46 

N2P3K3 175 15.26 67.3 71.6 218 34.16 6 5.28 4.11 1.051 15.7 5.63 

N3P1K1 169 15.73 67.1 7L1-. 0 204 33.13 3 5.50 4.35 1.054 16.2 5.11 

N3P1K2 203 18.92 69.1 80.2 207 38.05 5 5.12 4.18 1.071 19.4 4.98 

N3P 1 K3 168 16.29 69.7 77.5 172 26.31 5 5.19 4,20 1.049 15.3 4.28 
1-' 

N3P2K1 196 19.35 67.8 71.3 235 35.87 4 5.85 4. 71 1.049 6.0.3 
0'\ 

15.3 (X) . 



Table 3: Average results for the potato experiment 1 (continued) 

Top Growth Tuber Growth 

Height High- Aver. Aver. 
of est polar equat-

plant point dia.of orial Spec- Dry 
Treat- Fresh Dry at of Fresh Dry Tuber tuber dia.of ific matter 

ment Weight Weight flower- plant Weight Weight Num- down to tuber Grav- (%)of 
(g) (g) ing (em) (g) (g) ber 0. 7 .5'tcm) (em) ity tuber 

(em) 

N3P2K2 20.5 16.96 70.6 77.7 184 28.79 5 4.93 4,00 1.049 1.5.4 

N3P2K3 210 19.79 72.1 77.5 240 37.52 .5 5.90 4.77 1.0)1 15.6 

N3P3Kl 204 19.38 69.8 77.1 250 34.99 10 4.96 4.11 1.050 14.1 

N3P3K2 213 20.13 74.0 84.3 247 42.11 8 4.43 3.65 1.057 16.9 

N3P3K3 197 18.63 70.3 7 .5. 4 253 39.35 8 5.23 4.04 1.050 15.5 

Root 
Growth 

Dry 
Weight 

(g) 

4.38 

6.10 

4.22 

6.00 

5.51 

t-J 
0'\ 
\,() . 



Table 4: Average results for the potato experiment 2. 

Top Growth Tuber Growth 
.............. ~~~-

Height Highest Days needed 
of point for 

Dry plant at of flowering Fresh Oven-dry 
weight flowering plant after weight weight 

Treatment (g) (em) (em) planting (g) (g) 

N1P1 (1} 8.13 50.3 52.8 48 127.25 22.61 

N1P2 (2} 7.77 49.3 52.1 49 130.18 23.47 

N1P
3

(3) 7.43 51.9 55.7 49 136.92 24.96 

N2P1 (4) 8.69 53.2 56.8 50 135.48 25.46 

N2P2(5) 9.60 54.9 56.7 50 150.03 27.55 

N2P3 (6) 10.85 52.6 57.7 50 164.28 29.58 

N3P1 (7) 9.36 57.0 58.0 51 152.31 28.91 

N3P2(8) 11.44 58.1 58.7 51 174.38 31.90 

N3P3(9) 10.86 51.4 56.8 48 169.08 29.55 

N4P1 (10) 11.37 58.1 61.8 50 164.42 30.90 

N4P2(11) 14.15 54.9 61.9 49 187.14 35.25 
1--' 

N4P3 (12) 12.50 58.6 63.1 50 187.58 35.41 -..J 
0 . 



Table 4: Average results for the potato experiment 2 (continued) 

rruber Growth Root Growth -
Tuber number Aver.polar Average 

Dry Total down to diameter equatorial Air dry 
matter tuber 0.75" polar down to diameter weight 

Treatment content number diameter 0.75"(Cm) (Cill) (g) 

N1P1 (1) 17.88 5 3 4.93 3.94 1.54 

N1P2 (2) 18.29 6 3 4.63 3.74 1.51 

N1P3 (3) 18.22 4 3 5.28 4.15 1.34 

N2P1 (4) 18.80 5 3 5.19 4. 65 1.81 

N2P2 (5) 18.28 6 4 4.57 3.74 1.51 

N2P
3

(6) 18.19 7 4 4,72 3.80 1.51 

N3P1 (7) 18.96 7 3 4.58 4.05 2.15 

N3P2 (8) 18.34 8 4 4.66 3.79 1.71 

N3P3(9) 17.63 8 5 4.32 3.46 1.53 

N4P1 (10) 18.81 6 4 4.54 3.78 1.77 

N4P2 (11) 18,86 8 4 4,48 3.75 1.85 

N4P3 (12) 18.52 9 5 4.22 3.56 1.56 
1--' 
-....) 

