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THE I LtJENQE ITR0GEN Ii EXTENDING 
THí GRAZIFG SEßON 01 ?0UR GRetS SPECIES 

INTRODUCTI JN 

The main criticism or pastures as a source o 

anima]. nutrients is that they iai1 to provide the 

grazinb animal with an adeqate supply or high quality 

forage over suiiciently long period of the year. 

Because or this "seasoal" production of both dry- 

land and Irrigated pastures, the rations o. grazing 

animals have to be rrequently supplemented by other 

feedstuffs such as hay, grain and silage. These 

supplementary feedstrrs, under nost conditions in 

Australia (8, p. 13) cost at least four times, and 

often ten times, nore per food unit than forage grown 

and grazed in the paddock. It is therefore conceiv- 

able that where hand ieeding plays a major role in 

livestock production, reed costs couJ.d be ¿reatly re- 

duced if nore of the expensive coserved feeds could 

be replaced by the much cheaper pasture. tteapts were 

made at the University of Sydney' s experineALt rarm at 

Badgery's Creek near Sydney, stralia, to achieve this 

saving in feed costs by studying the production pattern 

of an irriated perennial ryerass (Loliuni perenne L.) 

and white clover (Trifolium repens L.) pasture and de- 

termining how the production pattern of this pasture 

could be economically improved by the skillful use of 
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nitrogenous and other Cort11izers. The details or tlìiß 

investiation are reported hero. 

The ßadery's creek investigation snowed that the 

early sprint. production £roa the pere.inial ryerass- 
white clover pasture could be economically iniproved bi.t 

the late autitn production was little affected by the 

treatnent imposed. This led to iurther investigations 

on the production of late autumn and early winter forage 

(Li, p. 3, 6, p. 17, 7, p. 8) which showed that high 

autuinn rorage production could be obtained, under these 

conditions, from annually sod-sown cerea1. 
However, it would be ci.eaper and easier to provide 

additional auturi feed from a perennial grass than an 

autumn sown annual, i. a suitable perennial grass species 

could be round wnicrì, when properly managed in the 

autn, could eficient1y use nitrogen fertilizer for 
the production of late autumn forage. 

The experiment conducted at the ilyslop Agronoi 

?arm o; Oregon State College at Corvallis was designed 

to study the effects of different nitrogen carriers 
applied at different rates and in different orrns on the 

late autumn production of perennial ryegrass and three 

other perennial species which are of importance or po- 

teritial importance in parts of Uot Oregon, J. S. i. 
and New South Wales, Australia. 
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The to Lield exporitnezits described here are di- 

rected towards findinìg ways and means oi economically 

extending the grazing season or irrigated perennial 

J)a8trez through the use oi nitroenous fertilizer and 

special purpose perennial grass specIes. Each experi- 

ment 18 complementary to the other. The first, con- 

ducted at Badgcr'y's Crook neir Sydney, Australia, studies 

the erfect oc nitro,on fertilizer on the annual produc- 

tion pattern of a perennial ryerass-white clover pasture 

and delineates the value and limitations of this method 

of extending the grazing seasons. The second, conducted 

at Hyslop Agronomy i'arrn, Corvallis, Oregon, J. . A., 

attempts to rind out how the limitations of the £irst 

method (low autumn response to nitrogen by perennial 

ryegrass) might be overcome b' using different perennial 

species, nitroen carriers and methods of application. 



REV IE O LI TERAT LJRE 

Because legume& have to photosynthesize oarboìiy- 

drates .or t& ue oi' ti.eir root nod1e bacteria, as well 

as ror theiizelves (23j, one would expect tuìat well adapted 

crass species 8upplied with fertilizer nitrogelA would out- 

yield eqal1y well adapted legumes not supplied with corn- 

niercial nitroL;en. ?urtherrnore, it would be expected that 

during late auturnn, wthter and spring, when a shortage of 

light commonly restricts photosynthssis, the superiority 

of the growth rate of the grass with nitrogen over the 

legume without nitrogen, would be still more marked. In 

broad principle, there would then appear to be scope for 

increasing the late autumn, winter and early spring pro- 

duction of grass-legume pastures by the use of nitro- 
genous fertilizers. 

However, the literature on the eiTect oi nitro- 
enous fertilizers on tue production patterns oi grass- 

clover Liixtures sho'bs no coisistant relationships, the 

results obtaïned iii any oae case depeidin on the par- 

ticular conditions of t1i experLiìen ad aore espe3ially 

the suitability of the gras3 and clover for the particu- 

lar environment (1, p. 13-12; 2, . l3-1; 3, p. lö-22; 

L, p. 260-262; , p. 163-l; 1), p. 2L3-2)4.; 20, p. 237). 

The literature concerriin the response patterns of 



ixtures containing perennial ryegrasa or wI.ite clover, 

are £uore pertinent to the problen at Badgery's Creek. 

Hughes and vaaa (13, p. 6l-61i) an 1ieeler (22, 

p. 201), working independently at two different loca- 

tions in kngland on perennial ryegrass-white clover 

sheep pastures, both concluded that nitrogenous f erti- 

lizers bad the effect of markedly increasing ti'e early 

spring production of their pastures bu barely altering 

autumn production. liowe'ier, Davies and Hilliams (10, 

p. 1,321), iii siwamMizing the effect of nitrogenous 

rrti1zers on ßngliah pastures, the bulk of which are 

perennial ryera8s doninant, concluded that the average 

response to early sprin applications of nitroenous 

fertilizers was of the same order as that obtained over 

the whole season. 

In North America, Crowder, Sell and Parker (9, 

p. 2-Li..), working in Georgia, J. S. A., found that 

nitroenous fertilizers failed to increase the autumn 

production of an oats-rregrass-crimson clover pasture, 

but greatly increased its spring production. Gardener 

(12, p. 2L), working with a perennial ryegrass-orcbard- 

grass-ladino white clover pasture ori Vancouver Island, 

Canada, found that nitroenous fertilizer increased the 

early spring production of forage but had little effect 

during the remainder of the year. 



Crowder, Soll and Parker (9, p. 52-5L.) v'ero also 

able to correlate the response of oats-ryerass-crimson 

clover nixtures to nit 'oenous 'ertilizers in late 

autumn and early spriri' with the rainall and tempera- 

turo conditions at those times, but their data could not 

be used directly to predict the pattern of response of 

a white clover-perennial ryegrass pasture at Badgery's 

Creek. 

The only means of satisfaotoril determining the 

response pattern of a white clover-ryerass irrigated 

pasture at l3adgery's Creek to nitrogenous and other 

fertilizers seemed to be to conduct a field plot ex- 

perirnent. Such an experiment is described here. 
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£XPERIMINTAL METHODS 

Part I. Experiment at Badgerj's Creek 

Experimental Site 

The experiment was conducted on the McGarvie Smith 

Animal Husbandry .L?arui of the University of Sydney, which 

is located at Badery's Creek, some 36 miles southwest 

of the city of Sydney, New South Vales, Australia. 

The 3011$ on this property have been described as 

grey-brown podsolios. They Lave a heavy clay surface 

and are underlain by aix impermeable lateritic band at 
one to three feet. Thed re acid in reaction (pli .2 

average), low in organic matter, high in free sodium 

and grossly deficient in nitrogen and phosphorus. The 

addition of molybdenum is also necessary for the active 

growth of leunes on these soils. 
The paddock in which the experiment was conducted 

had, until l9., been repeatedly cropped to oats for 

about 30 years, without the use of fertilizer, and was 

very low in fertility. In ii'ebruary l9S, the tall 
summer growing grasses (mainly of the genera Diitaria, 
Echinochloa and Paspalum) which had grown as volunteer 

species iii the 19. fallow, were disoed in. After one 

further cultivation, the paddock was re-seeded with a 
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roller-drill on .tpril 12, l95. The seed mixture corn- 

prised: 

£ew Zea1aid certified red clover 

(Trioliuni2ratense L.) 3 lbs. per acre 

New Zealand certified white clover l lbs. per acre 

Tallarook subterranean clover 

(Trifoliurn subterraiewn L.) 2 lbs. per acre 

New Zealand certified perennial 

ryerass 12 lbs. per acre 

This 8eed mixture was sown in contact with a super- 

phosphate, mo1ybdernìi, carbonate of lime fertilizer iix- 

ture which supplied O lbs. of 93 lbs. of CaCO3 

and 1 oz. of M003 per acre. 

The site selected for the experiiaent was a uniform 

area on the crest of a gentle slope between the 130- and 

190-feet contours in paddock number 16. 

Experiment.i1 Desii and Treatments 

There was fragmentary evidence that possible re- 

sponses to nitrogen might be restricted by an excess of 

sodium in this soil. ?urther:nore, it was not known how 

long the existing reserves of phosphorus in this soil 

would supply the needs of grasses supplied with repeated 

higher levels of nitrogen. In order to determine whether 



sodium excess or phosphorus deficiency did in fact re- 
strict the response of ryegrass to nitrogen topdressing, 
the experiment was designed on a 2 x 2 factorial base. 

