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ABSTRACT 

Effect of Time and Rate of Application of Nitrogen on 

The Yield of the Mexican Wheat under the 

Semi -arid Conditions of Tunisia 

~ 

Habib M. Halila, Master of Science 

Utah State University, 1971 

Major Professor: Dr. D. W. James 

Department: Soil Science and Biometeorology 

The effect of the time and rate of application of nitrogen on the 

yield of high yielding varieties of wheat was studied under the semi

arid conditions of Northern Tunisia . 

Ana lysis of the experimental data showed that nitrogen increased the 

yie ld of wheat in most locations which were chosen for this experiment. 

In high rainfal l areas, late application of nitrogen (t ill ering, 

jointing stages) was more effective than early appl ications. The 

optimum yie ld was obtained by applying 90 kilograms of nitrogen per 

hectare. 

In the medium to low rainfall area, early applications (seeding 

time) were more effective than the late ones. The optimum yie ld was 

obtained by applying 67 kilograms of nitrogen per hectare. 

The yields varied from one location to another. This variability 

was found to be very dependent on the amount and distribution of the 

rainfall, thus moisture in the soil and the residual nitrogen. 

(53 pages) 



INTRODUCTION 

Tunisia is shaped something like an elongated quadrilateral . It 

has an area of approximately 50,000 square miles. It lies in the temper

ate zone, approximately between the thirty-seventh and the thirtieth 

north latitude and eighth and twelfth east latitude. The Atlas Mountain 

barrier which runs the length of North Africa from Morocco through 

Algeria into Tunisia diminishes in alt itude as it goes eastward but its 

summit divides Tun isia into two well-defined regions, a relatively well

watered and fertile Mediterranean north, known as the Tell, and an arid 

plateau region which starts in the center and becomes a desert in the 

extreme south as it merges with the Sahara. 

The major climatic influences in Tunisia are the Mediterranian and 

the Sahara. Summers are long and hot ; from May through September rain 

rarely fal l s. Winters are mild with moderate rainfall, decreasing from 

the northwest to the southeast. The rainfall ranges between a maximum 

of 1500 millimeters per year in the mountains of the northwest to a 

minimum of 150 millimeters per year in the south (Figure 1). 

Cereals are the principal product of Tunisian agriculture. The 

ten year average production of wheat is approxima tely 550,000 metric 

tons; two-thirds of the production is durum wheat, the rest bei ng tender 

(bread) wheat. The present Tunisian needs are 30,000 metric tons of 

durum wheat and 450,000 metric tons of bread wheat. Aware of this 

deficit between needs and production, the Tunisian officials have 

created a project for the increase of cereals production whose goal is 

to import and promote new high yielding varieties which have been 

developed in Mexico by Dr. Borlaug and his team. 
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These Mexican varieties were introduced into Tunisia in 1967 for 

simultaneous experimentation and farm demonstration. After prelim1nary 

experimental tests for two years by the agr1cultural research 1nstitute 

and two years of extensive demonstrations, these variet1es have shown 

good adaptability and good resistance to most diseases. In 1969-70, 50 

percent of the total soft wheat production was with the Mexican varieties; 

and these were planted on only 19 percent of the total acreage IACPP 

Report, 1968-F9). Behind this 1ncrease in the production there were 

two factors: 

1. High yielding potential of the new variety 

2. An increased use of n1trogen (N) fert1l1zer . 

Parker and Nelson 1966) reported that improved wheat varieties 

with high yield potential are of little significance unless they are 

grown on soil that is properly fertilized. Therefore, the necess1ty 

for an expanded and accelerated soil fertility and fertilizer use 

program was brought about by the 1ntroduction of these h1gh yielding, 

fertil izer responsive, semi-dwarf wheat varieties. This fertilizer 

program represents a major part in a demonstration program . Numerous 

experiments concerning fertilizer and especially nitrogen requ1rements 

of these new varieties were conducted . 

The main cbJective of thiS thes1s IS to summarize and analyze the 

results of these N fert1lizer experiments 1n order to determ1ne as 

accurately as poss1ble the optimum rates and the proper t1me of 

appl ication of N as needed for maximum production . 
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LITERATURE REVIEW 

With an increased use of nitrogen fertilizers and the 1ntroduction 

of the new Me xican varieties, Pakistan raised its wheat production from 

4.6 million tons in 1964 to about 8 .4 million tons in 1969 . Sim1larly, 

India increased production from 12 million tons in 1965 to over 20 mil

lion tons. Turkey doubled its production of wheat in the spr1ng wheat 

Mediterranian coasta l area over a four-year period. These phenomenal 

successes have been referred to as "the green revolution" (CIMMYT 

Report, 1969-70). Behind this so called "green revolution" stands two 

major factors, the efficient nitrogen use by the high yield potential 

varieties and an increased awareness of nitrogen fertilizer by the 

farmer (CIMMYT Report, 1969-70). 

These two factors are related to each other. Tisdale and Nelson 

wrote "under low fertility conditions a given variety may not be 

allowed to develop the fu ll potent1al. In fertile soils the new hig her 

yielding variety will deplete the soil more ra pidl y and yields will be 

depressed if nutrient supplements are not prov1ded." 

In Tunisia many factors have caused the wheat product1on to be low . 

They ere roughly grouped into two categor1es--climat1c factors and 

management factors. 

In the climatic factors there 1s the rainfall wh1ch is highly 

variable from year to year, and also during the growing season itself . 

The management factors include the lack of a fertil1zer use program and 

i nadequate farming practices . Some local varieties can produce a 

relatively high yield if they are fe r t1l1zed adequately (AC PP Report, 



1968-69) . Nitrogen as a fertilizer has not been used on wheat exten

sively, first because of its association with economic reasons and 

second , because of wheat susceptibility to lodging . The recent develop

ment of short stiff-strawed varieties such as Mexi can type by Borlaug 

promises to overcome this difficulty (Hucklesby et al . , 1971) and 

promises to overcome also the probl em of low production, providing they 

are given an adeq uate amount of nutr ie nt elements. The yield of semi

dwarf varieties with similar characteristics as the Mexican has been 

found to increase proportionately more than the tall spr1ng varieties 

and the net profits from t he semi-dwarf were nearly double those from 

tall spring wheats when both were fert i lized with N (Woodward, 1966) . 

Similar res ults have been found by comparing the yield of the seml

dwarf varieties and the local varieties under the same conditions in 

North Africa (Tunisia, ACPP Repo rt 68 and Morocco, Project Report, 

1968-69) and the Middle East (CIMMYT, 1969). 

Fuehring (1969) has fou nd that the grain yield of a Mexican semi

dwarf wheat (Pitic 62) when under irrigated conditions, was increased 

economically by N application (300 kg/ha) up to 9 metric tons/ha . 

