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. - . ABSTRACT .

The eff ects of summer and f all management on alf alfa and bromegrass carbohydrate |

*y

reserves under western Canadtan envrronmental condtttons have in the past, largelv been

- »
determmed by mference and lnterpolauork In 1984 to 1985 treatmcnts were rmposed on a .

;:;-.g ychernozemwul Trial A stud' d dige ‘effects of summer defolratron and mtrogen fertllrzer on,

ield, herb qbalrty and to lnonstructural carbohydrate (TNC) rodt reserves of alfalfa and

: ‘/‘
.-
.

. phbspllorus) and root T

NIR mstmments were used.

reserve’ in alfalfa and bromegrass Bm{r scanning and f rxed filter
{

\ ’ ' /- . f‘

o .

" In trial A, nitrogeh [ ertrlrzer increased stand productrvrty and herbage qualrty Root

-

carbohydrate Teserves mcreased in alfalfa but decreased in bromegrass with nitrogen
applrcatron Four Cuts per year increased herbage qualrty but reduced yield. A two cut sysiem

gave hrgh yields and herbage quality and maintained TNC Teserves pf alfalfa and bromegrass at ,

[4

htgh levels. Root TNC levels of both species were depleted by f requent defoliation. Sward

, herght and growth stage score of the gr&g:sed to develop yteld predrctron models with

R
correlatron coeffrcrents greater an 0.80. Fall harvests were applred to tnal B at weekly

‘ mervals from September 7 to Oftober 5 1984 consrstently higher yields and herbage qualrty '
( measured a8 APDMD) were 0 tamed under %he two (h'ay) and four (srmulated grazmg) .
regrrnes in'1985 compared an August 23, 1984 harvest Fall defolratron affected 100t TNC of

: alfalfa but rot brornegrass Reserves mcreased wrth a fall cut rmposed on a hay regrme ]

§ whereras under. simulated grazing no drfference occurred compared to the control. Alf alfa TNC
levels were not af fested by nrtrogen applrcatrpn'whereas bromegrass reserves were deploeed.
Two to four wa_veleng"ths were required to develop calibrationequatiqns for the quality . "

: com‘ponent;s; Spectral data was collected and analysed .as log(lfreﬂectance). Callbration' |

¥ . : . N
' ’ vi
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equatioxi coefficients of determin%lion ranged from 0.80 t0 0.98,
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. ,." E lINTRODUCTION e
Oite of the most 1mportam f ora.ge'mrxtures f or. pastures and rangeland in lhe Great
.Plarns of Canada and the northern Umted Stales is alf alfa-smooth bromegrass When forage is.
grown for hay. the objective, of most farmers is quanuty rather than qualny as hay is uulrzed
asa maintenance feed for beef cattle. On the Can_adran prairies hay is usually taken as'two cuts’
per year depending on the growing season (Me‘Elgun etal., 1972). Howeyer;}.under pasture
_ conditions the management objeetive is. ro maximize /c;ualfty' by maintaining plants in‘-a juvenilc
stage by repeated def" oliation; 'Pasture"is therefore /t/ilized' for growth and producrion .of daigy
and beef cattle Workers in the United States have studied the trend of carbohydrate rom
reserves in pure stands of alf alfa (Cooper and Watc.on 1968; Nelson and Smith, 1968) or -
smooth bromegrass (Smith, 1962) under varrous def oliation and/or nitrogen regrmes However,
- studies in Canada relating carbohydrate root reserv.es of | alfalfa and bromegrass when grawn as “
a mixed s‘tand ate few (Wolf e al., 1964). Therefore in the past.lseasonalychanges in TNC
reserves under western Canadran environmental conditions and thei way in which they influence
yield rhalve been' deterrnined by inference and interpolation. _ 7
‘ A knowledge of the trend in total nonstructural carbohydrate (TNC) reserves in
perenmal f orage plants is f undamental to an understanding of the eff ects of managemenl )
| practrces particularly dunng regrowth after defoliation.and during other times of stress
(Smith, 196" Nelson and Smith, 1968) The TNC reserves may be temporarrly stored in all
plant parts However stem bases s1010ns and rhizomes are thc ma Jor areas of slorage in grasscs
whereas in legumes it is the crown and tap root. (Graber et al 1927) ‘

»

Where defoliation’ is too early, too late or too f’ requent there is a'decline m TNC
s i
TéServes (Granfreld 1935; Chatterton al 1974). Low carbohydrate reserves have been

assocrated with reduced productron and stand Iongevrty (Hedrick; 1958; Reynolds and Smnh
1962 Blaser et al 1966) The rapidity of regrowth after dormancy or defohauon is related lo

the amount of TNC reserves.at the time of defoliation. H0wever the role of TNC reserves )
v , : o’

’Defolrauon is defmed as the removal of part or all of the plant shoot
- . . "
) e - . . ‘ 1 - 4. ) “o .
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f ollowlng defoliation or dormancy is a continuing matter of controversy (Graber ot al., 1927
A

1Y

. Weinmann, 1948‘ White, 1973 Rapoport and Travis, 1984; thhards etal., 1987). May (1960)

_ and Baker (1963) cautioned that the' carbohydrate level at the time of defoliation may have
little bearing on future growth and produetlvity. Recent worlc by Richa_rds et al. (1987) has also\
cast doubt upon the role of TNC concen‘tration' or amount in de.termining regrow'th yield. The

. precisé role of TNC reserves of per;my'al grasses and'legumes in ‘regrovlth and metabolism. has

¢

_ yet to'be fully elucidated L
| Applied n trogen has vanable effects on root TNC levels rangrng from an increase or

'decrease to no eﬂéc\t (Paulsen and Smrth 1969 White et aI 1972)..The response is determmed .

by the level of root TNC at the time of mtrogen applicatron and prevarlmg abiotic f actors The

" increased carbohydrate level at the mature stages of growth is a reflectton of ’the greater

photosynthetrc_ tissue produced by fertilized plants (Paulsen and Smith, 1968). Where

. temperature and moisture are favorable, in general plants with low carbohydrate levels at the

time of nitrogen application increase reserves, whereas¥tho§§~véth initially high levels show a
gradual reductron (Cook 1966) - |
Fall management of alfalfa 1s an rmportant aspect of management that is of ten

m.isunderstoc:d; as it afflects t\he health, vigor, persistence and producttvrty of the stand. The
early .f all is considered a critical time f or storage ol’ TNC‘re'serves necessary for hardening,
winter dormancy. cold resistance and 'spr'in‘g growth' (Smith, 1960); Smith (1972) called this the ‘
‘critical fall harvest neriod'; wly'ch for alf all' a is generally 4 to 6 weeks prior to the first killing
frost. Since the f irst killing f rost occurs in mid*O'ctober Sor cen\t}al Alberta, mé critical fall
period i$ considered to extend from early September to mid-October. Harvesting dnring this f all
period results in reduced Survival and yield in the f ollowing year (Mark, 1936; Johnston, 1966'
Mcl(enzre 1980) Several researchers have concluded that a fall harvest after a killing frost is

less hkel) to result in stand and yneld reductron (Brown, 1963 Collms and Taylor 1980).
| ) The deterrmnauon of forage quality (te. digestibility and nutnent content) and TNC of

the roots usually requires several laboratory'"analyses‘ which are time consuming and expensive.



Near infrared ref" lectance (NIR) spectroscopy s th,e requtreménts of a method that ls quick

and accurate and is galning acceptance bom in ra;arch md industry (Polesello and’
Giangiacomo, 1983). NIR is bemg successfully used in plant breeding programs crop -

. management, plant physxology and ruminant nutrmon (Marten 1985a). lnt is study,

caltbratton and predtctton equattons l' or the assay of herbage quallty and rootﬁ

were_ \developcd on a f rxed and scanmng spectrophotometer

’ l

alr alf a-smooth bromegrass sward in central Alberta and 10 relate root§ NC .; ;

in the f aH"plus dry matter vield and herbage quality the follow‘tn' }ear.

T.
b



, . 2. LITERATURE REVIEW

s
A Y

2.1-Total nenstructral carbohydrates (TNC) reserves

recogmzed to be a limiting factor for forage ylelds early In the century by Nelson (1925) , .
"Grabcr et al (1927) propased the hypothesrs that "new top growth was initiated and developed :
largely at the expense of prevrously accumulated organic reserves" and that the roots of alfalfa
and the rhizomes of grasses were organs ol‘ stora'ge The 1mphcanons of thelr hypotheses to the
management of many herbage specxes is reflected by the large number ol‘ research pro;ects on"

4 organic reserves in the past 60 years. @

In an extensive literature review, May (1960),cor1'sidered this hypothesis somewhat
premature. He acc_epted that after complete defoliation, the iﬁitial synthesis of photosynthetic
“tissue and root respiration. plus root respiration during a dormant period are maintained at the

\expens;e of previously stored reserves. However, the paucity of knowledge on mobilizing
horm ’nes and mechanisms. of translocation and utilization of carbohydrates at meristems .
.vprecluded a critical evatuatios off the part played by reserves in determlmng plant growth Since )
1960 numerous cxperrments have confirmed that I reserves accumulated in the stem bases and