The four treatment combinations were: 

(1) l2 lb. P2O with no gypsum sdmbolized P12G0 

(2) 2O lb. PO with 1 ton of gypsum symbolized 

(3) 2O lb. P2O with no gypsum symbolized 2O0o 
(Lj.) 250 lb. P205 with 1 ton o gypsum xymbolized 

P20G1 

These treatments were replicated four times in a 

randomized blok design. All of tLo experimental treat- 
ments here imposed as topdressings on the previosly 
described paddock basal tretmext. 

The four nitrogen treat:ierts, all applied as sul- 
phate of ammonia with 20 per cent nitrogen, vere applied 
as randomly arranged sub-plot treatments ou each of tie 
14 main plots. 

These ere 

(1) No sulphate of ammonia s, mbolized No 

(2) u1phate of aninonia at 112 lb/acre or 
nitrogen at 23 lb/acre symbolized id 

(3) Sulphate of ammonia at 22L. lb/acre or 

nitrogen at L.6 lb/acre symbolized N2 
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(Li.) Sulphate of anonia at L4 lb/ac1e or 

nitrogen at 92 lb/acre snolized NL. 

The main plot treatments were applied only once at 

the comnencenient of the experiment on May 16, l95. 
The subplot sulphate of ammonia treatiuents were 

applied iirst On May 23, l9 and repeated ined1ately 

after each subsequent sampling occasion on August 16, 

September 20, ìovember i and December 2d, i95 and 

L?ebruary 16, April 3, and May 22, 196. 

perimental Layout 

The 16 main plots, each 20 Lt. x 20 Lt., were 

arranged iii two adjacent columns of eight plots with a 

10-foot wide headland between them, along which the 

sprinkler irrigation line was placed. The overall di- 

¡ilensions of the experimental area ere 160 ft. x 0 ft. 
and each block of four main plots had dimensions of 

140 ft. x 0 ft. 
The sub-plots imposed on the main plot each had 

dimensions of 5 ft. x 20 ft. This arrngomont insured 

that all plots were equidistant from the irrigation 
spray lino. 
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Irrigation 

The experimental area was sprinkler irrigated 
immediately a.Lter each app1ic.tiou oi iiitrogen iertili- 
zer ¿nd between applications, accordiìg to rainfall and 

tenperature. A water balance &ieet was kept for this 
paddock, according to t1e standards set ip by il. L. 

.kermian (16, p. 13-1L) and tne plots were sprinkler 

irrigated with l.Of inches o water as soo as a soil- 
moisture deficit of l.O inches was reached, according 

to the balance sheet. The figure of l.O inches was 

taken as the "allowable dei'icit" because this represen- 

ted half the moistt.re holding capacity of the top 12 

inches of this soil. This would ensure, as far as 

possible, that the growth of the pasture was not limited 
by a shortage of water. 

The 8prirlklOr irrigations were generally applied 

over a five-hotu' period during the night, so as to re- 

duce wind drift aid moisture lose by evaporation and 

run-or L. 

Temperatur e 

A meteorologic1 station was located at the saine 

altitude as the experimental site and only OO feet 
away. The monthly mean maximum and mean minimum 
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teknperatures recorded in the atandard meteorological 

screen during the period or the experiment and the 

1-year monthly average 4.'or the same location are 

given in Table 1. 

Sampling 

The sub-plots were sampled at approximately six 

weekly intervals by cutting out rrom the center of each 

sub-plot a strip 20 ft. 1on and 3 ft. wide with an 

autosythe. Cutting height was one inch above ground 

level. 
ach herbage s&iple was then weighed green and 

10 per cent or 2000 gram sub-sample was drawn Lor de- 

termining botanical codlposition, dry matter ¡ield and 

crude protein content. 

After botanical separation, the sub-samples were 

dried at 87° C. for 2L hours and weit;hed, The dry 

matter yields of the various sub-plots were then. cal- 
culated from the moisture loss of the sub-sariles and 

the green weight yield per sample. 

Kjeldahl nitrogen determinations were made in du- 

plicate from ground samples prepared by bulking the 

dried sub-samples of all four replicates of each treat- 
ment. Crude protein was calculated as total per cent 

nitrogen multiplied b 6.2g. 



Table i 
Mean monthly inaximuni and minimum screen tenpera- 
tures at Badgery's Creek f ro;a May 1955 to August 
1956 and 15-year averages for sano location in 
degrees ?ahrenheit. 

iIeaxi hlonth 
ar av 

an 
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Minimum 
year av. 

1955 
May 65.3 76.3 L7.1 L5.2 

June 60.9 62.9 4d. L3.l 

July 62.2 61.3 36.2 )4.3 

August 66.5 63.7 14.0 L2.O 

September 71.1 69.9 L.3.2 

OctoLer 714.8 7L.2 L19.O 51.1 

November ¿30.2 79.Lj. 52.2 

December 78.5 83.2 56.5 59.1 

1956 
January 87.9 3L..2 61.1 60.8 

february 77.2 c32.2 63.6 62.1 

March 78.5 79.0 63.5 59.0 

pri1 75.8 73.9 51.8 51.5 

May 66.1 76.c L6.5 

June 62.J 62.9 4.l 3.0 

July 61.2 61.8 36.6 L0.1 

August 6L.l 63.7 39.3 L.1.9 



There were seven 8aIflpUfl occasions: Auut 16, 

September 20, ovomber 1, and Decenber 23, 1955; 

february 16, May 22, and August 6, 1956. A further 
groip of samples were to have been taken on pri1 3, 
196, bt this sample was 1ot Lhroun cows brea1dn 

through the fence the day before. 

There were seven groups of data derived froi sani- 

p1in the 6Lj. sub-plots on seven occasions. 

Imxnediate1 after each field aamp1ìn occasion, the 

unsanipled areas of each plot were mowed to the same level 

as the sampled areas and all herbage was raked off the 

plots. 
At tue conclusion of the experiment, on august 6, 

1956, in order to determine the effect of the repeated 
applications of sulphate of ammonia ori the pli of the 

surface soil, five random O-3" fresh soil samples were 

drawn from each of the 6Li. sub-plots. bach set of ive 

samples were bulked, dried and ground, and the pH was 

determined at a 2:1 water to soil ratio by means of a 

¿lass-calomei electrode. 



Part II. xporiinent at Hyslop Agronomy darm 

The experiment at Badgers' s Creek showed that the 

autwnn response in perennial ryegrass to sulphate of 

wnmonia was small and uneconomic. This experiment was 

designed to examine the hypothesis that other perennial 

¿rass species may give a better autumn response to 

applied nitroen and that this response night be in- 

fluenced by the nitrogen carrier used and tue way in 

which it is applied. 

Experimental Site 

This experiment was conducted at the 1-lyslop Agronomy 

?arm of Uregon Stato Universitî, Corvallis, Oregon. The 

soil type was a il1&aette silt clay loam with a p1-i oi 

6.3. 

The experimental site had grown a red clover green 

manure crop in l97 and was Lallowed in l98-9. It was 

disc-harrowed twice in September l99 and tooth-harrowec 

and rolled in preparation for seeding. 

Experimental Design and Treatments 

The experiment was planned in order to study the 

e.fect of nitroen fertilizers applied in different ways 

and at different rates on the autumn production of four 

established perennial grass species. 
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To do this, it ws necessary to sow the grasses 

about one year before the nitrogen treutinents were im- 

posed. Hence, the four grass species were sown in three 

randomized blocks on September 20, 199 by means of a 

push-type hand-seeder with 60 lb. of 2205 per acre. 

Species Treatments 

The four species compared in this investigation were 

selected because they are each useful or potentially use- 

ful as perennial grasses in irrigated and dryland pas- 

tures in both western Jreon and eastern iew South Viales. 

Thej were: 

1. Oregon perennial ryegrass (Lolium perenne L.), a 

ryegrass ecotype, probably derived fro northern Europe, 

which has, over more than fifty years, become well adapted 

to the conditions of the southern part of the vvillaniette 

Valley. In clipping experiments carried out near or- 

valija, this strain, although rnorphologically diifereiit, 

has consistently given similar yields to New Zealand cor- 

tified perennial ryegrass. It is rearded as beiL1 agroil- 

oxnically similar to iew Zealand perennial ryegrass, the 

species used in the first part of this investigation at 

Eadgery's Creek, Australia. It is tiLe standard reco i- 

mended variety of perennial ryegrass for forao pro- 
duction in Oregon. In this experiment it was seeded at 
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2 lb. per acre. 

j 2. Harding grass (Phalaris tuberosa Haca.), a 

strain from Turkey numbered P. I. 2L., 950 and obtained 

via plant introduction, Experiment, Georgia. This 

strain has been increased in Oregon for further study 

because of its freedom from leaf diseases. it has some 

potential value in both western Oregon and eastern 

Australia. it was seeded at 1 lb. per acre. 