While the N has been agreed on as the major facto r in increasing t he 

yield of wheat under favorable precipitation, the time of application 

is still an argued question. It depends largely on the moisture cvai l

able in the soil and on the rai nfall dur i ng the growing season (Leggett, 

1959) . 

Neiding and Snyder (1924) found that a high moisture content in a 

soil containing sufficient avai l able results in h1gh y1eld of wheat 

with high percentage of protein, while a low moisture content in the 

soil co ntaining an excess of available resu lts in a l ower yield of 



wheat but a higher protein content . Jackson, Reisenauer and Horner 

(1952) found similar results. 

A minimum available moisture percentage of about 30 must be 

maintained in the soi l for the production of maximum grain yield under 

optimum N (Fernandez and Laird, 1959) . 
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Many studies (Leggett, 1959) have been conducted in order to f1nd 

a correlation between the moisture available 1n the soil at seed1ng 

time, N applied and the yield of the wheat. These studies showed that 

the amount and pattern of the rainfall during the grow1ng season should 

be taken into consideration . 

Hallstead and Mathew (1936) showed that the depth to which the so1l 

was wet at seeding time has, on the average, borne a very close rela

tionship to the yield obtained but i ndicated that the soil mo1sture at 

planting time became a less reliable basis for predicting crop y1elds 

as the annual average precipitation decreased . Brengle and Greb (1963), 

working in eastern Colorado, found almost s1milar results but stated 

that it is impossible to predict the yield of wheat or the response to 

fertilizer on the basis of soil moisture at planting t1me . 

Based on crop sequence research in the Southern Hig h Pla 1ns, 

Army, Bond and VanDoren (1959) showed that 55 to 66 percent of the 

vari3bility in w~eat yields was attributable to var iab1l1ty 1n growing 

season precipitation . Large year-to-year varia tions in y1elds occurred 

because of the variations 1n amount and distribution of precip1tat1on . 

When N fertilizer was used, yields were increased over dry-land yields 

by two bushels per acre inch of irrigation water applied in dry season 

and two to three bushels per acre i nch in a wet season (Jensen and 

Sletten, 1965). 



Leggett (1959), doing the same type of work as Jensen but under 

dry- l and cond itions, indicated that four inches of water are requ1 red 

to grow the crop to the heading stage and that each additional inch 

increased the yield approximately six bushels per acre. 

Ramig and Rhoades (1963) demonstrated the importance of moisture 

at seeding time for assimilation of N by the crop by showing that N 

recovery increased from 30 to 50 percent as ava i l able soil moisture at 

seeding time increased from 0 to 8 inches. Their results 1ndicated 

also that the water use and water use efficiency increased as available 

moisture and rate of N increased. 

Al l the above studies showed clearly the importance of the amount 

of moisture which must be ava i lable to the plant during the growing 

season and the efficiency with which it is used by the crop. Therefore, 

ca re should be taken in order to store in the soil the maximum amount of 

moisture during the wet season. The amount stored i n th is manner 

depends on: 

l . The amount of rainfall received 

2. The fraction of rainfall that enters the soi l 

3. The water holding characteristics of the soil. 

The onl y one of these factors over which the farmer has any degree 

of control is the second, the fraction of rai nfall which enters the 

soil. This fraction can be i ncreased by practices wh ich (l) decrease 

runoff and erosion, and (2) decrease i n t he summer the loss of mo isture 

from the soil through evaporatio n. 

Many studies have been underta ken in order to find out which 

practices are the most effective for many crops. Jones et al . (1969) 

compared mulched treatments on tilled and non-tilled plots. 



8 

They found that the mulched treatments, regardless of the type of mulch, 

gave the lowest values for runoff and the highest values for so1 l water 

content and yield of corn. They also found that the no-tillage with 

the killed- sod type mu l ch treatment was the most effective i n reducing 

evapotranspirati on . 

Moody, Jones and Lill ard (1963) reac hed similar conclusions . They 

indicated that the avai lable soi l mo1sture of the mu l ched so1l averaged 

for the three-year experiment 28 percent higher i n July and 17 percent 

higher in August than the bare surface plot . 

Smika, Black and Greb (1969) indi cated that mulched soils contained 

more water and less N03-N at seeding than bare soi l s but gra i n yield 

responses to added N we re greater on bare soil than on mulched soil 

One of the important components governing grain yie ld is the number 

of heads produced per unit area which i n turn depends on the rate of 

seeding, rate of emergence, degree of ti ll ering, and on the survival of 

formed heads . Thus, effects that increase the amount of tillering pro

mote the pos si bility of reducing the seedi ng rate, whi ch 1s important 

when seed is expensive as with hybri d wheat , 

Wahab and Hussein (1957) found that N fertilizat io n at seeding time 

and under irrigated conditions 1ncreased the number of tillers per plant, 

number cf mature heads per plant, numbe r of grains per head, and the 

yield of grain per acre . Bed1nger (USAlD/ Rabat , 1970) has also found that 

N appl i ed at seeding time under dry-land condit io ns gave a good respo nse 

in plant tillering, whereas N, appl ied l ate, did not. 

On the co ntrary, Doll (1962) found that N fertilizer s applied to 

winter wheat at the time of fall seeding are frequently not as effect1ve 

as top-dressing in the follow i ng spring. That was under Kentucky 
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climatic conditions. The addition of N to wheat during the latter 

growth stages has been observed to increase grain prote1n but not 

necessarily yiel d or test weight (Gericke, 1922) . Blacket (1957) 

attributed a lack of response for fall applied N on wheat to a heavy 

rain (6 . 57") prior to germinat1on since a marked response was obtained 

for spring applications. The split applications in which half theN 

was applied at seeding and the remainder topdressed in February, 

resulted in higher yields of rye forage than when all theN was appl1ed 

at seeding. No rainfall data were reported for these experiments 

(Morris and Jackson, 1957). 

For the N to be most effective, P and other essential elements 

should be adequate. Various studies have ascertained the influence 

of adequate nutrients, such as P and N on the amount of t1llers . 

Boatwright and Viets (1966) used solution culture to study P absorpt1on 

during various growth stages of spring wheat; they found plant develop

ment was retarded when P was withheld for the first two weeks of growth . 

In a field study with spring wheat Boatwright and Haas (1961) 

found that when P was li miting N uptake may continue until the soft 

dough stage of grain development. They found also that the N content 

of grain was derived by the translocation from the stems, leaves and 

chaff. The tctal amourt of N in the plant decreased slightly from 

heading unt i l maturity while the gra1n N increased. They concluded 

that little or noN was absorbed from soil between heading and maturity 

if nitrogen and phosphorus are adequate throughout the season. 

According to Brengle and Greb (1963) spring applicat1ons of N 

should be made before the jointing stage , This agrees with N uptake 

presented by Boatwright and Haas (1961) . 
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METHODS AND t-'ATERI/\LS 

Locations 

A total of nine sites were selected for the fertilizer experiments . 