1--' . 



Table 5: Average result for the sweet corn experiment 1. 

Top Growth 

Total Tot.air- Number Height Height 
fresh dried Number of days of Length to base Highest 

weight weight Air- of days to plant of of point 
of of Fresh dried to tas- at tas- tassel- harvest of 

plant plant weight weight silk seling seling ing ear plant 
Treatment (g) {g) (g) (g) (em) (em) (em) (em) 

Nl pl K.l 11/..t- 28 65 18 74 59 59.5 23.1 21.5 126.5 

Nl P1 K2 107 27 61 17 73 57 48.4 29.6 24.0 127.2 

N1P1K3 115 27 62 15 70 58 53.0 26.3 25.6 121.5 

NlP2Kl 122 29 65 17 76 58 57.0 29.7 24.6 123.9 

NlP2K2 91 21 55 13 110 66 47.8 21.7 16.4 95.0 

N1P2K3 118 31 69 21 78 62 61.8 26.8 27.1 119.9 

N1P3K1 125 34 78 25 90 60 69.7 30.4 26.5 104.6 

N1P3K2 116 37 72 23 80 56 58.2 33.3 27.8 121,0 

N1P3K3 110 29 66 19 78 58 56.9 23.2 21.2 110.3 

N2P1K1 129 31 71 20 70 61 57.9 17.3 23.9 102.8 

N2PlK2 108 26 63 16 72 60 57.6 23.4 28.4 114.6 
1-' 

N2P1K3 117 24 60 12 71 60 47.3 21.5 19.7 104,1 --....) 

N . 
N2P2K1 158 36 85 19 72 56 60,1 30.1 29.7 127.8 



Table 5: Average result for the sweet corn experiment 1. (continued). 

Top Growth 

Total Tot.air- Number Height Height 
fresh dried Number of days of Length to base Highest 
weight weight Air- of days to plant of of point 

of of Fresh dried to tas- at tas- tassel- harvest of 
plant plant weight weight silk seling seling ing ear plant 

Treatment (g) (g) (g) (g) (em) (em) (em) (em) 

N2P2K2 116 27 67 16 67 56 57.8 23.8 21.9 116.0 

N2P2K3 149 31 77 17 72 56 46.9 32.7 25.2 134.3 

N2P
3

K1 131 36 78 24 74 54 65.7 28.1 18.8 115.0 

N2P3K2 155 36 81 22 79 58 62.9 29.6 26.1 115.8 

N2P3K3 175 38 97 20 70 56 54.1 27.4 31.4 127.1 

N3P1Kl 124 29 72 19 72 60 53.0 25~2 18.8 113.8 

N3PlK2 132 26 72 14 72 61 46.6 21.5 21.8 99.4 

N3PlK3 112 21 60 10 72 60 48.5 20.9 21.2 100.1 

N3P2K1 177 40 95 22 73 59 53.4 28.3 30.1 129.4 

N3P2K2 142 28 79 14 72 58 47.7 24.3 26.7 114.7 

N3P2K3 145 28 72 12 70 56 51.0 22.4 18.5 104.6 

46 106 60 62.2 
1-' 

N3P3K1 185 30 81 34.5 31.5 133.5 ---.) 

VJ 
• 

N3P3K2 188 40 100 21 71 57 69.4 27.4 29.0 129.0 

N3P3K3 160 34 88 18 68 58 65.8 21.7 27.6 112.0 



Table 5: Average result for the sweet corn experiment 1 (continued). 