3. Orchardgrass (Dactylis Elonierata L.), strain 
number S-l)43, selected at elsh Plant 3reeding station, 
nberystwyth, Great Britain iii. 1950 and grown in western 

Oreon and elsewhere as a roeìiended variety for both 

forage and seed production in dryland and irrigated 
pastures. It is also grown in eastern Australia. It 
was seeded at 12 lb. per acre. 

L. Alta tall fescue grass (..estuca arundinacea 

Schreb.), a tall fescue ecotype selected at Corvallis in 

1927 from material previously introduced from Germany. 

It is a standard recomiended variety for both dryland and 

irrigated pastures in Oregon and elsewhere and is being 

carefully studied in eastern Australia. It was seeded at 
12 lb. per acre. 

These four species were randomly arranged in each of 

three replicated blocks, diving te1ve main plots. All 
headlands and the land imnediately adjoining all plots 



was sowi with chewinds Lescue (.i?estuca rubra comaiutata L.) 

to reduce border ef.eet, prevent weed invasion, and pro- 

vide areas for handling experimental equipment. 

Rains in late September l99 erîn.tnated seed in al]. 

plots, but caused an invasion by annual bluegrass (koa 

annua L.) 

In June 1960, all plots were clipped to control weeds, 

the clipped residue being raked off tue plot area. 

On August 9, 1960, all plots were hand-weeded and 

the next day thej were mori, raked, and irrigated with 

approximately one inch of water through a spray line. 
t this tizne all species showed extreme nitrogen de- 

ficiency sy.iptoms. Two three-inch irrigations were 

applied to all plots on August 12 and 16. 

Nitro.en erti1izer Tretments 

The effect of two rates o nitrogenous fertilizer 
(L15 lbs. and 90 lbs. of por acre) in combination with 

three means of application (as arnmoiium nitrate pellets 
topdressed, as urea pellets topdressed, and as urea 

applied ialf as pellets initially end half as a liquid 

spray treatment six weeks later) on the production and 

nitrogen recovery of the four different grasses, was 

studied by imposing seven nitrogen treatments (six with 
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N and one nil N control) on each or the four ¡nain plot 

species treatments. The sub-plots, each 7 it, by 20 ft., 

had their nitrogen treatments assigned to them at random 

on each main plot. 

The nitrogen sub-plot treatments, applied on 

August 18, 1960, were: 

1. No nitrogen, symbolized No. 

2. Pelleted anoniwu nitrate topdressed at L5 lb. 

of N per acre or 195 graTis of 33% N fertilizer 

for sub-plot, symbolized NL5A. 

3. Polleted ammonium nitre topdressed at 90 lb. 

of N per acre or 390 grams per sub-plot, sym- 

bolizod 

14.. Pelleted urea topdressed at ¿45 lb. N per acre 

or 1!i.3 grams of Lj.6% N fertilizer per sub-plot, 

symbolized N5U. 

5. Pelleted urea topdressed at 90 lb. N per acre 

or 286 grams of !i6% N fertilizer per sub-plot, 

sjnb. lized N9OU. 

6. Pelleted urea applied at 
.i.5 lb. N per acre, half 

as solid urea on August 18 and half as a 1% 

foliage spray on Septenber 1, 1960, symbolized 

NL5L. 



7. Pelleted urea apj.lied at 90 lb. N per acre, hair 

as solid urea on August 18 and half as a 

fol1ae spray on September 1, 1960, 8mbOlized 

90. 
Immediately aftei' the solid fertilizers were applied 

on August l, all plots were given l. inches of irriga- 
tion. No irrigation was applied until lL days after the 

urea spray treatraentc. 

Experimental Layout 

The twelve main plots, each 0 x 20 feet, were 

arranged in six coluirns with two plots per colux!u1 and a 

s-foot wide heacland between each co1umn 

Each block consisted of four main plots and two 
columns and had overall dimensions of 100 x L5 feet. 
The experimental area was 100 x l feet. Tuero was a 

total of 7 x 12 or 8L. 8Ub-plots. 

Irrigation and Rainfall 

Sprinkler irrigation was applied, accordinj to the 

standards 8et up by II. L. Periman (16, p. l20-l2) in an 

effort to ensure that, during the period of this expon- 
ment, moisture was not limiting forage production. In 
this case, with deep soil Of high moisture holding capa- 
city and deep-rooted grasses, the "allowable deficit" 
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was taken as three inches. 

À summary of the raina11, irrigation and evapora- 

tion records for the period of the experiment is given 

in Table 2. 

Table 2 

Rainfall, irrigation and evaporation record 
for the experimental site at Hyslop Agronomy 
iarm from August 12 to Jctober 20, 1960. 

1onth Rainfall Irrigation Total Evaporation 
1960 (inches) (inches) (inches) (inches) 

August .6L4. 7.0 8.1L. 6.E7 

September .2 3.00 3.2 L1.72 

Jetober 2.2 -- 2.52 2.29 

Totals 3.68 10.O 1L.13 13.88 

The evaporation data were f ro:n a standard pan 

evaporimeter which was read daily. As evaporation from 

a free water surface a1ns exceeds evaporation from a 

pastLre (16, p. 1L13-1L), it is evident from the above 

£igres that water was lu adequate spp1y throizghout 

the period of this experiment. 

Temperature 

The Oregon State University meteorological recording 

station is situated near the experimental site. The mon- 

thly mean maximum and mean rniniinwn temperatures recorded 
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in the standard meteorolo4cal screen during the period 

of the expo rinent and the 2-ear monthly average for 

the saine period and location are iven in Table 3. 

Table 3 

Mean monthly axixnum and minimum screen tempera- 
tures at Hyslop Aronomy i'ariu f roni August to 
October 1960 and 2-year averages for same lo- 
cation in degrees 'ahrenheit. 

sean Mont 
ar av 

August 8.O 30.9 

September 7.7 76.7 

October 6.3 6h..? 

Sanp1ing 

ar av 

L19.1 51.14. 

L6.9 14.8.85 

141.7 14.3.5 

The 814. sub-plots were sampled three times for her- 

bage yield by cutting out from each 20 feet by 7 feet sub- 

plot a 20 feet by 3 feet strip of herbage with an auto- 

scythe which cut to a height of approximately one inch. 

The green weight of this sample was determined in the 

field and a sub-sample of about lOOu rams was drawn, 

weighed green, transported to the laboratory, dried for 

two days at approximately 87° 0., re-weighed and then 

used for Kjeldahl nitrogen determination. 

The field plot yield in crama of dry matDe was cal- 

culated from the original green eight and the moisture 
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loss from the sb-samp1e on drying. 

¿or the purpo8e or Kjeldahl nitrogen determinations, 

the dried sb-samp1es of each of the three replicates for 

any one treatiient were bulked and ground. Percentage 

nitrogen was then determined in duplicate on each of the 

28 treatnents on each sampling occasion. 

There were three amplirìg occasions. On September 

114., a strip 3 feet by 20 feet was takenì .rom one side 

of each sub-plot. the data derived from this sampling 

were called group (1) data. 

Jn October 19, a similar strip was re-cut fron the 

saíne part of the plot as was previously cut on September 

1L. The data derived fron this sampling were called 

group (2) data and the yields obtained represented plot 
regrowths £roi September 114. to October 19, 1960. 

On October 20, another strip of the same size was 

cut from the other previously uncut side of eacuì plot. 
The data derived from this sampling were called group 

(3) data and the yields obtained representad growth 

for the whole period f rom August 13 to October 20. 

The sum of the yields for each plot on sampling 

occasions ìo. i and 2 represented the total yield from 

each plot for the whole priod August 18 to October 20 

on the basis of two cuttings. This group of derived 

data were called group (Lp) data. 
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EXPERIMENTAL RES ULT S 

Part t. Experiment at Badgery's Creek 

A. Yield of Dry Matter 

The rnea dry matter y.elds of the four nitrogen or 

sulphate of ammonia sLib-treatments at each of the seven 

sampling occasions are presented in Table j.. 

fable Lj. 

Mean yield of nitgen or sulphate of ammonia 
sub-treatments in pounds of dry matter per 
acre at each sampling period. 

L.S.D. L.S,D. 
Sampling Sulphate of amnonia sub-treatments at at 

Date Áil.i 112 lb/A 22L4. lb/A 11 lb/A P.Ol 

19SS 

Aug. 16 ¿32 l9 218 Lj.06 38 29 

Sept. 20 61 Lj.92 1072 2003 152 131 

Nov. 1 2835 3O8 35Lj.l Lj.09( 33 293 

Dec. 28 2).j59 2(91 303]. 3067 389 296 

1956 

feb. 16 880 (3o 89!j. 1125 175 220 

May 22 120 182 195 180 N.S. N.S. 