They are located in the Northern part of Tunisia w1thin the wheat 

growing area (Figure 2). 

The locations were chosen deliberately on private farms so that 

t hey serve al so as fertilizer demonstrations. The soil was silt loam 

to silt clay loam and deep in all the locations. The rainfall vaned 

from one location to another. The 1969-70 rainfall, the 50-year 

average and the previous crop for these locations are given i n Table 1. 

Experimental Design 

The experiments were set up 1n a randomized block design with 

t hree replicatio ns , five levels of nitrogen, and four t1mes of appli

ca t ion. The pl an of a typical field layout is given in Figure 3. 

Ferti l izer plots were 15 . 00 by 2.50 meters. Sixty plots were 

needed for each location. The total area for one experiment was 2250 m2 

with alleys. One meter border area was left between the plots. 

Paper bags attached to iron rods were used to 1dent1fy each 

pl ot by treatment and number for all plots and experiments . The 

treatments were applied as indicated i n the next section. For con

venience, letters will be used to designate the different treatments, 

i.e., "R" for rate of nitrogen, "T" for time of application. 
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Figure 2. Distr1bution of the experimental sites in the North of Tun1s i a . 
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Table 1. Location, characteristics of experimental sites, and fertilizer treatment rates 

Ra i nfall % Rate of fertilizer Har-
Rainfall 60-years Rainfall in Kg/ha Previous Seeding vest 

Location Region Farm 69- 70 average for crop date date 
mm mm 69-70 N P2o5 

1969 1970 

Lo Mateur Zaouch 734.9 653 112% 0, 33, 67, 90 Garlic 12/29 6/21 
90, 133 

L 1 Beja Borj 770.5 603 123% 0, 22, 45, 67 Legume ll /24 6/16 
Hamdoun 67, 90 

L2 Bou Marja II 539.7 483 112% 0, 22, 45, 67 Fall ow ll/18 6/17 
Salem 67, 90 

L3 Bou Zama 539.7 483 112% n, 22. 45, 67 Legume ll/18 6/17 
Salem 67, 90 

L4 Kef Oued 666 520 128% 0' 22, 45, 67 Fallow 12/27 6/24 
Rmal 67, 90 

L5 Goube 11 at Jehfa 578 331) 175% 0, 22, 45, 67 Fallow 11/13 6/03 
67, 90 

L6 Fahs Amel 813 384 212% 0, 22, 45, 67 Legume 12/5 6/09 
67, 90 

L7 Grombalia Bouchri k 345.2 490 70% 0, 22, 45, 67 Fa 11 ow 12/31 6/04 
67, 90 

La Tunis Morr.ag 463.1 449 103% 0, 22, 45, 67 Fall ow 12/15 6/11 
67, 90 

<:;; 
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Treatments 

Rates of nitrogen 

Two ranges of nitrogen were used, depending on t he rainfall, with 

five rates of nitrogen in each range . The ranges and rates are shown 

in Tabl e 2. 

Table 2. Rates of nitrogen used in the experiments 

Rates of nitrogen in kg/ha 
Nitrogen treatment Region of low and Region of hig h 

medium rainfall rainfall 

Rl 0 0 

~ 22 33 

~ 45 67 

~ 67 90 

~ ~ 133 

The source of nitrogen was ammonium nitrate (NH4N03) at 33.5% of N. 

Phosphate was uniformly applied one month before seeding at the rate of 

67 kg/ha of P205 for low rainfall region and 90 units per ha for high 

rainfall region. The source of phosphate was superphosphate (45% P205) 

Locat ion Lo was the only one in hig h ra infall region while lo cation~ L1 

through Ls were in the low and medium rainfall regions . 

Time of application 

Four appli cation times were used. They are shown in Table 3. 
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Tahlr 3. Appli cation times used in the experiments 

Tr edtmen t No . Time of appli cation 

All at seeding 

All at till eri ng 

Half at seeding, half at tillering 

All at joi nting 

At seeding, nitrogen was broadcast using a combination grain drill 

and fertilizer attachment . At tillering and jointing it was broadcast 

by hand on the surface without incorporation into the soil. 

Culture practices 

Tillage 

Preparation of the seedbed was done by the farmers themselves and 

with their equipment under the supervision of the Accelerated Cereals 

Production Project. 

Plots were either disked or sweep-plowed after harvest and disked 

during the summer to control weeds. In the fall they are plowed aga1n 

during the broadcasting of phosphate. 

Weed control 

All the experiments havi ng broadleaf weed problems were sprayed 

with 2,4-D . A concentration of 600 grams of active material per ha of 

2,4-D gave good weed control at most loca tions. 



l f 

Seeding and harvesting 

Seeding and harvest dates are given in Table l for each location " 

The rates of seeding were from 80 to 100 kg/ha . A stri p 1. 50 wide was 

harvested from each plot . The yield was then calculated for one hectare 

Inia 66 (Triticum aestivum, L) was the variety selected from previous 

variety trials . 
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RESULTS AND DISCUSSION 

lligh Rainfall Area - Location La 

The average yiel d res ults are presented in Table 4. The sta tis-

ti cal analysi s are in Table 5. 

Table 4. Average yield results for location Lo in quintals per ha 

Time of Rates of nitrogen in kg/ha Average 

application 0 33 67 90 133 for tirne 

Seeding 38.6 35 . 5 40 .2 37.6 36 8 37 7 

T i 11 eri ng 38 .6 41.9 44 .6 47.2 49.8 44 4 

Seeding-
tillering 40 . 2 40 .5 39 .8 41.8 40 .1 40 .5 

Jointing 38 .9 41.0 40.4 43.2 41.5 41 0 
-------------------------------------------------------------------- ---
Average 
for rate 39.1 39.7 41.3 42.5 42 .1 40 . 9 

LSD 0.05 1 evel = 3.36 
Time x rate 

LSD 0. 01 level = 4.52 

LSD 0. 05 level = 1. 49 
Time = 

LSD ().()1 level = 2. 00 

LSD 0. 05 level = 1. 68 
Rate = 

LSD 0. 01 level = 2. 25 



Table 5. Anal yses of varidnce -mean squares for all the locations 

Source of df Lo L l L2 L3 L4 L5 L6 L7 L8 variation 

Total 59 201.37 124.97 11 0. 56 155 .32 152 .16 426 .01 159.83 68.91 356.73 

Replications 2 38.96** 15. 58 51.70** 0.44 54 . 01 ** 123.52** 66.86* 14.89 94.97* 

Time 3 117.79** 19 . 31 32.65** 16.21 38.99** 75 . 68** 33.20 30.62* 95.44* 

Rate 4 24 . 97** 67.22** 15.57** 98.73** 48 . 72** 216.29** 36.05 7. 85 125.31** 

Time & rate 12 15.75** 12 . 78 10.32** 30 .17* 4. 96 3.53 8.35 B. 28 13 . 52 

Error 38 4.17 l 0. 07 0. 30 9. 77 5.48 6.99 15 . 37 7.27 27.49 

*Slgnificant at 0.05 level 
**Significant at 0.01 level 

00 



Table 5 indicates that there was a significant effect due to 

nitrogen on the grain yield. It indicates also that the time of 

application was more effective in determining the yield than the rate 

of nitrogen. 