Ear Growth Root Growth 

Fresh Air- Number Number 
weight Fresh dried Cob of rows of Air-
un- weight weight Dia- dia- of kernels Fresh dried 

husked husked husked Length meter meter kernels per ear weight weight 
Treatment (g) {g) (g) (em) (em) (em) (g) (g) 

NlPlK1 29 11 6 7·9 2.0 1.3 9 9 20 4 

NlP1K2 27 12 6 7·9 2.J 7·3 8 10 19 4 

N1P1K3 29 17 7 9·1 2.J 3·5 8 27 24 5 

N1P2K1 34 11 7 7·6 2.J 1.5 8 9 23 5 

N1P2K2 17 9 5 5·3 1.5 0.8 8 26 19 3 

N1P2K3 23 4 5 6.4 1.8 0.8 8 2 26 5 

N1P
3

K1 15 3 2 5·8 1.) 0.8 9 0 32 7 

N1P3K2 16 4 4 5·1 1.5 0.8 8 4 27 6 

N1P3K3 22 9 5 6.9 1.8 1.0 7 11 22 5 

N2P1K1 39 24 8 8.4 2.J 1.3 8 53 20 4 

N2P1K2 22 6 5 6.6 1.8 l.J 8 2 23 5 

N2PlK3 40 22 9 10.2 2.8 1.5 9 37 17 3 

N2P2Kl 41 28 10 10.4 J.O 1.5 8 68 32 7 t-J 
--...J 
+=" 

8 4 
. 

N2P2K2 29 11 7 7·1 2.3 1.5 9 20 



Table 5: Average result for the sweet corn experiment 1 (continued), 

Ear Growth Root Growth 

Fresh Air- Number Number 
weight Fresh dried Cob of rows of Air-
un- weight weight Dia- dia- of kernels Fresh dried 

husked husked husked Length meter meter kernels per ear weight weight 
Treatment (g) (g) (g) (em) (em) (em) (g) (g) 

N2P2K3 45 32 10 10.9 J.O 1.5 9 30 27 6 

N2P;Kl 26 11 6 7-1 1.8 0.8 8 9 27 6 

N2P3K2 42 21 8 9-4 2.J 1.J 9 24 32 6 

N2PJKJ 41 30 12 10.4 J.O 1.8 8 50 29 6 

N3P1K1 33 15 6 9.1 2.0 l.J 8 12 19 4 

N3P1K2 37 15 8 7·6 2.J 1.5 9 28 23 4 

N3PlK3 36 18 8 9.1 2.54 1.5 8 33 16 3 

N3P2K1 53 33 13 12.4 2.8 1.5 8 61 29 6 

N3P2K2 42 27 9 8.6 2.54 l.J 9 53 22 5 

N
3

P2K
3 59 39 13 10.9 J.O 1.5 8 61 22 4 

N3P3K1 45 30 9 8.9 2.0 1.3 9 52 34 8 

N3P3K2 57 38 14 11.7 J.O 1.5 9 73 31 5 
1--' 

N3PJKJ 46 32 13 10.2 J.O 1.8 8 54 26 3 
-....J 
\_n . 



Table 6: Average results for the sweet corn experiment 2. 

Top Growth 

Total Tot.a.ir- Height Number Height 
fresh dried Number of of days to base Highest 
weight weight Air- of days plant to of point 

of of Fresh dried to Tassel at tas- tassel- harvest of 
plant plant weight weight silk length seling ing ear plant 

Treatment (g) (g) (g) (g) (em) (em) (em) (em} 

NlPlKl 127.6 29.94 96.0 19.7 62,0 18.5 59.6 48 40.0 110.7 

NlP1K2 74.6 22,05 54.6 9.5 64.0 16.7 49.9 49 23.7 104.2 

N1P1K
3 

102,0 35.27 66.0 19.4 61.3 17.2 56.3 47 36.7 106.6 

NlP2K1 115.3 35.64 93.6 23.7 60.6 23.8 79.0 46 38.3 126,8 

NlP2K2 166.7 54.52 133.7 43.4 6).0 25.5 79.1 47 46.0 145.1 

N1P2K3 107.6 37.21 84.6 26.7 62.0 27.1 65.3 46 32.5 119.3 

N1P3K1 133.6 47.92 107,0 35.9 65.6 32.4 91.2 49 47.4 119.6 

NlP3K2 134.0 46.15 112.6 33.4 62.6 28.0 95.5 46 40.6 135.0 

N1P3K3 129.7 45.69 98.7 27.8 57.0 25.0 75.8 46 40.9 122.0 

N2P1Kl 120.3 37.09 69.0 11.8 56.0 21,0 63.9 48 35.2 110.1 

N2PlK2 102.6 25.59 74.6 16.2 63.3 21.3 52.0 48 33.9 107.4 
f-J 
--J 

161,6 N2P1K3 39.46 114.3 28.4 69.6. 23.1 57.0 49 30.5 127.3 0"\ . 