~

roots are used by plants for regrowth. Studies using radloacuve labelled “C have revealed the

proportions ol' stored Teserves used for regrowth, resplratlon ar&issue maintenance
- (Hodkmson 1969 Smith and Sllva 1969; Smith and Marten, 1970 Balasko and Smith, 1973)
Plant tissue contams many orgamc compounds that can be consrdered as reserve ‘
'substances mcludmg carbohydrat.es fats, oxls and protems Research by Wemmann (1943), \J'
Cook (1966) and Smith (1972) has shown fats, oils and protems to play a minor role as Teserve
substances; af ew studies have 1pdlcated proteins asXsrble reserve substances mobilized af ter a

defoliation (Sullivan and Sprague, 1943; Davidson and Milthrope, 1965). Hence, ‘nonstructural

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

ISynonymous terms in use are; l'ood reserves, labile catbohydrates. nonstructural
carbohydrate, reserve foods, total available carbohydrate total nonstructural
carbohydrate. ! o .
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carbohvdrates are considered the most important rcserv‘;: substance. Smith (1972) has sh(?wn
that‘pergn;ial forage grasses may be classified into two groups based on the ype of- .
carbohydraté accumulated in their vegetative parts. The study tevealed that starch is .
" accumulated in storage otgans of forage species of 1r0picai and sublropi.ca! origin, 'whilc
fructosans are the primary stored ca_rbc;r,\);drate in grasses of temperate origin. Smith (1972)
.f ound that this lakuer'group.can be sub-divided into those that store long- or short-chain
fructosar’xs. Bromegrass ( Bromus spp.) is a short chain fniclosz;n acqumuAlator (Grotelueschen
. and Smith, 1968; Smith, 1968; Bender and Smith, 1973).

The prigciple reserve carbohydrates of grasses are sugafs, f ructosans’.‘dexl.rins and
starch (Wienmann, 1952; Smith and G‘r‘otelueschen. 1966). Examination of carboixydmtc
fractions ir; different plant parts of bromegrass ideﬁtif ied .th'e flam bases {and top two ﬂlchcs of
roots) to contaih the hig.hest p"ercemage of TNC (Reynolds and Smith. 1962; Okajima and
Smith, 1964; Smith, 1967) Cook (1966) compil'ed an extensive review o_f storage organs for-
TNC re§e1:ves. of numerous f or&gc species. | o o

»

The tap root of alfalfa is the principle site for carbohydrate reserve storagc'(Escaléda
and Smith, 1972). T;e major corhponems of carbohydrate rescrves of ailf alfa’are s;arch.
sucrose, glucose and fructose (Gaber et al., 1927, Jur{)éapd Smith, 1961; Dobrenz and ‘ .

AMassengalq, 1966; Nelson and Smith_,_,1968). S.iarch is the principle—-s'toragc fraction with’sugars _
as intermediates during star‘cli syr;thesis and degrad'ation, (Yeno And Smiith, 1970; Deregibus et

al., 1978).

The amount of reserve substances stored by the plant depends on a balance bel}wecn lhe'

relative activity of photosynthesis and respiration at different gntogenic stages. Reserve

#

substances are accumulated in perennial forage piants when synthates are in excess of
requirements for growth and maintenance (Graber et al.,.1927). TNC reserves are important
I«f or winter survivak initiation of spring growth, regrowth after defoliation or at any time

photosynthetic production is inadequate to meet growth and maintenance demands. The level of

Teserve ca&i)ohydrates in perennial forage plants can be greatly aff ected by management
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practices and the cn'vironmcnl (Smith, 1960).

The influence of applied nitrogen on the level of root TNC depends on the amount of

carbohydratc present and its relationship to other nutrients and environmental factors. Low -

»

»

levels 6r deficiencies of soil nitrogen provoke the accumulation of sugars in the plant (Paulsen
and Smith, 1969). Watkins' (1940) stated that under low soil nitrogen bromegrass accumulated
excess carbohydrates, whereas high soil‘ nitrogen resulted in a Qreater depletion of .reserQes after
def oliaﬂor; (Brown and Blaser, 1965; Reynolds, 1971). The apparent reason for this is that high
levels c;ﬁ soil nitrogen promote rapid herbage gr?wth. utilization of photosyhthate and hence
‘leg;s carbohydrate accumulation, Consequently thére isa redﬁction' in reserves when no other

factors are limiting (White, 1973). >
,Fertilizatipn with nitrog;nvof an alfalfa-brome stand decrcased the avaiiable
carbohydrate conteﬁt of rhizomes and stem bases of bromegrass threyghout the growirig season
_(Watkins. 1940; Van Riper and Owen, 1964). An application of nitrogen to alfalfa éauscd
nodule shedding or a reduction of nitrogen f ixaltion (Moustafa eteg/., 1969). The dstrimental
effects of nitrogen applicgt_ién- to the 'lcgume corrhfng of a n;ixed stand have been
documented (Ashford, 1967), ~ o
| 'vrhe literature concerned with def qlialion and its effect on carbohvdrate reserves,
- vproduction and plant vigor is immenxse. In general too late, too early, t.oo'f feduem or too heavy
- defoliation causes a decline in stored reshrves, plant vigor and production. Comprehensive
reviews have been made by Weinmann, ‘1948; Mady, 1960; Jameson, 1963;;Your'1gn"er, 1972;
White, 1973. Fr;quent a_nci low cutting height drastically @duce TNC (Smit? and Nelson, |

1967) . Research on the various factors of dgf oliation confirmed that excessive) f; requent

b3

def oliations were more dameﬁlrthe plant than one sevére clipping (Smith\. 1962).
S‘uccessive cuts would cause ariin‘uous depletion of reserves and would ﬁoi allow the plant to )
-recover. Labile carbohydrate reserves only contribute io regrowth during the first few days

after defoliation (Hodkins{bn, 1969; Richards ?t al., 1987). The e*ten; of this contribution to

régrowt_h depem*s ‘on (1) the gr‘owth stage of the plaﬁt, (2) the severity: of def OIiati'oﬁ' and (3)



the environmental factors influencing growthv and photosynthesiy. Smith (1981a) suggested that
carbbhydratc reserves were important omy; determining initial regrowth, but that it was the
general arbéhydralc ;tatus of the élant which determined the overall reséonsc o -c liation.
Riu(a{s and Caldwell (1985) and Richards et al. (1987) found that the total carboflydrate

status (TNC pool) did not account for the regrowth responses of Agropyron desortum and A.

"
-

spicatum after defoliation. The study revealed that mieristematic limitations were more
important than stored carbohydrates or concurrent pﬁ&tosymhates in determining the ability of
the Agropyron species to regrow after def oli;tion. The contribution of concurrent
photosynthates was more impértam to regrow’th than stored carboh_vclralc rescrves. They
concluded that a‘species ability to reallocate reserves Lo its growing points for synthesis of new
foliage may be the key to that species ability to tolcrate defoliation. |

Defoliation of legumes can result in the shedding and death of root nodule tissue with a
consequent release of nitrogen to the-soil (Whitchead, 1970). The releasc of nitrogen toﬁ}}her soil
may inhibit either additional initiation of legume nodules or the nitrogenase activity of nodulgs
. already present. If niirogenase activity is inhibitéd the legurrie component of the sward may
become solely dependent upon available soil nitrogen. Grasses grown in association with »
legumes may absorb the newly released nitrogen thereby reducing the soil nilrégen inhibition of
legume nitrogen f iiaﬁon’( Lorenz et al., 1961).

Defoliation at any tix‘1‘1e of the year usually affects carbohydrate reserve levels. Plants
are, however, affected more by defoliation at certain mor;;hological stages of development than
at others. It is im;?ortant for management purposes to know at what stage ’f orage species can be
utilized without }Jvere carbohydrate reserve depletion.

Whe;x spring growth is initiated. thd plant exhibiis active growth, and the TNC rescx"vcs
show a sharp decline (Smith, 1962). During active growth, temperature is the most important
factor affecting the cérbohydrate reserve levelg.’Low temperatures pro'mote'theﬂ ;ic'cumula}ion

of reserves, whereas high temperatures cause a decline in reserve levels (Robinson and

"Méssénggle'. 1968). The deleterious effects of frequent defoliations on TNC levels are greatesi



durmg‘perrods of warm temperatures Nrght temperatures ‘can. also greatly affect reserve leVels, _ “
Low nrght temperatures f avotlr accumulatron ‘of TNC reserves as fewer sugarsme used during
@auon‘“ , ' % ‘;z | | Lo | )
t | ‘ Drought drfferentrally aff ects TNC storage growth and photosynthesrs (Rapoport and
Travrs 1984) Growth rates are reduced o a greater degree than photosynthesrs under low
morsture condrtrons Consequently, demand f or sugars is less and substrates accumulate as
reserves (Blaser et al 1966 Q‘rlrca ‘1971 Trlrca and Cook 1972) Durrng drought and heat
stress f requent def olratron prevents plants f 1om accumulatrng suf f rcrent reserves and weakens

ral'