The interaction between time of application an d rate of nitrogen 
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was also significant; howeve~ i t was not as effective as rate of nitro

gen or time of application taken separately. The least significant 

difference test (Table 4) showed that the tillering stage was the 

optimum time for applying nitrogen. Only nitrogen applied at tillering 

and jointing stages had some beneficial influence but no benefit could 

be attributed to the very early appl1 cat1on. This was also 1ndicated for 

the split application by the fact that the split appl1cat 1on yield 

increases were only as great as from the si ngle late appl1cation . 

For location L0, 1969 was an exceptional year as far as amount 

of rainfall is concerned. One hundred twelve percent of the normal 

rainfall fell during the tillering and jointing stage . There 1s no 

doubt that a favorable distribution of moisture accounted for most of 

the significant effects. 

The results are in agreement with those of Neiding and Snyder 

(1924) and Peterson (1952) and Doll (1962). Statistically, 90 kg of 

nitrogen applied at the tillering stage gave a much greater y1eld than 

133 kg applied at the seeding time . 

The yield increases were proportional to the amount of nitrogen 

applied at the tillering stage up to 90 kg . The average increase in 

yield from a 33 kg increment of nitrogen was 2.7 quintals. 
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Medium to Low Rainfall Area - L1 to LS 

The average yield results far locations L1 through La ore in Table 

6. The statistical analyses are in Table 5. 

The details of the grain yield results are for all the locations 

in the appendix, along with the table of the analysis of variance. 

Yields affected by nitrogen treatment 

Signifi cant yield increases due to nitrogen were recorded at s1x 

locations out of 8 (Table 5). Generally, nitrogen up to 67 kg/ha 

increased yield in all locations except 1n locations L5 and L7 (Table 

5). The non-effect of nitrogen on yield in LoLation 6 is more l1kely 

due to a high residual nitrogen in the soil accumuldted from the 

previous crop. Rainfall history indicated that th1s locat10n is 

usually not well watered and the n1trogen applied to the previous crop 

may not be used adequately. The year 1969 was a particularly wet year 

for L5. The rainfall was 212% of that of the normal. The high yield 

in the check plots and the non-effect of time of applicat1on for L5 

confirms this explanation (Table 6). 

In location L7 the exact opposite of that of L6 may be stated. 

Nitrogen had no effect on the yield and 1t lS likely to be due to a 

lack of an adequate ra~nfall for that year . In fdct '-7 rece,ved only 

70 percent of normal. Most of it fell 1n the fall before seed1ng. A 

small effect due to the time of application was recor·ded in L7 perhaps 

because of the relatively fair amount of t·ain which fell in the next 

two months after seeding and thus allowed the use of a part of the 

nitrogen applied at the seeding and tillering stages . 
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Table 6. Average yields for each 1 ocat ion in quintals/ha 

Treatments 
Ll L2 L3 L4 L5 L6 1.7 L8 

Time Rdte 

kg/ha 
0 20.8 51.8 47.4 18.0 18 .1 37.0 18. 5 24 . 3 

22 28.0 48.7 45 .3 21.3 22.1 43 .2 21.6 32.0 

Seeding 45 24. 6 51.2 46.3 20.6 25.2 44 .6 19 .8 31.8 

67 26.2 50.9 44 .1 23.7 26 . 7 45 . 7 19 5 35 4 

90 28.3 53.0 46.6 23 . 4 27 4 44 .4 21 3 32 6 
-------- -----------------------------------------------------------------

6 0 19. 2 50 . 7 35 8 21.9 16 . 1 42.8 20.1 24 

22 22 . 6 52.4 43.4 23.5 20.1 47 . 7 19 5 27.8 

Till eri ng 45 24.3 58 . 5 47.1 23.8 23.7 43 . 9 17 .9 30 3 

67 26.1 53 .4 46 .7 26.4 25 6 48 .4 19 0 33 2 

90 30 . 9 54.2 48 . 4 25.4 28.3 46 .8 18 8 34 5 
--------------------------- ------------------------------------·---------

0 23 . 9 50.4 42.0 18 . 2 13 5 44 .8 18 .8 25 

22 22 .3 53.0 45 .3 20 . 6 18 . 2 45 5 21 8 27 

Seeding -
ti 11 eri ng 45 22.4 50 . 9 44 . 7 22 . 0 22 .1 48 .2 23 7 32 0 

67 26 .2 50.3 52 0 22 .5 25.5 46.2 22 4 33.6 

90 25.2 54.0 46. 8 24. 1 26.4 46 9 24 ' 7 36 . 7 

----------------------------------------- ----------------------------- ---
0 20.0 48 .1 37.3 15.7 13.6 43.8 20 9 24 9 

22 22 . 1 51.4 45 .7 23.2 18 . 2 45 . 6 20 1 25 . 6 

Jo~nting 45 23.5 51.4 41.6 ?.1. 7 19 . 3 45 . 0 22 3 25 3 

67 24 .1 51.1 48 .0 20 . 7 20.9 45 . 9 21 . 8 25 . 9 

90 24.3 50.2 48 .4 20. 9 21.6 45. 5 22.5 27.5 
---- ---------------------------------------------------------------------

LSD 5% 5.24 0.89 5. 16 3.86 4. 35 6.48 4. 45 8. 67 

LSD 1% 7.02 1.19 6. 92 5.16 5.83 8. 68 5.97 11.61 
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For the rest of the locations, nitrogen increased the yield. All 

of the location received a good amount of rain in 1969, which ranged 

from 100 percent to 175 percent of the normal amount The average 

yields in locations L1, L4, L5 and L8 were much lower than those of 

l ocations L2 and L3 (Table 6). Average yields obtained from the check 

plots of L2 and L3 were al most double of those obtained from the check 

plots L1, L4, L5 and L8. This may be accounted for by the residual 

nitrogen, which was pr·obably much higher in L2 and L3 than 1n L1, L4, 

L5 and Ls. Besides the fact that rainfall was not lacking that year, 

distribution probably played a big role in these differences . L2 and 

L3 (Figure 2) were in the same ra i nfa 11 area; t hey have rece 1 ved the 

same amount of rain with the same d1stribution wh1ch was fairly good 

in these two locations . Sixty percent of the rain fell between the 

seeding time and the harvest. Rainfall distribution data were not 

availa bl e for l ocat ions L1, L4, L5 and Ls. 