Aug. 6 22 Lj.9 96 117 55 L2 

Total 6L459 7601 901j.7 10995 
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THE EFFECT OF SULPHATE OF AMMONIA 

ON DRY MATTER PRODUCTKN 

'-T 

6 S-55 209 S I 1155 251255 6256 34 56 22'S 56 6856 

SAMPLING PEPIODS 

x"igure i 

E 

Histogram showing the errect of the four sulphate of 
ammonia sub-treatments on the dry matter production at 
each sampling period. 

The four sulphate oi ammonia trettints correspond to 
nitrogen applications of O, 23, L6 and 92 pounda of 
nitrogen per acre applied iirst on May 23, 1955 and then 
immediately after each sampling occasion. The dates of 
the sampling periods should be read day-month-year. 
The two short vertical lines above each sampling period 
indicate the L.S.D.'s at P = .05 and P .01. 
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The analysis of variance of the yield data from the 

6ii. sub-plots at each sampling period is suxnimrized in 

Table 5. 

The four main plot treatments (125 lb. of P205 plus 

no gypsum, 125 lb. 0i P205 plus no ,ypsum and 250 lb. of 

plus one ton of gypsum per acre) railed to signifi-. 

cantly influence dry matter yields at all of the seven 

sampling occasions, as shown in Table 5, and require no 

further consideration. 



Table . Analyses or variance of yield data ror each sarripling period 

ìIean squares oi data ror rollovvin sampling periods 

ource of Degrees of l9 1956 

Variation £'reeQom ug. 16 sept. 20 iov. 1 Dec. 23 geb. 16 May 22 g. 6 

Blocks 3 6879 81.4.911 lL8L.87 202338 2OL447 29173 18238 

Main treat- 
nients 3 322L.* 26952* 11.44.675* 21031.45* 9L386* 6739* 78014.* 

Error "A" 9 2599 31587 379L6O 263876 1351.457 L.787 6572 

Sub-treat- 
tuents 3 303277** 11292959*5022939-* l2559Li6** 232l0L.** 1805* 29956** 

Interaction 9 7031 38870 53560 120635 57903 2386 668 

Error "B" 36 1772 28185 118391 183831 58370 20L.85 3660 

*Effect not significant 
**Effect significant at 1% probability level 

1'.) 

-J 



B. Per Cent Crude Protein in Herbage 

The mean per cent crude protein of total dry natter 

herbage froi each of the four nitrogen or sulphate of 

ammonia sub-treatments at each sampling occasion is 

given in Table 6. Per cent crude protein has been cal- 

culated as per cent Kjeldahl nitroen multiplied by 

/ r' 
o. 7. 

Table 6 

Mean per cent crude protein in dry matter 
herbage for each nitrogen or sulphate of 
ammonia sub-treatment at each sampling 
period. 

Sampling Sulphate of ammonia sub-treatments 
Date Nil 112 lb/A 22 lb/a i5 

l95 

August 16 10.3 9.2 10.2 12.9 

September 20 23.L4. 19.0 ]..L3. lJ..7 

November ]. l7. 13.9 13.3 11.3 

December 28 18.1 15.2 10.2 10.0 

1956 

L'1ebruary 16 22.5 20.6 16.8 1L1..7 

May 22 19.2 13.0 lL.1 9.7 

A..u.gust 6 18.L. 15.9 17.0 22.9 

These data are illustrated in iigure 2. 



29 

THE: EFF~Cl OF SULPHATE OF AMMONIA 

ON PERCENT CRUDE PROTEIN 
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Figure 2 

Histogram showi.ng the ei'i'ect oi' the i'our sulphate oi' 
ammonia sub-trea~ents on the mean per cent crude 
protein oi' the total herbage at each sampling period. 
The dates of the sampli ng periods should be read day­
month-year. 
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C. Nitrogen ocoverea in the Herbe 

The mean amount of nitrogen recovered in the herbage 

in pounds por acre for each of the four sub-plot sulphate 

o.L ammonia treatments at each sampling occasion is pre- 

sented in Table 7. 

Table 7 

Mean nitrogen recovery in pounds or N por acre 
for each nitrogen or sulphate of ammonia sub- 

treatment at each saipling period. 

Sampling N.itrogen applied as sulphate of ammonia 
Date Ni]. 23 lb N/A L6 lb N/A 92 l'b N 

l9 

nt.&gust 16 1.3 2.2 3.6 8.L. 

September 20 2.1 l.O 6.6 7.2 

November 1 79.1 68.2 7!..7 73.L. 

December 28 71.L1. 67.6 ¿.9.9 

l96 

ebruary 16 31.6 29.0 2L1..l 26.6 

May 22 3.7 .2 !1.Ll. 2.8 

August 6 .7 1.3 2.6 L.3 

Total period 159.9 180. 185.9 212.1 

These data are illustrated in i'igure 3. 
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THE EFFECT OF SULPHATE OF AMMONIA 

ON NITROGEN RECOVERY 

* LS1 20955 IllS *USS *25 34 S nsS6 6156 

SAMPLING PERIODS 

Figure 3 

Histogram showing the effect of the four levels of sul- 
phate of ammonia, which correspond to nitrogen appli- 
cations of nil, 23 lb. N, L.6 lb. N and 92 lb. N per 
acre, on the total r'ecovery ot nitrogen in the herbage 
at each sampling period. The dittes of the sampling 
periods should be read cay-,nth-year. 
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D. Yield Increase per Pound of pplied Nitrogen 

The mean increase in dry matter yield per pound of 

nitrogen applied as sulphate of ammonia, over that ob- 

tained from the no nitrogen treatment, for eaen sub- 

treatment at each sanplin occasion is given in Table 8. 

Table 8 

idean increase in dry matter yield per pound 
of nitrogen applied for each of the three 
nitrogen or s Alphate of adlionia sub-treatments 
at each sampling period. 

Sampling itroen applied as sulphate of aminoni 
Date 23 lb N/A 6 lb i/A 92 lb N/A 

l95 

August 16 3.0 3.1 3.6 

September 20 l9. 22.7 21.7 

November 1 9.3 1.3 1L.1 

December 28 l.6 12.6 6.8 

l96 

£"ebruary 16 1.0 2.0 2.7 

iay 22 2.b 1.7 0.7 

uust 6 1.3 1.7 1.0 
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. Seasonal Production Pattern 

The orrect o te four sulpbae o1 ammonia sub- 

treutnionts ozi the production pattern or the pasture was 

thterin1ned by estimating the growth rate or each cub- 

treatment at a point mid-way between each sanipling date, 
This was done by counting the dais between each two 

successive sampling dates, dividing the mean dry matter 
yield .i'or that period by the number of days counted nd 

plotting the growth rate obtained (in pounds per acre 
per day) on the time axis midway between the two sampling 

dates. 
Graphs showilig the growth rate-tine relationships 

for each oC the four nitroen sub-treatments are pre- 
sented in ?igure Li.. 

i. Percentage of Clover in Herbage 

The mean percentage of clover in each ot the four 
sulphate of amiinia sub-plot treatments was estimated at 
each sa.ripling occasion by hand-separating part of the 
sub-swiples taken for dry matter estimations or by making 

a visual assessment of each plot before harvesting. These 

dry weicht estimates of per cent clover are surn..iarized 

in ligure . 

The botanical composition of the four sub-treatments 
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on the day that the final sample was drawn on August 6, 

l96, is further illustrated by the four photographs 

presented as ?igures 6, 7, 8 and 9. 

G. Reaction of Surface Soil 

The effect of repeatedly applying sulphate of 

ammonia at different rates on the mean pff of the O..3 

inch surface soil is reported in Table 9. 

Table 9 

Amount of sulphate of anrnonia 
Sub- applied per acre since May 23, MeaÀ at 
l'reatriient l95 Äuust 6, l9.6 

NO Nil .2O 

1;]. 896 lb. .O3 

N2 1792 lb. L..9l 

NL. 38L. lb. 
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THE EFFECT OF REPEATED DRESSNGS CE SULPHATE OF At+1ONIA 
ON GROWTH OF IRRIGATED PASTURE 
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iigure L 

Graph showing the growth rate-time curves or seasonal 
production patterns of the f ir nitrogen sub-treatments. 
The nil, i cwt, 2 cwt and L cwt/A sulphate of anmonia 
treatments correspond to nitrogen rates of nil, 23 lb., 
Li6 lb., and 92 lb. per acre applied on May 23, l9 and 
aIter each subsequent sampling occasion. 
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THE EFFECT OF SULPHATE OF AMMONIA 
ON PERCENT CLOVER CONTENT 
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SAMPLING PERIODS 

I ESTIMATED FROM BOTANICAL 5[PAPATIONS 
. (5IIMATEO VISUALLY BEFORE CUTTING 

1gure 

Histogram showthg e8timated percentage of clover in 
dry matter for each nitrogen sub-treatment at each 
sampling occasion. 
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?igure 6 
Photograph of part of a plot ipresent1ng 
the no nitrogen sub-treatments on the last 
sampling occasion on August 6, 1956. Note 
8trong clover dominance but survival of 
ryeg ras s. 

igure 7 
Photograph of part of a plot representing the 
Nl sub-treatments at August 6, 1956. This 
plot has received a total of 896 lb. of sul- 
phate of ammonia per acre (i8 lb. N) since 
May 23, 1955. Note increase in ryegrass con- 
tent and decrease in clover. 