‘resistance. Favourable sorl water condrtrons that promote plant growth or regrowth tend to
lower carbohydrate reserves ﬁ , | . i }
| The pattern of change m f oraoe vreld qualrty and TNC reserves of a‘l&f a and
bromegras‘sLTnQ response to advancmg maturrtv durmg sprrng and summer is well: establrshed
( Smth 1962 1964) Nrtroszen f ertrhzatron of- grass .and grass- legume mixtures has been used bv
Archer and Decker (197l) to extend the grazmg season into, the fall and early winter. L o
F‘ Alfalf a wrnter survrval is- affected by harvest management during the growmg seasonv a
smgle f all cuttrng reduced carbohydrate levels more than three cuttings per season prror to the
f all (Ku5t and Smrth 1961). The early fall is thus consrdered a crmcal trme for storage of food '. '
reéerves in alfalfa (erlar;q et al 1934 J ohnston 1966 I ung et al 1969) regardless of
developmental stage Several researclrers have concluded that fall harvests afte}a krllmg f rost
are less detrrmental than harvests 4106 weeks prror to. the Ltlhng frost (Brown 1963 Snnth

and Rowheder 1271 Collrns and Taylor, 1980) Kust and,‘.mrth (1961) f ound a drrect

relat“mnshrp between the amount of TNC reserves present in the f all and the yre‘ of Alf alfa hay g

m the f ollowmg year Reynolds (1971) however drd not f rnd a correlatron betwee TNC af ter a
fall cuttmg and next years yteld Sholar et al (1983) in Oklahoma found fall cuttm had little ,
ef’ fect on root carbohydrate reserves In central and northern Alberta mrd August 1c early

October is’ consrdered the crrtrcal fall harvest perrod (MacKenzre 1980 McKenzre and McLean

1980) ln western Canada ther.e have been no fall defohatron studres of TNC reserves in.
v ) ) )



. vgrass legume mlxtures . L . o ‘ “ ' EEEETER
The accumulat'on of TNC reserves ceases when alf alfa is cut in. thc earlv [ all : ‘-j‘( S i
wnw . P
‘ (Fulkerson 1970) but depleuon of tesetves wﬂl occur as new photosyntheue ussue is produced
. ~l" 5‘ 4

' lhlS depletron will contrnue untrl <ither the leaf area is suff icient 10" meet demands the leaves
.eare kllled by frost, or the plant is again harvested The f mgal?gall cut should be mned 1o'allow :

 Teserves to either bu1ld up prlor to freeze-u }p or when no addmonal growth wrll occur, In*~
Ontano Fulkerson (1966, 1970) studred the ef fect of fall harvests-on yield and. TNC reserves m
valfalfa and found reduced root densmes stand and v1eld Af &ll managemcm map for alf alfa.
was dererrmned for the area.’

Plant herght has been the most f requemly used criterion f or the estimation of

4 0

numerous crop yrelds‘wrth varymg degrees of success (Hussey et al. 198s° t #n problems in |
‘ mterpreratron of the lrterature on this subject are; (1) the numerous w. < inw ch plam’
‘ height has been measured and (2) pubhshcd research usually omits the meingd employed to
‘measure plant height. To standardl e herght measurerients varrous ‘instruments have becn R
. developed‘(Shrrvastava\et al., 1969; Baker et al., 1981; Sharrow, 1984). Herght has also been’
cornbined with other‘charactors to enhanceayr'eld prediction (Michalk and Herbert, 1977; Tan el .

\

Cal,1977).

ZZHerbagequahty — - l o +
L4 B N \

Forage 1s ultrmately grown ‘for meat, wool and mrlk production. For good ammal

| Amanagement there must be suffi 1c1em qualrty and quanmy of f¢ orage to supply the numem

R requrrements of: the partrcular class of ap1mal The determmanon of forage quality. (1 e. 2
' dxgestxbrht-y and numem contem) is. necessary to prepare a balanced ammal diet. Studres into

" the feed value (or forage quahty) of grasses and legurnes reveal _rhat grasses ugually contain less - -

crude protein-and minerals but more f ibre than.legumes at similar stages of geyel‘Opmenr‘ ’

(Marten 1985a) The supenor feedmg quahty of herbage contammg a grass and legume .

o

mixture to pure grass is well known (Donef eret aI 1966; Walton 1983) The time of



\

harvestmg m relauon to plant growth stage has a pronounced ef f ect on f orage qualttv The
'stagc of growth is’ the mos{ rmportant srngle factor controllmg [ orage value. A% the plant

‘matures drgestrbthty crude protern and mrneral \alues fall, while frbre values rrse

Ferttl'r?e;and defoltatron are normally used to mcrease f orage productron however
quality can be greatly rnf luenced The response of an applrcatron of nitrogenous f ertthzer to a
'grass legume sward s such that there'is an increase m the grass Wrth a correspondmg decrease
in the legume Def olratron has the reverse effect on the sward 'I'he crude protem content of the
herbage may remain constant or it may rncrease Drgestrbrltty f 1bre and phosphorus wrll be
; 7differentiallyaf fectedwhen the applred mtrogen mteracts with moisture and temperature in Ehe N

mrxedsward (Srmth 1962) ’ \ ) . c, o .

\

The mmeral content of herbage wrll ref lect sorl defi rcrencres ln some unf ertrlrzed

\

pastures, the P level of grass and-legumes may well\_be below apimal r_equrrernents. The extent
_to which the ruminant digestive system can utilize and efficiently convert the increased forage -

quality consituents when nigrogenous fertilizers are used«has not been extensively studled. >
. . . ’

Thé dry matter drgestrbrlrty of f orage may be assayed usrng varrous chemrcal analyses

,

, however the in vitro method of Tilley and Terry (1963) has proved to be the most accurate

predtctor of drgestrbrlrty Problems assocrated with thrs method are: (1) mamtammc7 a constant
4

. .

, supply of rumen fluid from frstulated animals and (2) the vanabtltty in actrVrty of the rumen
flurd even when animals are fed the same ‘'forage. These and other factors may result in large
' drscrepancres between and wrthm drgestron runs bonef er €t al -(1963) f ound tl,_)at f orage dry

.matter dtsapperaﬁc’e brought about by an acrd pepsm solution was hrghly correlated thh in vivo

'

data Basrcally, the method is the second stage of the Trlley and Terry (1963) purocedure The

.acid pepsm techmque has been used succesfully by Lema (1972) on smooth bromegrass havs

with correlattons of 0. 89 between thrs method and in’ vrvo results He stressed the pomt that the

JESRREE

two sﬁtge Tilley and Terry 61963) in v1tro procedure had no apparent advantage over the acrd

pepstn. dry matter drsapperance (APDMD) methpd.
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Determmanons of f orage quality usuall) requtre several laboratorv analyses Wthh are’
" time consummg and expensive. Near inf rared rel’lectance (NIR) spectroscopv is gammg
acceptance as an alternauve method of analysis for the esumauon of forage quality in both

‘research and i‘ndustry (Polesello and Gtangtacomo 1983) This method is rapid, accurate and

sive than conventional laboratory analyscs. A brief review of near infrared ref lectance

‘...3 Near infrared rel‘lectance spectroscopy
l\aye (1954 1955) was the pioneer of near infrared transmtssron spectroscopy Whetsel
(1968) revrewed classrcal spectroscopy in the ‘near infrared regton At the same time near
< infrared ref lectance (NIR) spectroscopy was first shown to have appltcatlon in agriculture for
. the' predlction of oil, proteir and molstt@ content of grains and.oilseeds (Norsis and Hart, o

1965; Ben Gera and Norris. 198). . SR

L}

Dunng the past 15 vears there has been a rapid advance in the development of NI R
_ spect_roscopy.technology; Various types_.of NI-R spectrophotometer instruments are currently

‘being used as an alternative to go'n,ven_tional laboratory methods to determine the nutritive value -

. & N B i

of a wide range of agricultural commodities (Poleselio and Giangiacomo, 1983). There are
. - ) - : . . .‘ &
numerous companies marketing NIR instruments, all instruments manufactured can be .

classifi ted mtiktwo main groups: . . o N
. 1. Filter systems wmch make usc of fixed fdters of'a spele ic waveleneth to select )

3 wavelengths correspondm‘g to the calrbranon samplés, and

!

2 Spectrocomputer systems, Wthh use Wmng monochromators (ver the NI R regron

_ from 1100 to 2500nm and perform wavelength Selectron through comple’x mathematical

i

) processes f ollowmg the scanmng of cahbrauon samplcs

v

Despite the varymg complexrty of these systems the basns of thetr f uncuon is the same.

~

- Analysrs is basedona beam of NIR monochromatlc ltght shone on the surf aceof a f mely :

ground sample The intensity of the lrght ref’ lccted from the sample is collected by opttcal



) | ) ‘ 1
AR | o ‘e . :
"detectors and converted to srgnals processed by the mstrument to predict sample composmon
’ (Redshaw and Wetsenburger 1983). The type of system selected depends on the partlcular
application to be made. Filter instruments, with multrple filters (varying from 6 to 24) can
scan selected portions of the NIR regron in approximately 20 seconds compared to 1 or2
mmutes reqt?lred by monochrornatbrs Their relatrvely low cost also permrts trrerr use fi or
routme analytrcal determrnauons (Shenk and Hoover 1976 .Shenk et al 1976 Burdick et al.,
1981). The hrgh cost of monochror_ne_ter type instruments may preclude their use for routine
“analysis. | ‘
One of the many uses of NIR in Canada and the USA is in wheat marketmg In \
addmon to grain elevators and the food trade, numerous umversmes and agncultural research
. stations are using NIR. systems to determine forage qualrtv and amrnal‘performance,-(Redshaw ’
* and Wersenburger 1983; Marten et al., 1984). The majority of locatrons have fixed filter
systems which are used- for routine morsture protem and fibre determmatlons Where
‘spectrocomputer systems are found research into -prediction of amino acids, f ibres, in vivo
digestibility, animal response and m_rnerals of numerous crops including forages is progressrng' )
-(Marten etal., 1983a; }iedshaw and Weisenburger, 19083;' 'Martegn etal., 119.84i M:  ..an et al.,\ '
19§5). : l‘ - ‘- ‘ _ N .. S
The NIR 'p'roeedure is a rapid, nonconsumptive and precise method that has the
Qcapabllxty for srmultaneous multrconst.rtuent sémple analysrs However lt requrres calrbratro(
with samples ;r known chemrcal or nutritional value. Shenk et a1 (1979) stated f our equally
rmportant criteria to successf ully predrct forage qualtty by NIR. They are (1) calrbratron
samples shduld be’ representatrve of the population to be predrcted (2) chemrcal analy sis of the --