The l east significant difference test (Table 7) indicates that 

45 kg of nitrogen per ha were needed to give optimum y1eld 1n one 

l ocation and 90 kg were needed in two locations. fn one location, 

t here was no difference in increasing yield between the rates of 67 kg 

and 90 kg of nitrogen . There was a 1 so no difference between the rate> 

of 22, 45 , 67 , and 90 kg of n't<ogen in dffect.1ng the yield 1n two 

locations . All this variability between loca tions and their respectively 

optimum rates was due to the vanability in precipitation and variability 

i n t he cro p history for ea ch locat ion (Leggett, 1959; Jackson et al . , 

1952; and Army et al. , 1959). 

The observa t ion of the average yields (lable 6) for each location 

i ndicates that where the soil was low in nitrogen as indicated by the 

yie l ds of check plots, the heavier rates of nitrogen have given the 
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maximum y ield, while for the locat ion where the soil had a fai rly high 

dlnou rlt of residual nitrogen, the smaller rates were r·equired. 

Table 7 Average yields as affected by r·ate s of nit rogen i n quintd l s/ha 

0 20.9 50 . 3 40 .6 18 5 15 3 42 1 19 b 24 . 7 

22 23.8 51.4 44 . 9 22.2 19 . 7 45 . 5 20 .8 28 3 

45 23.7 53.0 44 9 22 . 0 22 . 6 45.4 20 9 29 3 

67 25.7 51.4 47.8 23 . 3 24.7 46.6 20 7 32 0 

90 27.2 52.9 47.6 23 5 25.9 45.9 21 8 32 8 

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

LSD 5% 2. 61 0.44 2.57 1.92 2. 16 3.24 2 22 4 33 

LSD 1% 3.50 0.59 3.44 2.57 2.90 4.34 2 98 5.80 

There must be a fairly good corr·elation between the rain falling 

during the growi ng season, moi sture 1n the soi I before seed1ng, res1dual 

nitrogen and nitrogen applied (Neiding and Snyder, 1924; Le~gett, 1959; 

Fernandez and Laird, 1959; and Hallstead and Mathew, 193~) 

In al l the l ocations the fir st 22 kg increnrent uf nltroyen, regard-

les~ of the time of application, gctve the hlghest increase rn yield 

ra ng1ng fro m 1.1 to 4. 4 quintals/ha w1t h an average uf I .5 qu111tals/t1a 

(Tabl e 7). The a ~erage yields for each lo cation indicate that the optimum 

rate wa s 67 kg/ ha whi ch gave an increase In y 1eld ranging from l 19 to 

9.4 quintal s/ ha with an average of 5.4 qu1ntals / ha. 



Effect of the time of application on the yield 

The effect on yield of the time of application of nitrogen was 

significant at the 1 percent level only in three locations. At the 
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5 percent level it was significant in two locations while in the other 

three locations, it was not significant (Table 5) . 

This variability in the effect of time of application was expected 

since it follows closely the pattern and vanabi"l ity 1n the rainfall 

(Leggett, 1959; and Peterson, 1952). The rainfall varies from a max

imum of 770 mm to a minimum of 345 mm for the grm~th year . 

In all the locations, the early application (seeding, t1ller ing, 

and seeding-tillering) had a beneficial effect . Little or no benefit 

could be attributed to the late application (jointing) as indicated by 

the fact that the split application yield increases were only as great 

as from the early appli cation (Table 8) . It is likely that there 15 

not enough rainfall to carry nitrogen to the root zone after the Jo1nt1ng 

application. It was thought that the early application w1th an opt1mum 

moisture content in the soil would increase yields while the late 

application with low moisture content in the soil would increase the 

protein content and thus the qual i ty of the wheat (Neiding and Snyder, 

1924; and Peterson, 1952). Nitrogen uptake by the plant decred;es 

slightly from head i ng until maturity wh i le the grain nitrogen, thu; the 

protein content, increases (Boatwright and Viets, 1961; and Brengle and 

Greb, 1963) . No protein data on the wheat has been made available yet . 

The average yields for each location indicate that the early 

applications (seeding, tillering, seeding-tillering) are the opt1mum 

times with a slight advantage for the seedi ng and t he seed1 ng-t1ller1ng 

applications. Each application has some advantages . In the fall and 
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at the seeding time, t he land is usually easy to get on and the nitrogen 

can be appl ied anytime . During the tillering stage, the so1l and 

climate conditions may not be favorable. The fertilizer must be broad-

cast when the foliage is dry so that the fertilizer will not adhere to 

the pl ant and ca use burning (Peterson, 1952) . 

Table 8. Average yields as affected by time of applicat1on 1n quintals/ 
ha 

Time of 
appl ication 

Seeding 

Ti 11 eri ng 

Seeding-
ti 11 eri ng 

Jointing 

LSD 5% 

LSD 1% 

Ll L2 L3 L4 L5 L6 L7 L8 

25 .5 51.1 45.9 21.4 23.9 43 .0 20 1 31.2 

24 .6 53.8 44.3 24.2 22.8 45 .9 19 1 30. 1 

24 .0 51.7 56 . 2 21.5 21.1 46 .3 22.3 31.0 

22 .8 50 . 4 44.2 20 . 4 18.7 45.2 21 5 25 8 

2.37 0.40 2.30 1.72 1. 94 2.87 1 96 3.86 

3.17 0.54 3.09 2.30 2. 60 3 85 2 63 5 18 

Split application (seeding-tillering) seems to have both the advan

tage of early application and the disadvantage of the tiller1ng appl1-

cat io~ , but it has an overall advantage 1n that It otfers the grower, 

besides applying Nat seeding time (Ram ig and Rhoades, 1963; Hallstead 

and Mathew, 1936), an opportunity to evaluate the so1l mo1sturP. condl

tions . This evaluation offers him an opportunity to adJUSt the rate . 

In other words, more fle xibility is offered him in managing his cro p. 
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Interaction ti me of application x nit roge n applied 

The interaction effect was only significant in 2 locations, one at 

the l percent 1 eve l , the second at the 5 percent level . These two 

locat ions are L2 and L3 and are in the same area and had the same amount 

and dist ri but i on of rai nfa ll. The least significant difference (Table 6) 

for these two locations showed that 67 kg of N/ha applied rather early 

gave the optimum yield . 

Although the interact ion is not statistically significant in all the 

locatio ns , the average yields (Table 6) indicate that in all the locations 

67 kg of nitrogen per ha appl ied ea rly during the growth stages gave the 

optimum yie ld . In no location the late application (jointing) gave the 

optimum yield . 

Method of Application 

Some studies have shown that the method of application of the fer 

tilizer may be more important than the time of appl1cation. Laboratory 

work showed that nitrog en ca n be lost in the form of gaseous ammonia 

when the fertilizer was applied on the soi l . The degree of loss depends 

on the nitrogen carrier and the tillage practices after the application 

of the fertilizer . 