Treatment 

N2P2Kl 

N2P2K2 

N2P2K3 

N2P3Kl 

N P K~-

N2P3K3 

N3P1Kl 

N3PlK2 

N3PlK3 

N3P2Kl 

N3P2K2 

N3P2K3 

N3P3Kl 

N3P3K2 

N3P3K3 

Table 6: Average results for the sweet corn experiment 2 {continued). 

Total 
fresh 
weight 

of 
plant 

(g) 

162.6 

130.3 

144.0 

135.6 

168.0 

144.3 

138.0 

167.6 

145.6 

174.6 

159.0 

144.6 

145.3 

193.6 

155.0 

Tot.air
dried 

weight 
of 

plant 
(g) 

49.37 

39.77 

49.24 

45.72 

55.73 

42.65 

35.13 

40.11 

39.48 

45.11 

49.91 

39.74 

44,62 

48.68 

41.44 

Fresh 
weight 

(g) 

Air
dried 
weight 

(g) 

107.3 23.6 

87.7 20.3 

95.6 24.1 

87.0 25.8 

130.7 36.9 

101.6 24.8 

101.3 21.3 

119.0 22.3 

104.3 25.5 

114.0 23.3 

119.3 26.9 

80.0 16.8 

103.7 

120.0 

105.0 

26.5 

31.0 

24.2 

Top Growth_ 
Height Number Height 

of of days to base 
plant to of 

Number 
of days 

to 
silk 

Tassel at tas- tassel- harvest 
length seling ing ear 

(em) (em) {em) 

57.3 24.6 

58.6 22,8 

61.3 22.0 

57.0 23.5 

61.6 26.4 

61.0 26.5 

63,0 21.4 

62,6 21.9 

63.0 24.3 

60.3 23.8 

62.6 22,2 

54.6 25.0 

61.0 

58.3 

59.3 

24.8 

26.6 

26.0 

67.2 

75.0 

77.3 

62.3 

76.2 

77.4 

46.3 

65.5 

70.0 

60.9 

65.4 

74.5 

69.0 

74.5 

69.8 

46 

51 

46 

46 

46 

46 

46 

48 

49 

49 

48 

46 

45 

47 

46 

41.8 

36.5 

40.7 

39.5 

38.4 

37.3 

29.4 

36.4 

37.3 

38.6 

43.0 

38.3 

42.7 

33.3 

35.5 

Highest 
point 

of 
plant 

{em) 

127.5 

115.9 

127.4 

122-.8 

121.7 

129.8 

113.9 

122.1 

120.3 

121.1 

119.2 

118.1 

109.5 

106.5 

115.3 

I-' 
----.J 
----.J . 



Table 6: Average result for the sweet corn experiment 2 (continued). 

Root 
Ear Growth Growth 

Fresh Air- Number Number 
weight Fresh dried Cob of rows of Air-

un- weight weight Dia- dia- of kernels dried 
husked husked husked Length meter meter kernels per ear weight 

Treatment {g) (g) (g) (em) (em) (em) (g) 