" ~calrbrattron samples must°be accurate 3 correet chorce of mathemattcal treatm°nt and (4)

cottect choice of wavelengths. o

»

Qorages and fi eedstuf fs are varrable and chemn:ally complex. Noms et al (1976)—

- _ demonstrated that NIR has the capabrlrty ol‘ predrctrng the chemical or- nutrmonal value of-

these substances wrth a reasonable degree of accuracy Research has provrded addmonal

W

¢
o
.
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. evidence that forage quallty in perenntal and annual forage plants could be predl&d as stated
above (Hymowitz et ul., 1974; Rinne et al. V1975; Shf,nk and Barnes, 19’77 Shenk et al -1981;
Marten, 1985b). The standard errors f requently found l‘ or conventtonal laboratorv analvsts of
: ‘crude protem (CP), acid detergent f tbre (ADF) and in vitra digestible dry matter are 0. 43

1 40 and 0 90 g/Kg. respecttvely The standard errors f or scanning monochromator NIR

—y .

analysis of these same parameters are 0.56, 0. 60 and 0.63 dag/Kg’ rcspectrvely (Templeton et

}
al., 1983) thus the standard errors for prediction are commonly lower than those reported for

conventtonal analysrs Eckman et al. (1983) reported that animal’ (sheep) Tesponse (dry matter
intake, digestibility and drgesttble energy intake) were predtcted as accurately with a’ scanmng ‘

monochrometer instrument as with conventional laboratory analysis. Mathison ef al. (1985)

4

found similar results with sheep response, whereas standard errors of prediction for cattle /

response (dry matter intake and digest,ibilityj) were lower than conventional chemical

prediction. . '

Multiple f' ilter NIR instruments were satisf actory in predtctmg forage qualtt) in’
'perenmal forage plants (Barton er al 1976 ‘Barton and Burdrck 1979 and 1981 Winch and
Major, 1981). Burdick et al. (1981) reported standard errors obtamed with the NIR filter
_ mstrument for CP, ADF and IVDMD were 0. 58 to 1.15, 107102 47 and 1.78 10 2.54,
respectrvely G'enerally, these standalﬂ errors compare favourably wrth those of conventional .
laboratory methods However, Wmch and MhJor (1981) reported that in vitro or in vivo :

digestibility of: temperate grasses and legumes were not estrmated with an acceptable degree of

>

accuracy by an NIR-analyzer equipped with six filters. Burdick et al. _( 1981) used a scanning

rnorioehrometer to select the first and second wavelengths and used such filters plus others to

"enable predtctton of IVDMD to an acceptable level Both fixed f tlter and scanmng

monochrometer mstruments have the potential when utilized to their full capacrty to raptdly

~and accurately provide estimates of forage qualtty_. .

‘dag/Kg - decrgram per 1000grams P I N

¥

' T
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“+NIR is l)elng used cxtensi‘vely in research in"plant breeding programs (Gill et al., 1979),
crop productloqi;ﬂark et al 1983; Blosser 1985 Coleman 1985), plant phystology |
(Rosenthal 1977, Marten 1985a) and animal response (Norns etal., 1976; Shenk et al., 1976;
Lmdgren 1983; Marten, 1985a). ' R Y
- Studies into TNC root reserves are numerous, wrth the majorrty on alfalfa the link ‘

" between root TNC and winter kill has generated numerous studres The conventional laborator)
assay (Smith 1969b, 1981b) is expensrve dtf ficult o standardrze and time consummg Although
@9‘ uttltzimg a scanning monochrometer NIR mstruments conducted have been hmtted the
' ‘results'are favourable for accurate predtctron ol‘ root TNC (Marten 1985b Brrnk and Marten

1986). The multiple regression coeffidient (R’) f or rootf TNC determmatrons in the literaturé

varies from 0.90 (Marten et al., 1983) to 0.95 (Redshaw, 1986 personal commumcatron) The

standard errors of calrbrauon reported by Brink and.Marten (1986) were equrvalent to, or

.
‘o

lower than those for laboratory assays.
No studres using NIR spectrosc0py to estrmate root TNC in bromegrass were located
by a comprehensive Therature revrew However a srmtlar search for studies on the prediction of

root TNC in alf alfa resulted in the conclusron that NIR systems can be used to accurately and

2
-
‘

efficiently evaluate the above ( Marten, 1985b,Brmk and Marten, 1986).
. R o ) R '
S

3
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3. PART I: NEAR INFRARED REFLECTANCE SPECTROSCOPY FOR THE ASSAY OF

¢ ¢  FORAGE QUALITY AND ROOT CARBOS\’DR:\TES
. Y cm S

.

3.1 Matcrmls and methods o L

, Two sample types were used, herbage and root material of alf alfa and bromcgrass
- Herbage samples for quahty amalysns were collected f o.rm tnéf’l A in August 1984 with root _
samples of alfalfa and bromegrass collected f rom all trial A harvests in 1984 . Details of. trtal A

& _ ¢

a_re presented below.

o : ‘ . oy
3.1.'1 Field trial A location and climate R ‘ . (

Field trial A n/as located at the University of Alberta Ellerslie Rescarch Station
(latltude 53" 25' N, longitude 113° 13 W and elevatlon 694m), on an eluviated black cpernozcm
- soil of the Malmo series (Verma and Toogood 1969 Dudas and Pawlult 1982) A descrtptlon
of the soil type f rom an adjacent soil pit sxte ( located 400m north of the trial Sll.e in NE 174
section 22, Tp 3, R 5. w 4) ts‘presented in Appendtx 1. These soils are fertile and well drained.

~ The climaté is cool continent’al characterized by warm summers énd oold.winters
{-\'Appendii 2). Climatological data was obtained from the Ellerslie weather station, situated
900m northeast of the trial site.lThedmean annual)precipitatlon is 452mm, rainfall accounts for
75% of the annual precipitation, sixty percent of which fails between May-August and is . |
heaviest (84. amm) m J ulv (Appendrx 3). ;\ .

The trial sxte was located wrthm 230 ha f ield and was seeded with a mixture of alfalfa
(Medicago media Pers.) and smooth bromegrass (Bronrus inermus Leys.) in 1977, It was '
.' ' subsequently.harvested annually fot'vil'ay taken as (wo cuts. Small amounts of liduid manure

- were applied, the most recent application occurring in the summer of 1983. Commercial
r.f ertilizers were not used prtor to this experlment In the f all of 1983, when the trtals were

mgked out, the stand was v1gorous .- The exact locatlon of the two field tnals m the SL qua. -t

B sectron (24, Tp SILR 25 W 4) was determmed by vrsually selecting an area that was levcl

15
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o

-accessible, had good plant growth and uniform ground cover. Ground cover is dgf ined here n\i ,
basal cover, in which only that portion of the grbund surface occupied by the plant is
measurcd Basal cover was expressed as a mrcentagﬁ of mdnvxdual species (Clarke eral., 1942)

'l'wo line transect studles carried out in the f all ol‘ 1983 conf irmed the visual observations of

o
Lo

uniform composition .of alfalfa and smooth bromegrass (Appendix 4). Based on soil test
" recommendations fertilizers (phosphate, P and sulphur, S) were broadcast onto th§

experimental site‘in October, 1983; phpsphate was applied- as l’,O, at 40K g/ha and elemental |
sul‘phur‘a't 10Kg/ha. A spli.t application of the mitrogen fertilizer treatments were applied withl
SO%Fihlate October, l98;3 and early. May 1984; and were rl:peated in October, 198? and April,
1985. | | '

-~
a
)
-

3.1.2 Experimental design and treatments

Trial A was a split plot test {Table 3. 1) The main plots consisted of three nitrogen (N)”

applications [0 200 and 400 l\g/ha applied as'ammonium nitrate (34 -0- 0)] with sub-plots
| consisting of three defoliation (D) treatm_?ts. onecut as a comrol, two cuts as for commercial
hay production; ot four cuts to simuiate rotational grazing (Appendix 5). There were sixtgen
replica[ibrls, six for destructive root Qainpllhg and ten for other data collécted at each harvest.
At each harvest the grass and legum;: were scored for theil’ growth stage (Table 3.2) and the
yield of dry matter, thé botanical composition and mean-sward height recorded.
_ -
! l(Gi‘)l 3 Samplmg of herbage matenal
I-lerbage samples for quality analysis were collected in tsal A (Part I1)in August 1984
gnd represented a mixed alfalf a-sm_ootll bromegrass sward at three growth stagew three
nltrogen f eniliz_étidn levels. Samples were collected from the f orage harvested for vield (as
outlined in Part II, sectioi_l 4.1.3) by sub-sampling approximately 300gA dry weight, v

3



Table 3.1 Partition of dcgree.s of freedom (df) for trial A.