Photograph of pari of a plot representing 
the N2 sub-treatments at august 6, 19%. 
This plot had received a total of 1792 lb. 
of sulphate of amrnia per acre (363 lb. N) since May 23, l95. Note strong ryegrass 
dominance and small amount of clover. 

?igure 9 
Photograph of part of a plot representing 
the NL. sub-treatnnts t August 6, 19%. 
This plot had received a total of 38L. lb. 
of sulphate of amnxnia per acre (736 lb. N) 
since May 23, l95. N0te virtual elimination 
of the clover and open nature of the ryegrass. 
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Part II. Lperinient at Hyslop Agronomy ?arm 

A. Yield of Drj atter 

The meafl dry matter yield for each of the 2 treat- 

ments for each of the four groups of yield data we pre- 

sented in Tables lO to 13 inclusive. 

A summary of the analysis of variance for each of 

the four groups of dry matter yield data are presented 

in Table 1L.. 

Table 10 

idean yield of drj matter in ?ounds per acre for 
each treatment itugust lb to September lL, 
1960. Group (1) data. 

Species 
erti11zer Lolium Phalaris Dactylis festuca 

'ertili- 
zer Means 

NO 26 10 176 206 105 

NLA 2!7 75 911 6.6 L.70 

N9OA L6L. 167 1L.5!4. 77]. 71L. 

NL5U 322 62 939 655 

N9OU L22 9 1L33 1)40 765 

NL5L 235 33 655 L141. 3L2 

N9OL 280 23 81.i9 667 !45L. 

Species 
Ieans 285 61 917 

L..D. - .05 for fertilizer means : 125 
L..D. - .05 for species means : 2LE3 



L.O 

Table il 
Mean yield or dry matter in pounds per acre for 
each treatment from September iL4. to October 19, 
1960. iroup (2) data. 

species .?erti1i- fertilizer Lolium .kthalaris Dactylis ?estuca zer i1eans 

NO 19 2L4. 27 96 

N1A 106 206 23 3L.6 228 

N9OA 88 377 1429 L438 L8 

NL45U 271 129 230 28 229 

N90J 829 L478 L452 618 

NLL 130 7L4. 217 281 176 

N9OL Lj.78 2L46 3L7 O3 39L4. 

Species 
Means 3L4.6 219 279 367 

L.S.D. - .O for fertilizer 1eai1s : 122 
iffects due to species are not siiitfioant. 
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Tub1e 12 

Mean ie1d of dry matter in pounds per acre for 
each treatment froni Awust ]ß to October 20, 
1960 as a sin1e final harvest. Group (3) data. 

Species 'erti1i- 
ert1izer Lo1in Phalaris Dactylis ìestuca zer Means 

NO 30 33 25L. 296 

NLA 606 31 1236 1177 8L.3 

N9OA 1390 362 2L$9 2137 192 

NLU 471- 173 119 132i. 783 

N9OU 138L. 271 2092 2303 13 

N!5L )4i..1 69 1029 '170 79 

N9OL 1060 323 13L7 196L. 1299 

pecies 
ideans 769 229 1L39 1i426 

- .OS for fertilizer rneaiis : 206 
L.S.D. - .O for species means : L32 
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Table 13 

Mean yield or dry matter in pounds per acre 
for eaci reatmeit £ron Awust 18 to October 19, 
1960 as sum o two harvests. Group (Li.) data. 

Species .i?ertili- 
"erti1izer LolLirn Phalaris Dactylls festuca zer Means 

NO 3)4 201j. 302 1)46 

33 261 116g 992 698 

N9OA 1O2 )4J4 1883 1209 1172 

NLU 9)4 191 1168 9)40 723 

N9OIJ 122 37 1889 177 1363 

NLL 366 107 871 725 517 

ì9OL 758 271 1195 1171 8)48 

species 
deans 631 281 1196 101)4 

L.S.D. - .O ror fertilizer means 153 

L.S.D. - .05 for species means 232 



Table ]L.. Summaries of the analysis of variance for each of the four groups 
of dry matter yield data. 

Source of Decrees of Moan squares ..or each ¿xup of data 
Variation reedom Group Ç1) Group (2) Group (3) Group (ii.) 

Blocks 2 833.10 3Lj.616.13 7L356.65 60214.75 

Species 3 113)401.20* 36895.31 2785L3O.66* l365351...83* 

Error 'IA" 6 5814i3.60 9L3L.33 lL262l.50 51100.23 

6 232366.23* 166569.58* 1298563.66* 76268L..75* 

Species x 
erti1izer 18 ¿4O956.7L* 

Error "B" L.8 7755.73 

8907 .38* 11)j.301. 11* 

7392.38 20919.52 

Total 83 

*Effect significant at 5% probability level. 

L3259. 73* 

11637.12 



The mean yields obtained from each species over all 
fertilizer treatments at each samplin, period are summar- 

ized in ligure 10. 

During the first four weeks of the trial, August 18 

to september 1L4, 1960, Daot1is and lestuc ave higher 

yields than Lolium or Phalaris, and the yield from 

Dactylis was ¿reater than from Ìestuca. 
During the period September lL. to 3ctober 19, 1960, 

the yields from the four grass species were similar. 
br the full period August 1L to October 20, 1960, 

the yield of Dactylis and lestuca were not different from 

each other but both yielded nore than Lolium, which th 

turn was superior to Phalaris. The same relationships 
occurred for the period August 1L. to Jetober 19 on the 

basis of two harvests, although total yields were less 
for all species except Phalaris. 

The mean dields obtained froi each fertilizer tret- 
ment at each sampling period over all four species are 

suxnniarized in ligure li. The L.5 pound 1 per acre treat- 
merits increased the dry matter yield at each harvest, 
regardless of the nitrogen carrier. The 90 pound N per 
acre treatments ¿ave hi:her yields than the L15 pound N 

per acre treatments at all sampling periods. 
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The liquic urea treatnenis (i4JL and N9OL) gave 

lower yields than the corresponding pelleted area 

(NJ and N9OU) and pelleted anaonim nitrate treat- 

ents (N1.5a and ì9OA) at each sampling period. 

The corresponding pelleted urea (NL5U ad i9Oj) 

treatments and pelleted ammonium nitrate treatments 

(L and N9OA) gave similar yields throughout except 

that the N9OU outyiolded N9OA wOui the yield data from 

the first two samplin periods was summed. 

The eLfect o ammonium nitrate applied August 18 

at 90 pounds N per acre on the yield of forage to 

Septenther 28, 1960, roi' each o the four species, is 

illustrated further in photorraphs presented as "igures 

12 to 19. 

13. Per cent Crude Protein in Herbaße 

The mean per cent crude protein of total herbage 

from each of tue 2o sub-plot treatments at each o the 

three sampling periods is ivea in Table 1. 
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ligure 12 
Photograph of Io1ium perenne at September 28, 1960 with no nitrogen appllid previously, Vertical scale is in feet. 

- I 

M.ire 13 
Photograph oi' Lo1i perexme at September 28, 1960, topclre8sed with 90 pounds of nitro'en por acre as amìionium nitrate on gust lo, 19GO. 
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ti-jre 111. 
Photograph of Phalari8 tiberosa at September 28, 
1960 with no nitrogen applied previou3ly, 

-4 
i 
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ijgure 1 
Photograph of fhalaria tuberosa at Septenber 23, 
1960, topdressed with 90 pounds of nitroen per 
acre a wnmnonium nitrate on August 13, 1960. 



£?igure 16 
Photograph oL' Dactylis 1oierata at Septeniber 
1960 with no nitrogen applied previously. 

- 

a 
- 5 

so 

28, 

?igure 17 
Photograph or Dactylis 1omerata at September 28, 
1960, topdressod with 90 pound8 oL' nitrogen per acre az amiioniuru nitrate on August 18, 1960. 
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Photograph or ¿estta arundthacea at September 28, 
1960 with no xitroen pp1ied previously. 

1 

5 

f igre 19 
Photoraph of estizca arundiaacea at September 28, 
1960, topdressed with 90 pounds o. flitroen per acre as aìnnioniui nitrate on iuust lb, 1960. 