NlPlKl 31.6 22.0 7.42 10.2 2.1 1.1 2 25.3 2.57 

NlPlK2 20,0 9.0 1.34 9.0 1.7 0,8 1 0,6 2.45 

NlPlK3 36.0 27.0 9.22 9.1 3.2 1.6 6.3 36.6 4.56 

NlP2Kl 21.6 16.6 3.12 10.2 2.3 1.2 4.3 30.6 4.62 

NlP2K2 33.0 18.0 3.08 12.3 2.3 1.2 3.0 10.3 4.19 

Nl P2K3 23.0 17.3 5.65 10.8 1.9 0.7 1.1 24.6 2.41 

NlP3Kl 26.6 18.6 3.62 9.1 2.1 0.9 1.6 10.3 5.89 

NlP3K2 21.3 15.0 4,88 9.2 2,4 1.1 3.3 19,0 6.57 

N1P
3

K
3 47.0 41.7 11.06 11.1 3.1 1.3 8.0 85.0 7.27 

N2P1Kl 51.3 48.0 18.88 12.0 3.4 1,4 8.3 88.3 2.77 

N2PlK2 28.0 18.0 5.52 8.9 2.1 1.2 5.3 21.6 3.08 

N2PlK3 47.3 27.6 2.96 12.7 2.5 1.2 0 0 6,00 
~ 

N2P2Kl 55.3 47.6 18.63 11.4 3.6 1.6 7.3 62.1 5.38 
-...,J 

co . 
N2P2K2 43.0 33.3 13.33 8.9 2,8 1.1 6.0 56.0 4.46 



Table 6: Average result for the sweet corn experiment 2 (continued). 

Root 
Ear Growth Growth 

Fresh Air- Number Number 
weight Fresh dried Cob of rows of Air-
un- weight weight Dia- dia- of kernels dried 

husked husked husked Length meter meter kernels per ear weight 
Treatment (g) (g) (g) (em) (em) (em) (g) 

N2P2K3 48.3 41.0 16.53 13.8 2.9 1.2 5.3 71.3 7.74 

N2P3K1 48.6 41.6 12.38 11.7 3.1 1.5 4.3 62.0 6.61 

N2P3K2 37.3 26.3 9.58 10.2 2,0 0,8 6.0 68.7 8,20 

N2P3K3 42.6 36.0 9.98 9.5 2.8 1.4 5.3 58.3 6.10 

N3P1Kl 36.6 27.0 7.79 10.6 2,6 1.1 2.0 23.6 3.83 

N3PlK2 48.6 33.0 9.32 12.4 2.9 1.2 4.3 41.6 6. 07 

N3P1K3 41.3 28.3 6,14 12.2 2.4 1.0 2.3 33.6 5.56 

N3P2K1 60,6 48.0 15.70 13.9 3.2 1.3 5.3 69.3 5.11 

N3P2K2 39.6 34.0 16.02 12.9 2.2 1.2 2.6 26.3 4.91 

N3P2K3 64.6 60.6 16.97 12.7 3.6 1.5 8.6 133.6 3.55 

N3P3Kl 41.7 30.0 8,02 10.5 2.7 1.1 2.0 48.3 6.51 

N3P3K2 73.6 65.6 22.77 14.1 3.6 1.3 8.6 123.6 4.15 
}-J 

42.6 
-...J 

N3P3K3 50.0 10.13 12.0 2.9 1.2 6,0 85.6 6.11 \.() . 



180. 

Appendix C 

Table 1: Final soil nutrient analysis levels in pounds 

Treatment 

NlP1Kl 

NlP1K2 

N1PlK3 

N1P2Kl 

N1P2K2 

N1P2K3 

N1P
3

K1 

N1P3K2 

N1P2K3 

N2P1K1 

N2P1K2 

N2P1K3 

N2P2K1 

N2P2K2 

N2P2K3 

N2P
3

K1 

N2P3K2 

N2P
3

K
3 

N3P1K1 

N3P1K2 

per acre for the first carrot trial. 

Fertilizer Nutrient levels in final analysis 
treatment" 

'),-

N-P2Q5-K20 

60-19-0 

60-19-115 

60-19-230 

60-44-0 

60-44-115 

60-44-230 

60-69-0 

60-69-115 

60-69-230 

120-19-0 

120-19-115 

120-19-230 

120-44-0 

120-44-115 

120-44-230 

120-69-0 

120-69-115 

120-69-230 

180-19-0 

180-19-115 

NO--N 
3 

0.67 

0.50 

0.50 

0.75 

0.50 

0.50 

0.50 

0.50 

0.67 

2.33 

5.61 

3.33 

1.00 

2.17 

2,00 

2.17 

2.00 

2.17 

11.31 

13.59 

NaHco
3
-p 

2.20 146.7 

2.93 180.0 

2.13 230.0 

7.40 155.0 

4.60 170.0 

3.20 190.0 

9.40 106.7 

10.50 150.0 

7.67 233.3 

1.87 133.3 

1.00 153.3 

2.13 226.7 

3.60 150.0 

4.53 173.3 

5.07 250.0 

10.00 126.7 

9.50 125.0 

8.67 223.3 

2.67 156.7 

2.67 206.7 



181. 