[

——

>

Sourcé dr
Replication(R) ' (r-1) “ 9
Nitrogen(N) " (a-1) 2
 Errorl (E1) (r-1)(a-1) 18
.
Defoliation(D) . (b-1) 2
. DxN | — ~(a-1)(b-1) 4
Error 2 (E2) a(b-1)(r-1) 54
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Table 3.2  Growth stag€ score for alfalfa and smooth bromegrass used in trial A in'1984 and

1985. ’ ’ ol
Score " Alfalfa -, Bromegrass
AR —
1 ' . Juvenile - - Juvenile 5( )
2 - Prebud ' Stem elorr'gation
3 Budstage g ' Flag legf
. 4 o | 10-49% bloom Head emergence
s 50-100% bloom © Anthesis
6 ~ Seed se:”:{ o - . Seed set
b
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3.1.4 Sampling of root material

. ' ’ . . N .\
:Root samples of both species were collected for TNC determination (by convcnlional

»

labork methods) from all harvests in trial A in 1984. Herbage was removed leaving Jem of
‘stubble. Qr each collection date smooth bromegrass roots were obtained by using a core (75mm
" dijaeyeter and 17§m deep). Four core samples, randomly located, were taken per sub-plot and
stored at -25’C f or futher processing. The core samples were washed with cold water in the
laborator; and stem bases, rhizomes and roots wcr'e cullected over a‘series of-sieves ( 2mm and
lmm screen srzes) Root material was bulked from the four cores pcr sub- plol drieq in a
forced draft oven at 70°C for 24 hours and ground ona Wllley mnll (lmm screen). The samples
were thoroughly mixed, Teground on a Udy cyclonc mill (lgm screen), placed in glass botlle_s
and fedried at 70°C to constant weight. The botties were tightly capped and stored at -10°C for
TNC analysis. o | o
Four alfalfa plants were randomly chosen from each sub-plot. Herbage was removed
lealving 3cm of stubble. Diseased plants or. those with multiple laleral\roots were disca"rded
(Escalada and Smitu, 1972). Crowns and roots of plants were. dug from the soil to a 30cm-
depth on the day of harvest and stored at -25°C. lh the laboratory, the four roots wére cleaned
with cold water, all lateral roots were removed and a 10cm section bof tap root immediately
below the crown was retain“édf or TNC reserve determinations. The four processed roots were
‘bulked per sub-plot pribr to grinclir;g and TNC analy;is. Cleaned samples wete dried in a forced
qral’ t oven at 100°C for 30.min‘utés‘and rhen drying waé complc-u_:d at 70’C for 48 hours (Smith,
’ v 19'73). The same mgthod of grinding and storage"was used as for bromegrass.

-
~ : .

-~

3.1.5 Chemical analysis ¢ ’ : - |

3.1.5.1 Herbage quality gnalysis
Acid pépsin dry matter disappearance was determined in )he'University of Alberta
f orage quality laboratory for samples collected in trial A 1984. A modification (Kendal et

al., 1970) of the acrd pepsm dry matter disappearance (APDMD) technique of Donefer et



al. (1983) was 'uscd (Appcndi'x 6). The percentage of dry matter removed from the sample ‘

by the digestion procedure was then calculated by subtracting the weight of the forage

residue from the initial forage weight and éxpressing this as a percentage. The APDMD -

method is only a partial measure of herbage degradebility because it only measuregrotehqs
digested by pepsin. ‘

- The herbage sam;;les used for APDMD determination were also arﬁ?zed by the
Soils and Animal Nutrjtional Laboratory (SAML, f ormerly Soils aﬁd Feed Testing
Laboratdry, Alberta Agric‘ulture\). for thrée otiler forage quality parameters under research
project number 85-055. The procedure described by Goering and van Soest (1972‘as

used to determine acid detgrgcm fibre (ADF). The ADF determination measares lignin  #

and hemicel_lulosc‘.'Crude protein (CP) content and phosphorus (P) were analysed using

~

the Technicon autoanalyZer 2C. Residual moisture i:l.t\e stored samples varied from §.22

to 7.17%. The amount o? forage degradeble dry matter and crude protein per hectare were

-

calculated ty/multiplying the production per hectare by the decimal fraction of

wtﬁmd crude protein respectively.

All trial A herbage samples analysell in the University of Alberta forage laboratory
L) .

and SAML were used to calibrate a Tecfnicon 300 model B NIR infraalyZer

spectrophotc;meter for each quality constituent agsayed. The calibrated NIR.Technicén 300
° B (‘ -
model B was used to determine quality constituents for herbage samples collected from

’
\\

" trial A in 1985.

rd

3:1.5.2 Total nonstructural carbohydrates (TNC) - ‘.

Root material collected in trial A in 1984 was analysed in tﬁe University of Alberta ,
forage quality léboratory. Determinatidon of TNC reserves was made using the enzyme
digestion techniques outlined by Smitvh (1981b) for smooth brc;megrass and alfalfa.
Residues from water extraction were incubated with a-amylase cni&n{e of Aspergi)lus
orizael origin (Miles Laboratories Inc., USA) sdlt;dorg:\btain TNC ‘val(;:s. The

-

clarification stage using Lead Nitrate was omitted as it was found. to interfere with

LI

-

’a
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subsequent stages of the assa)'w. This has subsequently been confirmed by Khaleeluddin and

‘Bradford (1986‘). TNC valu.cs are c;prcsscd on a dry weight basis as percent glucose for
_ alfalfa and percent { Tuctose for bromegrass (Shacffer and Somagi, 1934), Alfalfa samples .

wérc used to calibrate a Technicon inf réalyzcr 500 near infrared reflectance ',
spectrbcomputer and bromegrass samples 1o calibrate a Technicon 500 with a filter transfer
to a Technicon 300 model ‘B infraalyzer. Samples from trial A in 1985 and‘trial'B 1984 were
analysed using NIR spectroscopy. The detailed methodology is presented in the following
sections. o

. ( : .

Y 2

\
’

»

. 3.1.6 NIR Instrumentation and calibration
"Both herbage and root sample types were divided into kthrec scts; calibration, lgias and
brediction samples to enable accurate and reliz_lble equation development for tﬁe sample typé
and constituent being measured. Each sample set is a¥ sub-set of the population and therefore is
‘representative of the poﬁul:ition. The hérbage group contained 42 samples for calibration, 30
f 6r bias and 38 for prediction. The TNC root samples of alfalfa and bromegrass contained 42
samples for ‘cah:bra[ion, 30 for bias and 45 for prediction. "y, " )
Two NIR spectrophotometers were used to determiné herbage quality and root ’
ma;ex;ial. For both ing‘truments all samples ;\/ere ground according to spgcif ications (Norris ef i
al., 1976; Casler ﬁnd Shenk, 1985). Iéach sample was thoroughly mixed and a 2g sub-sample
placed in a sample hoider. Samples were illuminated with mc;nochromatic light and the diffuse
; refleetange collected wi[ti lead sulphide detectors. :i'he signal was amplified from the detectors,
digitiied and recorded as log(1/R), where R:reﬂecta‘xgcef‘Wavelength selection, calibration and |
prediction equation; differed for the two ingtruments. e .
3.1.6.1 chratype s,pectrophowmeter‘
R The Technicon inf raalyzéi 3:00 mode! B! containing eight interf erence filters ir}'

fixed positions, was used in this study. A tilting mirror is used to locate individual filters

when samples were scanned. These filters covered selected regioﬁs Jf/;hc NIR spectrum

{



\

f 'rom 540\(\336nm ( Table 3 3) The 300 modcl B operates ina double beam mode usmg

. \)
an mtergratmg sphere to collect the reflected energy {from the sample) as well as %o

. R ] . e

provnde the. dual beam: capacrty (Appendrx 7) where the interror of the Sphere ls the
\

‘ ref erence standard . ~\ ) | L,
To cahbrate the mstrument readmgs at multrple wavelengths were taken oha set
‘of samples and their spectur%al data (collected as log l/R) was related to laboratory values
usmg a multrple lmcar stepwrse regressron All erght wavelengths were consrdered for-
mclusron in the’regressron equatron The equatlon \Vlth the lowest standard error and
e hrghes)tq{’ for the arfalysis of‘ ac1d pepsin dry matterﬂdtsappearance (APDMD) acid
sy detergent fibre ( ADF) crude protem (CP ) and phosphorus (P) was used to cm the
mstrument No mathemaucal treatment of the spectral data (log l/R) were performed as '
(1) satrsfactory calrbratrons were obtamed and (2) this optron was not avarlable on the JOO_.. -
model B instrument.” o , N A - |
B The calibration constants ob\taljn‘éd;f rom“the regression: equation we-re sto‘l'ed;"inthé T
- instrument and uSed to’deterr‘nine the composltion of “u‘nknown sam'ples by solvlng the '
(ollowing formula: fA . SR | e

| % constrtuent*- F., + F, log 1/R, E& log /R, + ' +F log l/.R
where F = constant f rorh regression for filter #k \\
o log‘l(R logarrthm of rnverse of reflectance for filter #k.
Sample partrc(e size, cell packmg, equrpment and’ envrronment can cause vanatrons ‘
: _m reflectance If the inf raalyzer is readmg hrgher or lower than samples of known
- ‘laboratory value, a bras exists. To correct any bras arrsrng in 1 the data from such sources an |
adJustment was madg to the Fo constan‘(of the regressron equatron usmg samples of know:
laboratory value (n belongmg to the calrbratron or predrctron set) Thrrry samples were ’

USed for bras adjustment of all constrtuents measured hen corrected f or blas a ney :

“‘nm= nanbmeters (1000nm=1um)

i

R
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~ Table 3.3 " NIR Technicon 300 filter numbers and corresponding waveléngths.