Table iS 

¡ean per cent crude protein of total herbage 

Sampling Species 
ìeriod Fertilizer tolium i'halaris Dactylis ?ostuca 

17-d-60 NO ll.L2 13.05 13.61 15.22 
to NL5A 17.30 21.63 3O.6L. l&.32 

1-9-6O iL5u 16.37 21.L2 15.b( 17.',1 
NL5L 17.89 17.36 17.82 

9OA 25.05 2b.63 19.o2 21.11 
i9OU 25.61 25.72 19.95 21.35 
i9OL 22.2c3 2L..L2 20.63 21.75 

1L4-9-60 NO 10.13 1O.2L. 12.02 12.70 
to k5A 1O.2 11.L4 12.58 13.02 

19-10-60 NL5U 9.38 12.83 13.2k 11..25 
45L 9.77 1140 12.5, 13.75 
N9OA 13.29 i6.u8 13.83 
N9OU 12.91 15.L6 lL.L2 1L.62 
N9OL 1l.Ii]. iL..9O 13.72 ]J.57 

1)-J-60 NO 8.07 12.59 11.26 12.51 
to N45A 9.50 12.28 1O.L.7 11.96 

20-10-60 NI5U 8.63 9.90 9.1L. 11.95 
Ni5L 8.62 12.62 10.73 12.8L. 
N9OA 11.02 12.76 9.76 12.19 
i'90U 11.29 13.31 11.55 11.89 
N9OL 10.70 11.L6 11.77 11.69 

At the first sampling period oi September iL'., 1960, 

the NLI5 13/. tretments increased protein percentage of 

all species and the i90 lb/A treat2lonts increa8ed them 

still further. The increase in roteixi percentage was 

leas for the liquid than the pe11ete treataents. 
at the second sampling on Octobor 19, 1960, the S 

lb/A treattient had oal,r pa.fl effect but the N90 lb/A 

treatrer.ts :reatly incroasd protein percentages. The 

liquid ti'eatments again had 1e2 effect than the pelleted 
treatments. 



The crude protein content of herbase which had jrown 

f roi 4uust 18 to October 20, 1960 was little affected by 

the initial nitrogen applications except for Lo1.Lt 

species which responded to the 90 lb. N/A treatnents. 

The amount of nitrogen recovered in the herbage of 

Phalaris was very low for all sampling periods and 

reached a maximum of only 17.83 lb/acre or .bout l9.!5 

per cent. 

The liquid method of aplying urea gave oon8istently 

lower n. troen recovery for both rates of application for 

all species and at all sampling periods. Maximum re- 

covery was 22. lb/acre froai a Li.5 lb. N/A application, 

or 4.6 per cent and 35.bL ib/acro f ro:ri a 90 lb. N/A 

application or 3.3 per cent. 

Under the conditions of this experiment, Phalari.s 

tuberosa (Turkish strain) and the liquid method of ni- 

troeii application can be considered unsatisfactory treat- 

ments. The farther exaiiination of data derived froi them 

seems unjustified in terms of the objective of this ex- 

periment. 

During the first period, August 18 to September lLj., 

Dactylis cave consistently higher nitrogen recoveries 

than festuca for all levels and forms of nitroen appli- 

cation. ?cctuca in turn save higher recoveries than 

Lo li um. 



During the second period, Zepteuber 114. to 3cto- 

ber 19, £estuca recovcrod xcre nitrogen than Daetj1is 

at both rates of ap1ication but at the high rate of 

iitroGen application, Lo1ia recovered nore nitro.en 

than 4?estuca or Dactylis. 

?or the sum of tlie two harvests, Dactylis tended to 

give the highest total nitrogen recovery but ror the 

sinle harvest on October 20, etuca gave greatest ni- 

trogen recovery. Lolium recovered 1es nitrogen than 

Dactylis or festuca in each case. 

C. itroLen Recovery lxi Herbage 

Amount of nitroen recovered in the herbage for 
eacn of the 2ò sub-plot treatxnerxts at each s&apling 

period is given in Table 16. 



Table 16 

1eau nitioen recovered in herbage in pounds 
per acre. 

Sampling Species 
period erti1izer Lo1iun Phalaris Dactylis estLca 

18-8-60 
to 

NO 

NL1.5kt 

.L.7 
6.83 

.21 
2.60 

3.83 
3O.O 

.O2 
18.93 

].L-9-6O NLu 9.16 2.12 23.8L. 18.77 
NLI5L £.73 1.03 18.19 12.66 
N9OA 15.60 7.6 I6.11 26.OL. 
N9OU 11.29 2.L3 1j.9O 39.8f 
N9OL 9.98 0.89 28.02 23.21 

1-9-6O o .31 .39 .!52 1.95 to N15A 1.71.j. 3.17 5.09 7.20 
19-10-GO N15U L4..07 2.6 L..87 6.50 

NJ.5L 2.03 1.35 .36 6.16 
N9OA 12.50 10.18 9.4.9 10.28 
N9OU 17.12 11.82 10.L3 1Lj.L5 
N9OL 8.73 5.91 7.62 11.72 

18-8-60 NO .78 .60 Li.35 6.97 to NLjSA 8.57 6.37 35.17 26.13 19-10-60 NLISU 13.53 ¿..77 28.71 2.27 
N15L 8.76 2.38 22.55 1o.oL. 

Two har- N9OA 31.10 11.83 55.60 36.32 vest8 N9OU 3L1.L1.1 1J..25 56.33 514.30 
N9OL 18.71 6.80 35.61i. 3Lj.93 

18-8-60 î0 .39 .66 14.57 5.92 to NLI5A 9.20 6.89 20.71 22.52 20-10-60 NLI.SU 6.50 2.7L. 16.95 25.31 
N145L 6.08 1.39 17.75 15.98 in1e N9OA 214..51 7.80 38.L40 141.68 cut N9QIJ 25.00 5.17 3d.66 143.61 
N9OL ló.15 5.92 31j..78 37.36 

The estimated perceiitage o. applied nitrogen re- 
covered in the herbage of tie three critical species, 
Liurn, Dactylis and 'estuca, calculated rron the ex- 
pro ssion: 



N in fertilized grass - N in control 
N applied as fertilizer X 100, 

for the four important fertilizer treatments, N)A, 
NL5J, N90A, and N9OU for each samplthí period is given 
in Table 17. 

Table 17 

Apparent percentage of a1ied nitrogen 
recovered in herbage. 

amp1ing Species 
period erti1izer Loliu.m Dactylis ?estuca 

18-8-60 45A 1L..1 8.3 30.9 to N145U 20.0 L4.5 30.6 
1L.-9-60 N9OA 20.]. !j.7.0 23J.. 

N90i1 18.7 14.6.7 38.7 

1L4-9-60 NLI.SA 3.2 10.1 11.1 to N1i5U 8.L. 9.7 10.1 
19-10-60 N9OA 13.5 10.0 9.3 

N9OtJ 13.7 10.1 13.9 

15-8-60 NL5A 17.3 68.L. L2.6 to NL5U 28.L. 5L.2 L0.7 
l;i-l0-b0 N9OA 33.6 7.0 32.7 
Two har- N9OU 37.L. 56.8 2.6 vests 

13-8-60 N145A 19.6 35.9 36.9 to NLI5U 13.8 27. L3.1 
20-10-60 N9OA 26.8 37.6 39.7 One harvestì90U 27.3 37.9 L2.1 

Lolium gave low peroentage nitrogen recoveries at 
each sampling period, the high apparent recovery on the 
basis of two harvests being only 37.L. per cent. Except 
for the first sampling period, recoveries tended to be 
higher at the higher level of nitrogen application. 
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Dactylis ave high recovery percentages through- 

out. Un the two harvest basis this was as high as 

65.14. per cent and consistently greater than 514. per 

cent. Two harvests gave iuch higher total recovery 

than a single harvest .'or the whole period. 

?estuca gave recoveries up to 52.6 per cent but 

these were lower than for Dactylis at the first harvest 

and on the basis of two harvests, but higher for the 

sinle harvest covering the whole period. 

D. Yield Increase per Pound of Applied Nitrogen 

Dry natter yield increase per pound of nitro-en 

applied lias been calculated for the whole experieatal 

period on the iasis of both the sum of the two harvests 

and the single harvest. These data are presented in 

Table lL. 