Table 1: Final soil nutrient analysis levels in pounds 

per acre for the first carrot trial (continued) 

Fertilizer Nutrient levels in final anallsis· 
Treatment + Treatment N-P 0 -K 0-3~ NO--N NaHC03-P NH40Ac-K 

2 5 2 3 

N3PlK3 180-19-230 28.67 2.93 .276. 7 

N3P2Kl 180-44-0 13.75 6.80 180.0 

N3P2K2 180-44-115 8.82 4.13 180.0 

N3P2K3 180-44-230 17.88 6. 60 215.0 

N3P3Kl 180-69-0 15.40 9.40 190.0 

N3P3K2 180-69-115 36.00 8.00 200.0 

N3P3K3 180-69-230 4.67 7.60 246.7 

All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied. 

The values listed for phosphate and potash are for the 

applied amounts only. 



182. 

Table 2: Final soil nutrient analysis levels in pounds 

per acre for the second carrot trial. 

Fertilizer Nutrient levels in final analysis 
treatment 

NH
4

0cc-K+ Treatment N-P 0 -K O* NO--N NaHc0
3

-P 
2 5 2 3 

NlPlKl 100-50-50 1.0 19.3 133.3 

NlPlK2 100-50-75 1.3 14.0 123.3 

NlPlK3 100-50-100 1.0 15.7 133.3 

NlP2Kl 100-100-50 1.0 23.0 143.3 

NlP2K2 100-100-75 1.0 20.0 133.3 

NlP2K3 100-100-100 1.3 20.7 140.0 

NlP3Kl 100-150-50 0,7 34.3 113.3 

NlP3K2 100-150-75 1.0 30.7 116.7 

NlP3K3 100-150-100 0.7 39.7 123.3 

N2P1Kl 200-50-50 7.7 18.0 126.7 

N2PlK2 200-50-75 2.0 12.3 140.0 

N2PlK3 200-50-100 1.0 11.7 126.7 

N2P2Kl 200-100-50 4.3 19.3 106.7 

N2P2K2 200-100-75 24.7 20,0 106.7 

N2P2K3 200-100-100 1.3 21.7 126.7 

N2P3Kl 200-150-50 2.3 29.7 113.3 

N2P3K2 200-150-75 12.7 33.7 100,0 

N2P2K3 200-150-100 2.7 25.3 126.7 

N3P1Kl 300-50-50 40.3 11.7 110.0 

N3PlK2 300-50-75 70.7 11.3 110.0 

N3PlK3 300-50-100 74.3 11.0 113.3 

N3P2K1 300-100-50 20.0 19.3 103.3 



183. 

Table 2: Final soil nutrient analysis levels in pounds 

per acre for the second carrot trial (continued) 

Fertilizer Nutrient levels in final analysis 
Treatment treatment * + N-P2o

5
-K

2
0 NO--N NaHc0

3
-P NH40Ac-K 

3 

N3P2K2 300-100-75 54.7 22.0 116.7 

N
3

P2K
3 

300-100-100 28.7 19.7 126.7 

N
2

P K 
3 1 

300-150-50 70.3 28.3 116.7 

N
3

P
3

K2 300-150-75 5.7 20.0 120.0 

N3P3K3 300-150-100 53.3 34.0 113.3 

~'" All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied. 

The values listed for phosphate and potash are for the 

applied amounts only. 



184. 

Table 3: Final soil nutrient analysis levels in pounds 

per acre for the first potato trial. 