Nelsen et al. (1966) found that cult1pack1ng the so1l after apply1ng 

the fertil izers resulted in higher wheat y1elds than deep d1sk1ng and 

cultipacki ng, or deep spring-tooth harrowing and cultipack1ng the so1l. 

They expl ained t his by the fact t hat t he nitrogen car r iers were brought 

into the soi l surface layer by the latter two tillage methods. Nelson 

et al. (1966) found al so that ammonium nitrate and calcium nitrate when 

topdressed in the fal l and spring yielded more than when shanked 1n the 



fall. An interaction with methods of application and N rates of 

ammonium sulfate occurred . Topdressed ammonium sulfate in the spring 

was less effective than shanking the material at lower rates of N 

applicat ion . They we re working on rill-irrigated Gaines wheat 

Combined Analysis of Variance for Grouped Locat1ons 
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All the experiments in all the locations were identical in struc

ture. This type of experimentation is usually undertaken in the hope 

that the resu lts can be appl ied in practi cal farming . These results, 

if they are to be used, must be valid for at least several seasons in 

the future and over a reasonably large area (Cochran and Cox, 1968) . 

In experiments designed to lead to t he best management pract1ces, 

we wi sh to know whether there is a consistent superiority of certain 

treatments for different circumstances . To achieve th1s, a comb1ned 

ana lysis of variance can be computed. The test would indicate whether 

the responses to treatment have varied with the external cond1tions of 

the experiment. However , this type of analys1s is open to quest1on 

and criticism. A main criticism concerns the assumption that the 

experimental error variances are the same in al l experiments . Such 

assumption i s seldom attainable in experiments dealing with crops 

because the natural variability among p1eces of land at one place 

differs from that at other places. Despite this, some conclus1ons can 

be drawn as far as possi ble from this analysis (Cochran and Co..<, 1968). 

In the experiments conducted here, a combined analySIS was 

attempted to two groups of locations . The grouping was based on the 

rainfall of the 1969-70 year. One group consisted of the locations 

which received more than 50 mm of rainfall and the second cons1sted 
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of those wh ich received less than 500 mm. The dist ribut1on of locations 

was as follows: 

More than 

Ll 

L2 

L3 

L4 

L5 

L6 

500 mm Less than 500 mm 

L7 

Ls 

The combined analysis of variance for the two groups are shown in 

Tables 9 and 10 . It is important to notice that the exper1mental error 

has a certain heterogeneity as well as the interactions varia nces among 

the locati ons (Table 5). The erro r varied from a value of 0.30 (L2) to 

a value of 27 . 09 (L8). The results showed a s izeable value for locations 

and the i nteraction of location x time x rate for both groups. 

Table 9 indicates a substantial difference among treatment and 

l ocations, yet interactions are negligible exce pt only for the three

way interact ion of location x rate x time . This 1nteract1on is U5ually 

difficult to interpret though 1t indicates that some other tactor> are 

involved besides the rate and time in affecting the y1elds 

In Table 10, the F-rat io fo r the treatments and Interactions are 

highly significant, the big rat1o for the three-way interaction 1~, 

again, d1fficu l t to inter pret, however it indicates that there are some 

external factors (rain fall amount and d1stribut ion, soil type, etc 

which affected the yield other than the treatments rate and time 
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Table 9. Combined analysis of variance for locations rece1ving more than 
500 1m1 of rain = L1, L2, L3, L4, L5 and L6 

Source of Degree of Sum of Mean sum "F" value 
variances freedom squares of squares 

Total 289 2,215,770.74 48,164.39 

Locations 57,021.89 11 ,404. 37 927.93** 

Replications 2 624.25 312.12 25.39 

Time 3 307.14 102.38 8. 33** 

Rate 4 1 ,553 . 14 388.28 31 . 59** 

Rate x time 12 180.44 15 . 03 1 .22 

Location x time 15 341.06 22.73 1.84 

Location x rate 20 377.29 18,86 l. 53 

Location x rate x time 60 2,153,300.36 35,888.33 2,920.12** 

Error 168 2,065.17 12 .29 

**Significant at the 0. 01 level. 
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Table 10. Combined ana lysis of variance for l ocations with less than 
50fl mm of rai n = L7 and L8 

Source of Degree of Sum of Mean sum "F" value 
freedom squares of squares 

Total 113 78, lfl0.fl2 9,048.31 

Locations 2,542,89 2,542 .89 195 0 00** 

Replications 2 219.72 109.86 8.42 

Time 3 183.64 61.21 4.69** 

Rate 4 349.95 87.48 6.70** 

Time x rate 13 128.82 10.13 0.82 

Location x time 3 194.57 64.85 4.97** 

Locat ion x rate 4 182 0 71 45.67 3.50** 

Location x rate x time 12 73,358.21 6,113 .18 468 .80** 

Error 72 939.51 13.04 

**Significant at the 0. 01 level . 
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SUMMARY AND CONCLUSIONS 

A nitrogen tri al on Mex ica n wheat variety, Inia 66, was con-

ducted in 9 different locations. Two ra nges of nitrogen rate we re used . 

0, 33, 67, 90 and 133 kg per ha was the ra nge used for hi gh rainfa ll 

area and 0, 22 , 45, 67 and 90 was the second ra nge used for the medium 

to low rainfal l area. 

N was found to increase the Mexican wheat yield. The opti mum rate 

and time of applicatio n depend on the rainfall . 

In the medium to low rainfall area, ear ly applications (seedi ng, 

tillering) were more effective on the yie ld increase than the later ones; 

67 kg of N per ha applied early gave the optimum yield . 

In the high rainfall area, early N applications had no effect on 

yield while late appli cations increased yield, 90 kg of N per ha 

appl ied at the t i llering and late r gave the optimum yield . 

Split application could be more easily accepted by the Tunisian 

farmer since it gives him more flexib ility in deci ding whether or not 

he has to apply the second application by evaluating hi s soi l moisture 

content and, therefore, gives hi m a stronger security feeling in that he 

is not risking his money by applying nitrogen whi ch will not have any 

effect on his production. 

By using the variety, Inia 66, yield was significantl y increased, 

yields obtai ned were 55 percent higher than the yield of the local 

sta ndard vari ety (Florence-Aurore ). In order to reach the goal set for 

the Tun i sia n wheat producti on, t hat is, to become self-suffic ient in 



soft wheat production, more land should be seeded with these high 

yielding varieties under good cro p management. 

Implications for further research 
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The results of this work indicate that the wheat yield is influenced 

not only by the rate and time of N application, but also by some other 

factors, e.g., residual N, moisture in the soil and amount and dlstri

bution of the rain during the growth season. These factors complement 

each other in determining the yield, and they are related to each other 

by a close relationship. Some more research work should be done under 

dryland and irrigated conditions in order to determine a formula for 

this relationship. Such kind of formula will allow us to pred1ct the 

yield by knowing the variables affecting it, thus allow us a better 

management of the crop in order to obtain a good production in the 

optimum economical conditions. The big lines for future research might 

be: 

1. Determine the relation between yield and available moisture 

in the soil. 