!

vl Filter number a o ' Wavelength, nm
AR ; i o o v 2336
2310°
- 2230
‘Blank
2180 -
© Blank
: _ -—2100 -
‘ ‘ ‘ ’ 1940
R A , 540
B - % 1680

JnEe

R N N T




‘ predrctnon equatron was obtairied. Samples ‘of known chemrcal value were tested agamst
this egﬁauon in order to determme the staidard error of predlctron (SEP) and squared ¢

stmple correlatron coef! f icient (r?). -

3.1.6:2 Scanning monochrometer type spectrophotometer _
The Technicon ﬂ“raalvzer 500C consisting of the Technrenn _,nf t3alyzer 500S
: scannmg monochrometer and Hewlett Packard 1000 (model .6) computer was used to

determme percent TNC reserves of alfalf aand smooth bromegrass “The Techmcon SOOS

' monochrometer scanned the infrated regron from 1100-2500nm. The samples were scanned e

1

. at Inm mtervals allowmg 700 wavelengths to be collected over the spectrum. An

- —— o——

intergrating sphere with dual lead sulphide detectors was used to colléct the diffuse
- reflectance which enabled wavelength transf orrnatron to the 300 model. The computer

é‘program packages allowed for data collection, manipulation and analysis (Shenk et al.,
1981 presents details on mdrvrdual programmes) V

Cahbratlon equatrons for analysrs of TNIC in alf alf a root sarnples were deveIOped

-

- from 42 samples Each sample had'rts spectral optrcal .densrty data collected as log( l/R).
Analysts equations were obtained By muluple lmear regression via the "best pair optron

(the program selected the first equatton in a series of potentral equatrons based on two.

»

. wavelengths out of a possrble 700 wavelengths) ‘The mthemancal treatment (logl/R) and

©

. the number of wavelengths (to a maxinfum of 51x) were selected by choosmg the equations |

wnth the lowest standard error of calibration (SEC) and largest lnultlnle correlatron- &

| coef fi 1ctent (R?).

‘ B : o

Equattons f or@the analysrs of smooth' bromegt&ss TNC Teserves were derrved usmg '
the matherraucal treatment (Iog l/R;&a Tech‘gtcon 500 mfraalyzer As this mstrument
‘became unavarlable for further use, the equanons were transf ormed. using.the program
U tlter transf ormation” whrch converted the scanned opttcal data by adjusting them to fi tt a
~ filter mstrument For detatls of %3 f ilter transformation program consult Techmcon
' Instruments Corporatton Tarry Town, New York. To vertf y the f ilter transformatron one

_@é
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sample was scanned using the 300 moc{cl B and a comparison of 'wavelength. optical data

(log_.l/l{) was made to the filter transformed log(1/R) valueg. No ‘dif ference was found.

hence the same procedure for bias and prediction was followed.

———
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CAcref jectance spectra obtained f Tom root matenal and a herbage mixture of alfalfa and

o ¢

bromegrass (Figure 3. 1)» showeq lmle sxmllarlty other than common absorpuon bands of water 7~

[N

at 1940nm and ;bre at: 2336nm A starCh cellulose peak was prommem at 2100nm in alf. alf a,
@ e
but was absent m bromegrass Toot and mixed herbage samples As no dif ference in spectral
-t s 4

scans across years (1984 and 1985) and tre,atments (nitrogen and defohano\n) were f ound

(anure 3.2), the Pl'edlw(’" equauons developed from samples collected from trial A 1984 were

used’ro assay a]l herbage and root samples collected f rom trial B 1984 and trial A and B 19?(5

\ ¥

321 llerbage samples o <
The callbfa[lon prediction and unknewn sample sets f rom trjal A 1984 (Table 3.8) .

were found to cover essentially the same range for all quality constituents ‘measured. The

- multiple correlation coeff icients of herbage calibration samples W;le 0.94 or higher for all foun -
assays, with crude Brotein being the highest (Table 3.9). The number of wavelengths required
‘to develop equations vvith a”high R? value varied from le f dr crude protein (CP ). acid
detergent fibre (ADI-) and phosphorus (P) 10 three for herbage degradebility {acid pepsin dry
matter dxsappearance APDMD) The primary wavelengths for predicting APDMD, CP and P

‘were the same bul had differen; pamal regressnon coeffi 1c1ents (B(l) values, Table 3.9). The

primary wavelenslh for ADF qetcrmlnatxon corl'eSponded to the f ibre wavelength of the

=
i

instrument. ,- - -

“

Verification data:.f Or the NIR forage quality prediction equations.of Table 3.9 is
* presented in "l\‘able 3.8. The Squared coefficients of determination (r*) for prediction and actual
quality values wcle ‘highest for CP and ADF and lowest for P. Standard errors of predlcuon
" (SEP) exceeded étandard errors of calibration (SEC) by one third, for all qha’li'ty constituents
except ADF andlCP The standard deViation"and fean biases for NIR predicted for all
constituents werq small (Table 3. 8) APDMD generated the largest bias between NIR and

laboratory valueﬁi'
|
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Figure 3.1 Comparison of reflectance Spectra for typical alfalfa and smooth bromegrass root

. -material and alfalfa-bromegrass herbage samples. (R = reflectance.)
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Table 3. 4 A comparison of .percent Lomposmbn and degradebnllty of herbage-samples as ( ‘
detesmined by conventional laboratOTy methods and NIR Technicon 300. :

-

! Conventional {aboratory : NIR
—— T e e ’ -
Forage Calibraffon set Prediction set Unknown set
constituent ' N =42 "N=3§ . N =343
APDMD &  30.5.588 31.3-568 - 24.9-57.8
cp Ce 379 - 15256 65290
ADF 166993 1439 o 13.0-398
P 00900 0.09:0.27 0.08-0.31
—— /\r"“’—\ ' A_-

+APDMD= . Acid-pepsin dry matter dlsappearance CP =’crude protem ADF = acid detergent
fibre; P= phosphorus. - ’

b 4
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3

3.2.2 Root Snmples

»

d bromegrass were analysed for total nonstructural

| Roo; samples of alfalf a’*
carbohydrate (TNC) f rom trial A and B 1984 and 1985. No differences in the range of chemical
composition was evident betweefPthe calibration, prediction and unknown sets (Téble 3.9).

' Significant regression equauons for root TNC(determmauon were obtgmed (Table 3.8). The
multiple regrqssxon coefficients (R?) of cahbruﬂ samples were 0.91 and 0.80 f or alfalfa and
bromegrass, respectively. The number of wavelengths needed to develop equations with the |
lowest SEC a.nd largest R? were three for alfalfa and five for bromegrass Venf ication data f Qr
the NJI‘R predlcuon equations are presented in Table 3.9. The squared sxmplq correlation
coefficient (r?) f c;r NI% p:edictqd and known root TNC values of alfalfa and bromegrass were
0.88 and 0.78. yespecti.\"ely. SEP values were lower than SEC values for each species. The

. ”
standard deviation and mean for NIR assays were similar to laboratory determinations.

b
- .
) ’



3

. o
Tabl¢ 3.7 A comparison of total honstructural carbohydrate (TNC) ?:1{1: roots of alfalfa
and bromegrass as determined by conventional laboratofyy methods and NIR Technology .t

‘.
]

Conventional laboratory NIR
NG Calibration set, Predlction set Unknown set
sample , N=42 N=45 . N=35§3
' . ) . . . ‘ .
Alfalfa 6.6-283 6.9-19.9 6.2-99.08
Brpmegrass 8.0-18.0 8.7-213 | 0 9.2-220

-

v

tTechnicon 500C for Alfaifa; Technicon 300 for Bromegrass.

. ’ ‘ ,
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33Discussion | B )

A preliminary qualrtattve tnvesttgatton of spectral scans of the materral to be analvsed

can prove tobea usef ul atd to quantrtatrve work.. For example samples contammg hrgh

amounts of starch may requtre measurement be made.at 2100nm and that this term be mcluded
e

in the caltbratron equatton (Whetse], 1968; Mercter 1985 personal commumcatron) This was § :

f ound i) be the case where the fibre peak measured at 2336nm (used prlmartlv fi Qgram,af 1br

_‘assay) was selected as the prtmary wavelength for acrd detergent f 1bre (ADF) determxnatron

An exammatton of the spectra m Frgure3 1 sh : ed that there were marked diff erences in

' 'absorptton f or each sample type therefore mdtvrdu calxbratton equatrons wete- neccssary

: \3.3.1 Herbage'samples -

’

' standard errors of caltbratton (SEC) in’ thts study were srmtlar to those reported by Marten et e

J" i L4

.Spectral compartsons of samples f T0M drf f erent«years and treatments are an rmportant aspect

of NIR technology that should. not be 1gnored if accurate analysrs lS to: be obtained (Redshaw

v

1983 personal communtcatron) LT C

To venf y if the caltbratton equatrons developed f rom trial A 1984 could be successf ullv

iused 10 assay 1985 samples ns were compared fi or )ears mon’ths nttrogen and der oltatton

treatm thure 3 2) AS there were no maJor dlf f erences w1th1n the spectral scans between

the sa ple combinations tested the cahbratton equanons developed for each

'sample cOnstttuent type f rom trial A 1984 could be used to predrct the san’l’e constttuents for _

¢

samples collected in 1985. e | _’ ‘,,,_»

w

For the qualrty constrtuents measured the range tn chemtcal composrtton and

P
-

o
drgestrbrhty values of caltbratton predrctlon and unknown sets wer“éL essenttally the same (Tablc §

‘ 1

3.8) and were.in. agreement with the criteria for accurate NIR analysis (Shenk et al g.978a

-

19 1979 Shenk and Westerhaus 1985) ‘The multtple regressron coef flClen[ (RZ)‘values’and

aI (1984) and Shenk et al (1981 1985) Consrstent wrth other resg fm%ngs of Barton ez

al (1976) usmg NIR for in v:tro dry matter dtsappearance (IVDMD) acrd pepsm dry matter

’,
» .