.-.,-.....-... -.-.~~-.... -~~--
,...,_..__ _____ 

Fertilizer Nutrient levels in final anallsis 
treatment + • .K 

Treatment N-P 0 -K 0" NO -N NaHCO -P NH
4

0Ac-K 
2 5 2 3 3 

NlP1K1 100-50-50 2.0 17.7 196.7 

NlP1K2 100-50-75 1.3 15.0 176.7 

Nl p1 K3 100-50-100 1.3 16.3 160.0 

N1P2K2 100-100-75 2.0 19.7 206.7 

N P K 100-100-100 1.7 23.7 183.3 
1 2 3 

N1P
3

K
1 100-150-50 1.3 . 32.0 176.7 

N1P
3

K2 100-150-75 2.0 34.0 206.7 

N
1

P K 
3 3 

100-150-100 1.7 29.7 200.0 

N2PlK1 250-50-50 2.0 15.0 143.3 

N2P1K2 250-50-75 2.3 16.0 180.0 

N2P1K3 250-50-100 1.7 16.7 170.0 

N2P2K1 250-100-50 1.7 21.0 146.7 

N2P2K2 250-100-·75 1.7 24.0 200.0 

N2P2K
3 

250-100-100 2.0 28,0 186.7 

N2P3Kl 250-150-50 2.3 30.0 170.0 

N2P
3

K
2 250-150-75 2,0 29.3 146.7 

N2P
3

K
3 250-150-100 1.7 34.3 173.3 

N3P1Kl 400-50-50 5.7 18.7 143.3 

N3P1K2 400-50-75 5.0 18.3 173.3 

N3P1K3 400-50-100 19.0 13.7 140.0 

N3P2Kl 400-100-50 2.7 22.3 193.3 

NlP2Kl 100-100-50 1.3 24.0 180.0 



185. 

Table 3: Final soil nutrient analysis levels in pounds 

per acre for the first potato trial (continued). 

Fertilizer Nutrient levels in final analysis 
Treatment treatment 

N-P 2 0 5- K
2 

0 ~~ NO--N NaHC0
3

-P . + 
3 

NH40Ac-K 

N3P2K2 400-100-75 3.0 26.7 163.3 

N
3

P
2

K
3 

400-100-100 2.7 23.0 123.3 

N
3

P
3

K1 400-150-50 1.7 30.3 143.3 

N
3

P K 
3 2 

400-150-75 3.0 34.0 146.7 

N
3

P
3

K
3 

400-150-100 1.0 28.0 146.7 

~~ All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied. 

The values listed for phosphate and potash are for the 

applied amounts only. 
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Table 4: Final soil nutrient analysis level in pounds 

per acre. for the second potato trial. 

Fertilizer Nutrient levels in final analysis 
treatment 

Treatment N-P2o
5 

NO--N 
3 

NaHC0
3

-P 

NlPl 150-25 3.3 21.1 

N p 150-50 3.4 24.1 
1 2 

N1P
3 150-100 3.3 34.3 

N2Pl 200-25 3.4 20.3 

N2P2 200-50 3.1 22.1 

N2P
3 

200-100 3.3 31.1 

N
3

P
1 250-25 3.9 21.4 

N3P2. 250-50 3.1 23.0 

N3P3 250-100 3.3 31.9 

N4Pl 300-25 4.6 19.3 

N4P2 300-50 4.9 21.1 

N4P3 300-100 3.6 29.4 

All nitrogen values are the summation of the anginal 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied. 

The values listed for phosphate anci'·, are for the 

applied amounts only. 
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Table 5: Final soil nutrient analysis levels in pounds 

per acre for the first sweet corn trial. 

Fertilizer Nutrient levels in final analysis 

Treatment 
treatment + 

* -N-P 0 -K 0 NO -N NaHCO -P NH
4

0Ac-K 
2 5 2 3 3 

N P K 
1 1 1 40-26-0 1.0 10.0 310.0 

N1P1K2 40-26-116 1.3 6.7 290.0 

N1P1K3 40-26-232 1.0 8.7 410.0 

N1P2K1 40-56-0 1.7 13.7 293.3 

N1P2K2 40-56-116 1.0 10.7 313.3 

N1P2K3 40-56-232 1.7 11.3 376.7 

N1P3K1 4o-86-o 2.0 17.3 273.3 

N
1

P K 
3 2 

40-86-116 1.0 14.3 306.7 

N1P3K3 40-86-232 1.7 16.0 406.7 

N2P1Kl 80-26-o 3.3 8.3 283.3 

N2P1K2 80-26-116 2.0 5.7 363.3 

N2P1K3 80-26-232 1.0 6.3 340,0 

N2P2K1 80-56-0 1.7 13.7 350.0 

N2P2K2 80-56-116 3.3 6.7 320.0 

N2P2K3 80-56-232 1.0 10.7 383.3 

N2P3K1 86-86-0 1.7 16.3 290.0 

N2P3K2 80-86-116 2,0 15.7 296.7 

N2P
3

K
3 

80-86-232 2,0 13.3 300.0 

N3PlK1 120-26-o 7.7 7.0 310.0 

N3P1K2 120-26-116 7.0 6.0 316.7 



188. 