2. Determine the relation between the yield and available 

nitrogen for the crop. 

3. Determine which varieties are the most adapted to Tun1sian 

climatic conditions under irrigation . 

4. Study the nutrient requirements of the varieties under 

irrigated conditions. 
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Table 11. Grain yields in quinta l s/ha for location Lo 

Time of Repli- Rates of nitrogen in kg/ha 
application cation 0 33 67 90 133 

Seeding 40.0 36.4 37.7 38.2 36.0 

2 37.3 36.0 47 .1 40.4 40.0 

3 38.6 34.2 36 .0 34.2 34.6 

Tillering 38.6 40.4 44.4 44.8 50.2 

2 42.6 42.2 44.8 48.0 50.6 

3 34.6 43.1 44.8 48.8 48.8 

Seeding-tillering 39.5 39.1 40 . 0 44.0 39.5 

2 41.7 41.3 39.5 40.8 40.4 

3 39 .5 41.3 40 .0 40.8 40 . 4 

Jointing 41.3 38.2 42.2 44 .4 41.3 

2 40.0 43 . 5 40.8 43 . 1 44.8 

3 35.5 41.3 38.2 42.2 38.6 

Table lla. Analysis of variance for location Lo 

Sources of Degrees of Sum of 
variance freedom squares 

Mean sum "P" va 1 ue 
of squares 

Total 59 

Replications 2 77 . 92 38.96 9.3** 

Time 3 353.37 117.79 28 .24** 

Rate 4 119 .90 24.97 5. 98** 

Time x rate 12 189.'15 15. 7 5 3. 77** 

Error 38 158.77 4.17 

*Significant at 0.05 level. 
**Siqnificant at 0.01 level. 
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Table 12 . Grain yields in quintals/ha for location L1 

Time of Repli- Rates of nitrogen in kg/ha 
application cation 0 22 45 67 90 

Seeding 15.5 28.4 24.0 26.6 28.9 

2 26.2 28.9 28 .4 28.9 27.5 

3 19 .5 26.6 21.3 23. l 28.4 

Till eri ng 20.9 22.6 25.8 28.0 33.7 

2 18.6 23.1 24.4 25.8 32.0 

3 18 .2 22.2 22.6 24.4 27.1 

Seeding-tillering 20.0 20.4 21.8 24.4 20.0 

2 25.8 23.5 23 . 1 29.3 33.3 

3 25.8 23.1 22.2 24.9 22.2 

Jointing 23.1 26.6 26.6 26.6 20.0 

2 17.3 17.8 21.8 23.1 23.5 

3 19.5 21.8 22.2 22.6 29.3 

Table l2a. Analysis of variance for location Ll 

So urces of Degrees of Sum of Mean sum "P" va·l ue variance freedom squares of squares 

Total 59 849.18 

Replication 2 31.17 15.58 l. 54 

Time 3 57.93 19.31 1. 91 

Rate 4 268.90 67.22 6.67** 

Time x rate 12 153 .36 12.78 1.26 

Error 38 382.82 10 .07 

*Significant at 0.05 level. 
**Significant at 0.01 l eve1. 
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Table 13. Grain yields in quintals/ha for l ocation L2 

Time of Repli- Rates of nitrogen in kg/ha 
appli cation cation 0 22 45 67 90 

Seeding 54.2 52.4 52.8 48.8 53 . 7 

2 56 .8 50.2 53.3 54.6 52.4 

3 44 . 4 43 .5 47.5 49. 3 52.8 

Ti ll ering 52.8 57.3 62.6 54.6 55.1 

2 51.9 48. 0 61.3 52.4 57 .3 

3 47 .5 51.9 51.5 53 .3 50.2 

Seedi ng-t i llering 47 .l 45.3 49.7 51.1 56.4 

2 55 . 4 55.9 51.1 51.1 52.4 

3 48.8 57.7 51.9 48 .8 53.3 

Jointing 45.7 51.1 55 .5 54. 2 53.7 

2 50.2 55.1 48.4 47. 5 44.0 

3 48.4 48.0 50 .2 51.5 48.0 

Table l 3a. Analysis of variance for location L2 

Sources of Degrees of Sum of Mean sum "P" value 
variance freedom sq uares of squares 

Total 59 399.21 

Repli ca tions 2 l 03.41 51.70 172. 23** 

Time 3 97.96 32.65 108 .83** 

Rate 4 62.30 15 . 57 51 . 91** 

Time x rate 12 123 .87 10 .32 86.00** 

Error 38 ll. 67 0.32 

*Significant at 0. 05 level . 
**Significa nt at 0.01 1 evel. 
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Table 14 . Grain yields in quintals/ha for location L3 

Time of Repli - Rates of nitrogen in kg/ha 
application cation 0 22 45 67 90 

Seeding 48.8 51.9 48.8 48.0 47.5 

2 47.1 44.0 41.7 41.3 44.0 

3 40.0 40.0 48.4 43 .1 48.4 

Till eri ng 40.0 37.3 48.4 42.6 42.6 

2 36.4 43.5 49.7 47.5 49.3 

3 31.1 49 .3 43 . 1 50.6 53 . 3 

Seedi ng-tillering 37.7 49.7 45.3 51.5 53.7 

2 41.3 39.1 43.5 51.1 41.3 

3 47.1 47.1 45 .3 53.3 45.3 

Jointing 28.9 44 . 4 40 .4 44.4 49 . 7 

2 40.0 48.0 51.9 50.2 50.2 

3 43.1 44.8 32.4 49.3 45.3 

Table 14a. Analysis of variance for location L3 

Sources of Degrees of Sum of Mean sum ~~pu value 
variance freedom squares of squares 

Total 59 

Replications 2 0. 89 0.44 0.04 

Time 3 48.65 16.21 l. 65 

Rate 4 394.93 98.73 1 0. 10** 

Time x rate 12 362.12 30.17 3.08* 

Error 38 34 1. 33 9. 77 

*Significant at 0.05 level . 
**S ignifi ca nt at 0.01 1 evel . 
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Tab l e 15. Gra in yields in quintal s/ ha for locat ion L4 

Time of Repl i- Rates of nit ro gen in kg/ha 
application cation 0 22 45 !i7 go 

Seeding 17.3 20.9 20 . 0 22.? 22 .? 