@

-

¢



N . ; : PR . \ 3 . S

- . Bt
a .

. ‘ ; ¢

. : .
dtsappearance (APDMD) requtred mqre wavelengths for equauon development than crude ‘

protein (CP) acid detergent fibre (ADF) and phosphorus (P) The addmonal wavelengths

. requrred for caubratton of APDMD was expected as: dtgesttbtlm is-a comple\ determmauon in

4 . terms of chemtcal analysrs

The squared Stmple cotrelation coeffi icient (r’) of qualtty constttuents was equtvalent 10' o

or htgher thadnakose reported by Burdtck et al. (1981) and Templeton et al (1983) An r of

0.89 between, NIR and laboratory analvsrs was obtained for APDMD. This was lower than

the lower precrsron assocrated wrth APDMD dctermination due 1o diff erences in chemical -
L]

analysis. The major dtff erences between the I-VDMD mcthod (._Terry and Tllle)‘ 1963) and .

APDMD are as f ollows the use of rumen hquor containing numerous enzymes with a

subsequent dtgestton 5y acid pepsin in the f ormer compared to actg pepsin alone in the latter A

; consequence of the greater num ber of enzymes in rumen hquor dtgestton is an xncreased

b . . ' ! d +*

" ’breakdown of the forage be?ore protein degradatton occurs by the acnd pepsin. Hence the lowcr
-precrsron in the APDMD determmatton The larger difference between the laboratory and NlR

mean valt.es for predrc?ron after bias adJustment (Table 3 8) may be explamed by the variable

} i 6unts of mtrogen chemtcally bound to ltgnm that are totally mdtgesttblc that would be

inc }lded in the’ spectral data. The SEP f or APDMD and P exceeded the SEC by oné third or
R
; .J'm_,\ re which was in agrebme&qt wrth reports on fixed f 1lter mstruments (Shenk et al 1981) As’

maccuraexes of its determmatron

b o e B 1‘

components Theref ore the phosphorus component assocxatron was not be measured as

accurately as other qualtty determmants.

: 3 .3.2 Root ‘tota_l nonstructural carbohydrate

: commonly re'ported f or IVDMD {(Marten et al., 1983a, 1983b) and can possrbly be explamed by. '

B prevrously stated the high value for SEP of APDMD assay may be i m part due to the mhérent y

5 ’ B
Mmerals ‘are not measured dtrectly by NIR but by thetr assocratton with other plant :



: Litera'ture on the .determinati.on of ogganic ‘cetilp0unds m particular root total
\ nonstructural carbohydrate (TNC) in'forage species using NIR spectroscopy is limited (Marten "
el al 1983a; Brink and Marten, 1986) One of the major constramts stated by Shenk et al.
(1978a) for accurate NIR analysrs is that the chEmrcal composmon of the cahbratron and
,prednctlon sets be congruent. Thrs constramt was adheredT‘m thls study (Table ,3 9).
“ ’” “The procedure of Smrth ( 1981b) f or the determmatton of TNC is costly, complex and
diff |cult to standardrze wrth the method f or root TNC assay of bromegrass bemg more d1f ficult
_than alfalfa. This is due-to the additional analyneal steps required ft or the breakdown and
release of fructosans into solution to obtain TNC concentration. This was reflected in the larger
standard error of laboratory '(S‘”EI;) assay %f 145 for bromegrass as compared to 1‘.36 for
alfalfa. Three wavelengths were required 10 producethé best equation for analysis of root TNC

s
of alf alfa f or'the mathematlcal treatment log(l/R) The R? values and standard)error are o

mter felated An mcreased R? correlates- 10 a lower standard error The squared coef f icients of °

> multiple determination (R?) of known TNC values'on NIR_vaIues was 0.91. The standard’
. | . W . - N
errors of 'calibratio,n (SEC) were higher than those reported by Brink and Marten (1986).
The NIR standard error of prediction (SEP) was substantially lower at 1.05 for alfalfa,
4

but higher at 2.19 for bromegrass (Table 3.9). The coefficient of determmatron (r*=0.88) for

alf alfa root TNC and SEP (1 .05) was lower thah repor{ed in the hterature (Brink and Marten,

1986) The standard error of laboratory (SEL) obtained l)y usmg th?method of Smrth\(.l981b)

was hlgher than that reported ,})y Brmk and Marten (1986) who used a modified version of
{1969b). Thrs may be a reflectxon of the loWered precnsxon assocxated with the 1981b .

od due to the modtf 1cat10:ns madé bv Sr‘mth to the 1969 method These modrf ications |

- entailed the reductton of analysrs trme by,@proxunately 43 hours Thrs was achieved by (1) a

reductlop'mﬁz n trme‘ﬁ‘om 44, hours (1969b) to 24 hours (1981b) and (2) the removal of

the deleadmg &gc af ter the chrrfteatron of: the suszar extract. Khaleeluddm and ﬁradford
, (198@) have sBown that deleadmg with lead nitrate as Smith recommends in the 1969 method

L3 .Ao

rnterferes thh the copper 1odtmetr1c titration. Whether the reaspu for tife removal of the:

U



. V! ‘a?‘: “r S
. . B
. (.. P

d Bradf ord rs not known

.-

‘deleadmg stage in Smrrh s 1981 method is the same as Khaleeluddm

industry, have studred the limitations of’ NIR uulrzauon due to e requrremcmrthal each -

‘ instrument be individuallrr c'alibrated The proposed solulion"was the transf er of l‘\JlR
calibration equatrons by computer f rom one rnstrumem to another. As the author was no
longer able to use the Technicon 500 rnsrrument to determine root TNC of bromegrass a f ilter 4
| transformation of the calrbratron equatron was made to the Technicon 300 model B al lhe
University of Alberta, Barkiglt.

o, Ky
instruments operate in a

F rqr A filter transf ormauon was possible because both

v&le.,”" arﬁ Inode usmg an mrergratmg sphere to collecr the ref lecled
r o .

light.
The low squared srmple correlauon coef f icient (r*=0. 78) and large SEl’ (2. 49) for
bromegrass root TyC assay can be attributed to three causes. (1) The drastlc reduction in the

| 7» number of wavelengths avarlable for calibration (from 700 to 8) due to the filter .
transf ormatron from the scanning monochromerer to the fixed l‘ ilter instrument. This reduc i

w i | "
the R from 0.93 to 0. 78 for the monochrometer an/d f rlter rype mstruments respecuvely (2)

o

The fixed filter mstrument used rspnmarrly for cereal grain analysrs of 1bre protem and

_moisture. (3) The mherem maccuracres in the chemical procedure of Sn})h (1981b) for the -
s . determmatron of £ ructosans No comparrsons of the data obtained in this study can be made.
o 'for the. bromegrass root TNC filtgr transf ormauon or equation developmenr, as there is no
publrshed hterature on thrs species aVarlable | _

An rmportant part in mterpretmg changes in pasture and range condmon is the &
. determmatron of botamcal composmon l-Iand separatron has been ound to be the ntost relrﬁble
. method"m determmrng botanical composmon. Samples should b,e randomly taken ar}(/ ’

| representatrve of the pasture or range However this has proven cosrly and,jaborrous Coleman
s - vet al. (1985) used NIR to predict various plant specres usmg artrf rcral mrxtures and commercial

hay samples. Results ,mdrcated NIR was more accurate in the predrctron of specres in the

artificial mrxtures than in commercral hays The difficulty m predrcnon of certarn specres wis

. . s . . .
3 «©
E -
v e + .



related to.( 1) intenf erence between specres (2) sﬁp}(mg error and (3) methodology €ITor.