Table 18 

Increased yield as ounds of dry aatter per 
pound of applied nitroen 

amp1ing species 
period eti1izer Lolium Dactylís ?estca 

18-8-60 6.9 2l.1. 15.3 
to NL.5LJ 12.2 21.ii. 114.2 

19-10-60 U9OA 11.2 18.7 10.1 
Uwo hai'- N9OU l3.L 18.7 16.2 

vests 

18-3-60 NL5A 12.8 21.8 19.5 
to NLISU 9.8 20.1 22.8 

20-10-60 N9OA 15.1 2L1.5 20.14. 
L)ne liar- N9OU 15.0 20.14. 22.3 

ve st 

E. Autumn Production Patterns 

The production r;atterns or the three species a the 
three nitrogen levels, NO, N14.5 lb/A and 90 lb/A, ere 
constructed Lor the period of this exptrlment by the saine 

method as used for the Badgery's Creek data in Part I. 
The NLj5 and N90 yield data on which the growth rates were 

calculated were derived fron the niean oi the solid urea 
and polleted axa:iOiiium nitrate treatments. The autumn 

production patteriis of the .our species, each at t.,o 
nitroen levels, estimated on the basis of two defolia- 
tions (August 114. and September 19) are preseiitod in 
igure 20. 
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In early autumn, Dactylis with nitrogen gave the 

highest growth rates, Ìestuca was intermediate and rye- 

grass grew slowly. 

In late autumn the growth rates of the different 

species, when treated with nitrogen, tended to approach 

each other. The growth rate of Dactylis dropped sharp- 

ly, festuca dropped more slowly and Loliuxn increased or 
dropped only slightly. 

By October 19 all species had reached a stage of 

near winter dormancy but estuca and Lollum remained 
green while Dactylis was completely brown and donnant. 
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DISCUSSION ? RESULTS 

The results of the Badger.'s Creek experiment and 

the ilyslop Agronomy experiment are clo5ely related 

and are best iscsse to,ether ..uidor the same Iieadins. 

Production of Dry Matter 

At ßadery's Creek, the main plot treatments of 

superphosphate at 125 lb. or 2S0 lb. of P205 per acre 

and gypsum at nil or one ton per acre, pro dced no sig-. 

n.Lficant effects ut any of the seven anpling occasions. 

This showed that tìe addition of these £'ertilizers at 

levels greater than 12 lb. of P2O per acre per year 

were not required, even when heavy rates of nitroenous 

fertilizer were used and ail herbage was removed as 

clippings. Under grazing conditions and the return of 

phosphorus and nitroen in the form of dung and urine, 

the superphosphate denand would be still less. 

Nitrogenous fertilizers increased the dry matter 

yields of Lolium at each snplix occasion at Badgery's 

Creek, as shown In Tables L. and and figure 1, bi.t the 

relative increases wore large only in the early spring 

period August 16 to September 20. In the late summer 

and autumn, the plot yields were hardly affected by the 

nitrogen sub-treatments. 



62 

Likewise, at Hyslop farm, the response of Lolium to 

nitro[e'1 applications in the late surnier and early auttunn, 

as ShOwn in Table 10 and figure 11, was small when corri- 

pared with the responses obtained from Dactylis and ges- 

tuca. This poor response of Loliun to late summer and 

early autumn applications or nitroenous rertilizers has 

been a common experience elsewhere (22, p. 199-201; 13, 

p. 62-6h; 9, p. 14.; 12, p. 22). It could be due to 

limitations imposed by the normal physiologj of the 

species or to ¿roti limitations imposed by high niaxirrium 

day tenperatures. .1ftc.iøl1 (1, p. 203) showed from 

growth charriber studies tnat maximum day bemperatures in 
excess of 70 . for short periods will reduce the growth 

rate of Loliun perenne. tro'i the climatic data for both 

L3adgery's Creek and Hyslop darm in Tables 1 and 3, it 
can be seen that the mean monthly maximum early autumn 

temperatures were in excess of for arch and 

April at Badgery's Creek kind for Auust and September 

at Hyslop ?arrri. This su(ests that high temperatures 
were 1imitin early au.umn growth at both 1oca1itis. 

During the period epteber lL to October 19 

(Table 11), when the temperatures were lower, Lolium 

save yields comparable with any other species being 

examined. 
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Dactylis gave highest yields during the period 

August 18 to September 14 but not during the period 

September 14 to October 19, indicating the higher 
ternperture requirenent of tiis species for maximum 

production. 

It appears that (Tables 10 to 13 and 'igure 10) 

in the Corvallis environment, Dactyls gives the best 
nitrogen re sponse in early autumn wIi1e festuca and 

Lolium respond uore efficiently a little later. Phala- 
ris did not respond well at any time. 

Tables 10 to 13 and ?igure 11 show that for each 

form of fertilizer und each samp1in period, the 4 
and 90 lb. N/acre treatments increased dry matter 
yield in a linear manner. However, although the 

pelleted urea and the pelleted ammnonium nitrate be- 

haved in a similar fashion, the liquid method of 

applying urea was markedly inferior. 
hi1e a liquid foliage application of urea should 

increase the opportunity for foliar absorption of ni- 
trobeim, it also increases the chances of nitrogen es- 
cape due to volatilization and denitrification. In 

this experiment the losses were apparently greater than 
the gains and it would appear co be difficult to design 
a system of foliar spray applications that would 1V6 a 



more eficient nitro eri recovery than the solid forma. 

Jairiesoíi (]4, p. 336-338) in England and Robertson and 

Hansen (18, p. 51) in dichJ.gan recently concluded that 
liquid urea, as well as other liquid forue of nitrogen, 

could be efficiently applied to pasture only by injec- 
tion into the soil and this experience seems to support 

their contention, 

Per Cent Crude Protein and Nitrogen Recovered In the 
He rbag 

In the Badgery's Creek experiment, there t1 

treated pasture oriiiìal1y had a high proportion of 

white clover (figure 5) aLAd where the sampling interval 
was about six weeks, nitrogen treatments of 23, L.6 and 

92 lb/A at each samplin period (Table 6, iure 2) 

progressively decreased the crude protein percentage in 
the herbage except or one winter period when the 92 lb. 
N/A treatment gave the nihest crude protein percentage. 
Au'tiìermore, total nitroen treatments of up to 736 lb. 

per year (Table 7, igure 3) applied to this mixed 

1eLuae-grass pasture, had little net effect on the total 
nitroen recovered in the herbage. 

A similar result was obtained by Gardner (12, 

p. 86) on Vancouver Island. These results emphasize the 
fact that nitrogenous fertilizers, used at economic 
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rates, are not erricient tools in increasing the total 
protein or nitrogen prodction oi good 1ume-grass 
pastares. T.ieir scope lies only in improving the dry 

matter production pattern of such pastures by causing 

faster growing grasses to partially or wholly replace 
high protein legumes, as shown in ìgures 6, 7, 8 and 9. 

At Hyslop x'arm, where pure grass stands were used, 

the -i- and 90 lb. N/A dressings progressively increased 
the percentage of protein and the total :irogen re- 
covery of all grass species at each harvest (Tables iS 
and 16), but the liquid uiea forn was less effective 
than the two solid foru3. The estimates of apparent 
per cent nitro&on recovery in t'ne herbe (Table 17) 

showed that both Dactylis and festuca, for the period 
of this experiment, were efficient nitren absorbers, 
recoverin respectively up to 61 and !2 per cent of 

the applied nitrogen in two nonths. If w consìder a 

60 per ceflt reccvery in the herbage as equivalent to 

aboui l ' O por cent recovery by tie whole plant, as 

sested by alkor (21, p. 165), then these recoveries 
represent efficient nitrogen use. Loliu, however, 

gave recoveries of less than 3 per cent on all occa- 

siomis. 

This efficient utilization of nitrogen by Dactylis 
appears to contrast sharply with results recently 
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reported by Dotzenko (11, p. 133) irom Colorado. He 

obtained under irriL;atiori, only about 38 per cent ni.- 

trogen recovery by Dactylis gloinerata when nitrogen 

was applied at 80 lb/A in the early spring, but iuch 

higher recoveries roii other gra8ses. It would appear 

that a high nitroen recovery can only be obtained if 
the grass i able to grow rapidly imrnediately after 
nitrogen application. Temperature conditiozis in early 

spring in Colorado probably restricted early rapid 

growth and therefore efficient nitrogen recovery. At 

Corval1i a higher nitrogen recovery was indicated by 

the very rapid growth of Dactylis in the first four 

weeks after nitrogen application. 

Yield Increase xer Pound of Nitrogen and 1ffect on 
Pasture Prodiction Patterns 

By considering the foraLe increase per pound of 

nitrogen applied, the quality of this forage, its pro- 

duction pattern, and the value of the nitrogen used, 

one can make a satisfactory estimate of the practical 
economic implications of any nitrogen treatment. 