2 18.2 22.6 17.8 22 .2 23 . 5 

3 18.6 20 .4 24.0 26.6 24.4 

Till eri ng 17 .3 18.2 22.2 24. o 22.2 

2 22.2 20 .4 2~ . 0 25.8 24 . 2 

3 26.2 32.0 25.3 29.3 29.7 

Seeding-ti llering 17.8 20.0 22.6 22.6 24.9 

2 16 . 0 17. 8 20.0 20.9 23.1 

3 20.9 24.0 23.5 24.0 24.4 

Jointing 13.8 20.4 20 .4 20.4 21.8 

2 17 .8 25.8 22.6 22.6 20.0 

3 15.5 23.5 22.2 19 .1 20.9 

Tabl e l5a . Analysis of variance for l ocation L4 

Sources of Degrees of Sum of Mean sum "P" value 
variance freedom squares of squa res 

Tot al 59 687.95 

Replications 2 l 08.02 54 .01 9.85** 

Time 3 116.98 38 . 99 7. 11 ** 

Rate 4 194 .88 48.72 8.89** 

Time x rate 12 59.63 4.96 0.90 

Error 38 208.44 5.48 

*Significant at 0.05 level. 
**Significant at 0.01 level . 
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Td bl e lli. G1·a in yi elds in quintal s/ha for l ocation L5 

Time of Rep l i- Rate s of nitrogen in kg/ha 
appli ca tion cation 0 22 45 67 90 

Seeding 20 . 9 20.4 23.1 24.0 26.6 

2 12.0 20.0 23 . 5 24 . 0 25 . 3 

3 21.3 25.8 28 . 9 32 . 0 30 . 2 

Ti 11 ering 13.3 20.0 20 . 0 24 . 0 28.0 

2 13.3 17 .8 24.9 25.3 28.0 

3 21. 8 22. 6 26.2 27.1 28.9 

Seeding-til l ering 16.4 19.5 24.9 26.2 30.2 

2 9.3 14.7 17 . 3 24 .9 23. 1 

3 14 .7 20 . 4 24.0 25.3 25.8 

Joi nting 11.5 17.8 20.0 24.0 24.0 

2 9.3 17.3 16 .9 16.4 15. 5 

3 20.0 19.5 20.9 22.2 25.3 

Table 16a. Analysis of variance for l ocat ion L5 

Sources of Degrees of Sum of Mean sum "P 11 value 
variance freed om squares of squares 

Total 59 1647 .43 

Repli cations 2 247 . 05 123.52 17.67H 

Time 3 227 . 06 75.68 10. 82** 

Rat E' 4 865 .19 216.29 30. 94** 

Time x rate 12 42 . 39 3. 53 0.50 

Er ror 38 

*Significant at 0. 05 1 evel. 
**Signifi cant at 0.01 1 evel . 
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Table 17 . Grain yiel ds in qu intal s/ha for location L0 

Time of Repl i- Rates of nitrogen in kg / ha 
application cat ion 0 22 45 67 90 

Seeding 31.5 40 .0 41. 3 44.0 43.1 

2 44 .0 48.8 48. 4 49 .7 51.1 

3 35.5 40 .8 44.0 43.5 39. 1 

Ti 11 eri ng 42.6 44.4 41. 3 47 . 5 48 .8 

2 44.4 48.0 45.7 45.3 46.2 

3 41.3 50.6 44 .8 52 . 4 45 .3 

Seeding-tillering 45.7 43.1 45.7 42 .2 40.0 

2 44 .4 46.2 48.8 47.1 50.6 

3 44 .4 47 . l 50 .2 49.3 50.2 

Jointing 48 .8 48 .8 45 .3 51.1 48 .0 

2 45.7 45.3 45.7 50.2 48.4 

3 36.9 42.6 44.0 36. 4 40.0 

Table l7a. Analysis of variance for locat ion L6 

Sources of Degrees of Sum of Mean sum upu value 
variance freedom squares of squares 

Total 59 l 062.06 

Repli cations 2 133.72 66.86 4.35* 

Time 3 99.60 33.20 2. 16 

Rate 4 144.22 36 . 05 2. 34 

Time x rate 12 l 00.27 8.35 0.57 

Error 38 584.25 15 .37 
*Significa nt at 0.05 level . 

**Signif ica nt at 0.01 level . 
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Table 18. Grain yields in quintals/ha for loca tion L7 

Time of Repli- Rates of nitrogen in kg/ha 
application cation 0 22 45 157 90 

Seeding 18.6 20.0 19 .5 18.2 19 .1 

2 16.4 23.5 24.0 20.9 23.1 

3 20.4 21.3 16 .0 19 .5 21.8 

Ti 11 eri ng 20.0 17.3 20 . 4 17 .8 19 .5 

2 19.1 25.3 15.5 21.8 20.4 

3 21.3 16.0 17.8 17.3 16.4 

Seeding-ti 11ering 22.2 23.1 24.0 27.5 26.2 

2 20 .9 22.2 24.0 17. 8 25.8 

3 13.3 20.0 23.1 21.8 22.2 

Jointing 22.2 20.9 22.2 17.8 24.9 

2 16.9 20.0 24. 4 26.2 20.0 

3 23.5 19 .5 20.4 21.3 22.6 

Table 18a. Analysis of variance for location L7 

Sources of Degrees of Sum of Mean sum "P" value variance freedom squares of squa res 

Total 59 528.91 

Replications 2 29.78 14 .89 2.04 

Time 3 91.88 30.62 4.21* 

Rate 4 31.42 7.85 l. 07 

Time x rate 12 99.39 8. 28 l. 13 

Error 38 276.44 7.27 

*Significant at 0.05 l evel. 
**Significant at 0.01 level . 
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Table 19. Grain yields in quinta l s/ha for location L8 

Time of Repli- Rates of nitrogen in kg/ha 
application cation 0 22 45 67 90 

Seeding 30.6 35.1 32 .9 36.4 35. 1 

2 21.3 32.4 36.0 40.0 30 .6 

3 20.9 28. 4 26.6 29.7 32.0 

Till eri ng 23.5 22.2 31.5 36 .0 40.8 

2 26.2 28.9 33.3 36.0 33.7 

3 24.0 32.4 26 .2 27.5 28.9 

Seeding-tilleri ng 26.2 28.9 34.2 35 .5 40.4 

2 27.5 23.5 34.2 33.3 36.9 

3 21.8 30.6 27.5 32.0 32.9 

Jointing 25.8 25.8 23.0 22.6 30.6 

2 28.4 31.5 26.6 27.5 26.6 

3 20.4 19.5 26.2 27.5 25.3 

Table l9a. Analysis of variance for l ocation La 

Sources of Degrees of Sum of Mean sum upll value 
variance freedom squares of squares 

Total 59 2184 . 57 

Replicatio ns 2 189 . 94 94.97 3.45* 

Time 3 286.32 95.44 3.47* 

Rate 4 501.24 125. 31 4.55** 

Time x rate 12 162.30 13.52 0.49 

Error 38 l 044.77 27.49 

*Significa nt at 0.05 l evel. 
**Significant at 0.01 level. 
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