Table 5: Final soil nutrient analysis levels in pounds 

per acre for the first sweet corn trial (continued). 

Treatment 

N3P1K3 

N3P2Kl 

N3P2K2 

N3P2K3 

N3P3Kl 

N3P3K2 

N3P3K3 

Fertilizer 
treatment 
N-P 0 -K O~c-

2 5 2 

120-26-232 

120-56-0 

120-56-116 

120-56-232 

120-86-0 

120-86-116 

120-86-232 

Nutrient levels in final analysis 

23.7 6.3 

1.0 8.3 

9.3 10.3 

3.7 10.7 

2.3 15.0 

1.3 15.3 

1.0 16.7 

+ 
NH

4
0Ac-K 

426.7 

350.0 

313.3 

383.3 

240.0 

273.3 

353.3 

All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied. 

The values listed for phosphate and potash are for the 

applied amounts only. 



189. 

Table 6: Final soil nutrient analysis levels in pounds 

per acre for the second sweet corn trial • 

. ~---· 

Fertilizer Nutrient levels in final analysis 
treatment 

NH
4

0Ac-K+ Treatment N-P2o
5

-K
2

o* NO--N NaHC0
3

-P 
3 

NlPlKl 100-100-50 2.7 25.3 203.3 

N1P1K2 100-100-75 11.3 26.0 236.7 

N1P1K3 100-100-100 2.7 26.0 226.7 

N1P2K1 100-200-50 1.0 40.0 193.3 

N1P2K2 100-200-75 10.3 34.3 220.0 

N1P2K3 100-200-100 1.3 41.7 193.3 

N1P
3

K
1 100-300-50 1.3 76.0 190.0 

N
1

P
3

K
2 100-300-75 1.3 72.0 200.0 

N1P3K3 100-300-100 1.0 7 5. 3 213.3 

N2P1K1 200-100-50 25.7 20.7 193.3 

N2P1K2 200-100-75 36.0 21.3 203.3 

N2P1K3 200-100-100 10.3 21.3 233.3 

N2P2K1 200-200-50 3.3 50.7 213.3 

N2P2K2 200-200-75 12.0 50.3 203.3 

N2P2K3 200-200-100 3.0 44.7 213.3 

N2P3K1 200-300-50 3.0 53.3 183.3 

N2P3K2 200-300-75 4.7 68.0 186.7 

N2P3K3 200-300-100 12.0 78.0 210.0 

N
3

P
1

K
1 300-100-50 82.3 23.7 226.7 

N3P1K2 300-100-75 64.0 20.3 220.0 
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Table 6: Final soil nutrient analysis levels in pounds 

per acre for the second sweet corn trial (continued). 

Treatment 

N3P1K
3 

N3P2K1 
N3P2K2 
N3P2K3 
N3P3K1 

N3P3K2 

N3P3K3 

Fertilizer 
treatment 
N-P 0 -K o~-

2 5 2 

300-100-100 

300-200-50 

300-200-75 

300-200-100 

300-300-50 

300-300-75 

300-300-100 

Nutrient levels in final analysis 
NOJ-N NaHC03-P NH40Ac-K.! 

63.0 25.3 216.7 

39.3 49.6 193.3 

65.7 40.7 213.3 

50.7 39.7 190.0 

36.o 61.3 220.0 

26.7 79.3 183.3 

34.3 67.3 213.3 

* All nitrogen values are the summation of the original 

amounts of nitrate-nitrogen in the soil and the amount of 

nitrogen applied, 

The values listed for phosphate and ~tash are for ~he 

applied amounts only. 
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