In the Badgery's Creek experiment (Tables 8 and 6 

and iigures L. and 2), given the cost of nitrogen per 

pound of , one can readil,j calc1ate the cost of the 

additional forage obtained due to nitrogenous fertili- 
zers. By estiinting the digestibility of this forage 
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from its crude protein percentage and its utilization 
as grazed forage ..'ro;l the pasture production pattern, 
(igure i) and co:upb.ring its cost in terms of total 
digestible nutrients with alttrnative in1 feed- 

stuffs, one can reasonably assess the ecoionics of the 

practice. 
Consider the 92 lb. N/A treatment and the early 

spring saaipling period ending September 20, l95, as 

shown in Table 8. if nitrogen cost 10 cents per pound, 

then the additional dry matter forage with lL..7 per cent 
crude protein (Table 6) cost 10 21.7 or .i6 cets per 

pound of dry matter or (with an estinated total dige8- 

tibie nutrient value of 65) 0.7 cents per jound of TDN. 

Ii the alternative feed is corn at one dollar per 
bushel or 2.2 cents per pound of TDN and the increased 
forage supply is fully utilizable in the paddock (as 

would be expected fron the growth patterns in iig-ure Li.), 

then the use Of nitrogen in that case would pernit the 

replacement of one feedstuf costing 2.2 cents by one 

oostin only 0.7 cents per TDN. This would reduce axil- 

mal feeding coats by about 66 per cent for the early 
spring period. 

The nitrogen responses recorded on September 20 

would be less economica]. becuse the increased yield 
per pound of N was less, the protein content was lower 



and the high growth rate of the untreated pasture at 

that time might make full utilization or the forage 

directly by the grazing animal more difficult or im- 

possible. 

On this same basis, the responses to nitrogen in 

the summer and autumn, under the conditions at Badgery's 

Creek (Table 8 and 1igure Li) would be uneconomical. 

The Hyslop .'arm experiment was designed to determine 

whether economic responses to autumn applications of 

nitrogen could be obtained by applying the nitroen to 

species other than Lolium perenne (as at i.adgerj's 

Creek). Time yield increases er pound of apliod ni- 

trogen, the crude protein percentage of the forage and 

the effect of the nitrogen on the production patterns of 

the species are reported in Tables 18 and 15 and igure 

20. 

It is noteworthy that the increased yields per 

pound of nitroen obtained for Dactjlis (Table 13) in 

the early autumn at Hyslop arn (19 to 2L.) are similar 

to those obtained from Lolium at Badgery's Creek (l to 

23) in the early spring. They are also similar to those 

obtained by damage et al (17, p. 60-62) in New Jersey to 

50 and 100 pound per acre spring applications of nitro- 

gen to Dactylis lomerata, indicating that this species 

probably has the capacity to utilize nitroen with equal 



eiciency in spring and earlj autunn. The cost or 

tais auuitional rorage from Dactylis, containing from 

16 to 20 per cent crude protein would also be about 

0.7 cents per TDN. 

The increased dry matter yield per pound of nitro- 

gen applied to ìestuca, Oil the basis of a single harvest 

on October 20, 1960, is also 20 to 23 pounds (Table 18), 

but the crude protein percentage of this forage (Table 

1) was only about 12 per cent. This forage, although 

unsuitable for ni1k production by dairy cows, would be 

of adequate quality for dry stock and at about 0.7 cents 

per TDU would be cheaper t1.n .noat alternative feed- 

s t uf f s. 

During the same autumn period, Lollum returned 

60 per cent less dry matter por pound of nitro,en than 

Dactylis or festuca and bAie protein content of the 

forage was lower. This result further supports the con- 

tention that Lolium perenne is an efficient nitrogen 

user in the early spring, but inefficient in the autumn. 

The autumn production patterns of the three species 

(ligure 20) indicate that the peau growth rate for 

Dactylis occurs before that or festuca which occurs be- 

fore Lolium. It seems probable that efficient nitrogen 

uptake and utilization depends largely upon rapid growth 

of the grass. ,hexi a species is growing rapidly, then it 
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is rapidly absorbing nitrogen aLld efficiently utilizing 

it. Nitro,en recovery data ..or species with different 

rovth patterns but all treated with the sae nitro:en 

applications at the same tine, as collected by Dotzenko 

(11, p. 131-133), should be treated with extrene 

caution. 

These two experiments at Badory's Creek, New ozth 

'.ales and Corvallis, Oregon, suggest that nitrogenous 

fertilizers, skillfully applied to perennial grass 

species, can do much to iron out the peaks and troughs 

in the production patterns of irrigated pastures and to 

reduce the need for expensive conserved forages. 110w- 

ever, these experiments also suggest that this cwi be 

achieved economically only by studjing the growth re- 

sponso patterns of di.Lferent species and then applying 

n1troen to them only when they are in responsive con- 

ditions. 

These experiments have shown that olium enne 

is a suitable species ori which to use early spring 

applications of nitroen, thile Dactylis lomerata re-. 

sponses well in the early autnn and 'estuca arundixiacea 

(Alta) in the mid-autunn period, i3y using the response 

patterns or these species (?igures L and 20) at each 

locality, oile can predict the ¿mount of rorage which can 
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be grown with a given level of I1itroen in a iven period 

of time aiici so plan a forage production program to iieot 

the forage requirements. 

:'urthemore, by relating the growth pattern o each 

species in each aivironment to the temperature pattern 
of that eziviroiment, one should be able, at least under 

irrihation, to predict a favorable time of nitrogen 
applio&tion for each species in each environment. \hen 
this is done for Loliwn perenne and Dactylis g1omerata 

on the basis of data presented here arid t1 mean monthly 

temperature data for each loolity, the following re- 
sults are obtained: 

Corvallis: Dactylis K].omerata - autumn producbion - 
about n.td-August. 

Lolium perenne - early spring production 

- about mid-March. 

Badgery's Creek: Dac.tylis 1omorata - autumn pro- 

duction - early April. 

Lo1im ¿rexine - early spring 
production - early to ia.id-July. 

hoevcr, there may be other species or other strains 
of the species studied ich will be more valuable than 

these in fulfilling speciiic growlh pattern requirenents. 
The further study of forage production patterns would 
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appear to be a requisite .'or snore efficient forage crop 

production and nitroen tiiization. 
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SUMLIÀRY AND CONCLUZÌIONS 

Studies directed towards econoical1y extending the 

growing season of irrig.ted pereiia1 'rasses by the use 

of nitrogenous fertilizers were carried out at Badery's 
Creek, New South hales, Australia, and Corvallis, Oregon, 

U. S. A. and the following conclusions re drawn: 

1. Nitroenous Lertilizors applied to white clover- 
perennial ryegrass pastures in early spring at rates of 

23 to 92 pounds of nitroen per acre can, provided other 

nutrients and moisture are not limiting, provide spring 

paddock forage four to six weeks earlier and return 19 

to 22 pounds of additiondi dry matter forage with 1L. to 
19 per cent crude protein for each pound or fertilizer 
nitroen applied. 

2. In lato sprint the increased .orae production 

per pound of fertilizer nitro en applied is lower and in 
summer and autumn the responses becone relatively un- 

economic. 

3. Litroe.ious fertilizers applied in the early 
autumn for t;he purpose o extending the growing season 

of perennial grass species and providing more late 
auturn and early winter forage, produce more additional 
dry niatter per pound of fertilizer nitrogen if applied 

to species capable of rapid growth ifl the autumn. At 
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aorvallis, t45 and 90 pounds of nitrojon per acre gave 

only about 11-13 pounds of dry matter rora:e per pound 

of nitroen when applied to perennial ryograss in early 
autumn, but lL.-l6 when applied to tall rescue and 19-21 

when applied to orchardgrass. The crude protein per- 
centaes in the forage were similar in each case. 

t4.. 
It would appear that nitrogen can be effi- 

ciently used for extendiri the grazin season of 

perennial pastures by app1yin, it to perennial ryegraas 

pastures in the early spring and to orciìardgrass or tall 
fescue grass pastures in the autumn. ravorable time 

of nitroLenous app1icition can be estimated by relating 
the production pattcrns of these species to temperature 
data for the loc.t1ity concerned. 

5. At Corvallis, pelleted urea and pelleted anmio- 

nium nitrate applied as a topdressing, imnedite1y be- 

fore sprinkler Irrigation, gave similar results per 
unit of nitrogen, but urea applied as a foliage spray 
treatment was markedly inferior. 

6. One cannot properly assess the efficiency by 

which a species can utilize nitrogen for the purpose of 
extending the grazing season of a pasture on the basis 
of a single iassive nitrogen application, because the 

magnitude of tbe response obtained appears to be related 
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to the physiological growth stage of tho species• its 

environmental tolerance and the environmental conditions 

at the time of and immediately following the appli­

cation ot: nitrog&n. 

Further studies on the ·relat1onship.s between thfl 

ni.trogen response ot forage specie·s and elima'tie con­

ditiona could point the way to the more economical u.se 

of nitrogen on pastures and the more economical pro­

duction of livestock products by the replacement of ex­

pensive conserved .forages by more late autunw, JZinter 

and early spring t:orage in the paddock.· 
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