The herba e samples used for the quality assays in this study were also used to test NIR
predittion of alf alf and bromegrass percentage composmom The percentage gfass and legume - )
for each samplc was\ related to the spectral dala from the Techmcon 300 model B using the

same procedures oulf;ned prevnously Calibration equations wrth coefficients of determmanon

f urther due to the extremely low Rl values. These fi mdmgs may be the result of three factors;

(1) mterference rom specres other than those being predrcted ie. weeds (2) the small sample ",’ '

L}

size (N=42) u d for the carlbratnon and (3) the use of a fixed f 11ter mstrument desrgned for
the assay of mdrsture protein and oil in cereals ie. the lack of specrf icity. of the NIR spectrum ' )
. L e
. lo species composmqn ),. ‘ :



* v

3.4 Summary and Coﬁclus;ion

~ (1)NIR t’echnbiogy is an anglytical\méthod that i's.inexpe'risive and rapid for the assay
o'f numerous agficultura_! commodities, |

(2) Th;t fixed filter NIR instrument used in this study érovid_'ed an accuraie and rapid
analytical'mcthod for the mcasurement‘ éf forage .quali;y (measu_rea ﬂas acid pepsin dry matter
disapﬂeéran‘ce,:protein, fibre a‘nd phqs‘phofus\). The limitativcl')ns 6f this ihstrume;\t became |
gvident waheﬁ root TNC of bromegrass was determined. |
| (3)Thespectro'-cbmput§:r used in this research demdnstrated that NIR analysis was

better for repeatability th.an conventional la'boratory analysis when used to assay root TNC of

alfalfa. ,

e

e
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4. PART In: EFFECT S OF SUMMER DEFOLIATION AND APPLIED NITROGEN ON
FORAGE PRODUCT ION

"

4.1 Materials and methods

4.1.1 Field trial locatlon chmate and desrgn
Field- mal locauon soil type, climatological inf ormauon for the regon and site hrslorv
are presented in'Part I (section 3.1.1, page XXX) For.further detailes on the expenmemal

L

design and treatments‘used in trial A consult Part I , page 16. -

4.1.2 Field observations ) e L .
In t.’rial A dry rnatter yields rvere recorded at e‘ach harvest in 1984 and 1985 .( Appendix.
5). Sub-plots measured 8m x 2.5m. The farage was harvested with a mod{’d Mott harvesteg
by clipping an'area 4 2m? (6 88m x 0 61m) per sub plot. The. ehppmg helght was 4cm and dry
matter yield was determr)rred by dryrng all the forage harvested at 50°C to a ‘constant weight. A

sub-sa’mple_ of approximetely 300g dry weight was collected for f orage qulality analysis in

- August 1984 and for all harvests in 1985."

Herbage samples were colleeted from each sub-plot at all harvests in 1984 and 1985. At .

the fi 1rst harvest in 1984 a single herbage sample using a rectangular quadrat (1m x 0.25m) was’

collected for the deterrmnatrpﬁ of botamcal composmon (Kershaw 1964). However, u;even

~ and sparsg regrowth at _supsequem harvests made it desirable to double the sdmple area by

‘ harvest'rng two lm x 0.25m quadrates per sub-plot. Sarr:ples were‘stored in a freezer at -10°C.
until hand sep:rrations cpul‘d be mede to determine the percentage by weight of alfalfa, smooth

A’ bromegrass and other herrbage. . ‘ |

~ The mean height of the sward was determined to the nearest centimetre at each harvest
date in both years: Three measurements per sub-plot were recorded and the mean value
calculated, Alfalfa density was recorded at each rvest in 1985. To quantify the observatiorf .

<,

4

.«‘ _



. ! .
alfalfa density was recorded in 1985. The. nurilber of alfalfa-plants in twe Im x Im quadrats

were counted per sub-plot.

. . o

4,1.3 Field sampling of root material

Root samples of alfalfa and bromegrass were collected at- each harvest in 1984 and 1985
in trial A (Appendxx 5) to study seasonal variation m total nonstructural carbohydrates (TNC)
concentration levels. The proced\l used for sampling .an‘d processing alfalfa anfl bromeégrass
roots prior to grinding and T{\l a lyses are presented ‘in detail in Phrt l& (section 3.1.4, page
9.

‘

{ a . * . i ‘
4.1.4 Chemical analysis : A o L
e
Hérbage and root material were used in separate analyses. ‘Pw/r to analysing herbage

‘and root samples using NIR spectros;opy a sub-set of each were analysed by convenuonal
¢

laboratory procedures as outlined in Part I (section 3.1. 5 page 19). The Technicon 300 model

B (contammg eight mterference filters in f xxed posmons) was calibrated and subsequemly uscd ‘

to assay all remaining of ht_:r_bage samples. The Techmcon 500S was used to estimadte root total_
nonstructural carbohydrate in gﬂglfﬁ”.' A'cialib‘rat‘ion equation to assay percent TNC of ‘\sr'n‘ooth
bromegrass was alsp devgippé'cf gn the 500C r/ith 'af ilter transf ormation to thg Téchnicon 300
‘model B. Further information is presented in Psrt I (section 3.1.5, page 20).

4.1.5 Data analysis \ o N

Trial A was a split'piot design. iAnalysis of variance tests svere <perfotmed to determine
if there were sngmf icant effects of mtrogen def ohatlon and year on all parameters collected.
‘ Sample means were tested for dif ferences using Duncan's New Multiple Range test at p=0. ds
i~.(ﬂ’:_'.»te‘el and Torne, 1980). Model predictions for total dry matter yield were generaled from a |

a':stepwise multiple regressioé_-equation (Steel and Torrie, 1980). &' ;

et ‘. ¢

8



Correlations between dry matter yield and root TNC levels of alf alfa and bromegrass
were determined for data collected in 1984 1985 and a combmed analysns These data included
all treatment combmauqns (ie. mtrogen by defolnauon) with samples collected periodically
, (AppcndiM from May ;6 August. As yield data was collected from ten replicates .ﬁnd INC

reserves {rom two replicates, mean values were used for correlation analyses.



4.2 Results ‘ ‘ _‘ : .
\\ Thisésed‘tion examines the effects orvnitrogcu. defoliation, fallcutting aggh their
interactions for the parameters recorded under llrrec sub-sectibns..‘Results.are set out l‘ﬁtriield
data, herbage quality and root TNC rese'rves. The first table in ach sub-section lists the
parameters recorded; each parameter is taken through the statistical analyses used, once
completed the fiext parameter follows in the same patt;m. This format is retained for the
remaining sub_-secrions. -

I ]
- 3

4.2;1 Field datg ‘ P S« I

| The uitrogqn and defoliation treatmenls plu‘s their interaction showed significant
dxf fi erences al p=0. 001 for legume and grass dry mattqr yxeld and The mtrogen x defoliation
Jetreacuon for total producnon (Table 4.1) wids s:gmf icant at p=0.05. le ferences between

years for qll dry matter yields except Lotal herbage production were also significant. The

)
i

mteractlons year by nitrogen, year by defohauon and year by nitrogen by defollanon showed
significances at various levels of probablhty for total, legume and grass dry matter producuon.
. No signif icav_xvn difference for the legume dry matter interaction year by nitrogen was recorded .
_An analysis of variance f or 1984 and 1985 (Table 4.2) showed signif icam F values for t&tal dry
" matter production, legume dry matter and gras\ dry matter production for 1984 apd 1985
nitrogen fertilizer treatments, with the exception of legume dry matter i 1984 Cuts per year
and the mleractxon (nitrogen by.def ohatron) showe,d ‘signifi rcance at various levels of probabnhty
for all yield variables in both years _ . h | ' ® t
Main treatment effects differed significantly among total dry matter, legume dry
. matter and grass dry matter production in 1984.and 1985 (Table 4.3). An increase in
nitrogehous f ertilizer applicatie'n_usually'resuited in an inerease in total dry matter yield of the”
sward (Figure 4.1). In 1985 sward production was mcreased by the three levels of mtrogen g .
fertilizer applications, whereas nitrogen apphcauon from 200 to 400Kg/ha did not s:gmf icantly

-af’ fect yield in 1984 (Tab_le 4-3). Def ohat_xon frequency resulted in the same trend in both years,

L]
»
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Figure 4.1 Total herbage dry matter produénon in a grass-legume sward under three nitrogen
and three defoliation regimes in 1984,and 1985 in trial A. (Means within each treatment x year
histogram followed by the same letter are not significantly dif ferent at p=0.05 according to
Duncans Multiple Range Test.) .
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where srgmf icant total dry matter yreld dtfferences occurred among all treatments (Frgure 4, 1)

-
.

\, Total herbage dry matter yteld drf l' erences forlttrogen levels wrthm cuts were more |
pronounced in 1983 and in the 1984 85 total thar, 1984 (Table 4. 4) Nrtrogen applrcatron |
mcreased yteld under all def olfition treatments w:th the exceptron of the 1 cut treatment in, )
'1984 Yteld in the second year was reduced f or all dEfohatron treatments under 2e10 mtrogen '

R | fertt-kzauon In general productton was mcreased in 1985 compared to 1984f0r each harvest -

' regtme when msrogen was applred (Table 4.4). In 1984 nttrogenous f ertthzer drdJrTo(t af fect

"_alfalfa dry matter yield (Frgure 4.2). In the second year (1985) both @gen appll’catrons

j mcreased productton over the control treatment No drf ference 1n \yield tre\rtds werer found

| ) between 984~and 1985 defohatron schedules. In contrast alfalfa dry matter yield tn ‘1985 was

' k ". af f ected by all def oltatron regrmes wrth the least yield under the four cut system Nttrogen . ,

: plrcatron mcreased grass dry matter productdton in 1984 and 1985 (Figure 4.3). Substantial . |
Xd mcreases were recorded for the 200 and 400 Kg/ha mtrogen treatments m 1984 and 1985 '

compared to the control but o’ sramfrcant dif terence between'the 200 and 400 KgN/ha

i;‘u. - ‘ ’ Stgmf icant dif ferences for nrtrogen defohatron and therr mteractr\n were revealed in -

*an analysrs of variance of percentage legume and grass in the sward (Table 4. 1). There were

srgmf icant drf f erence&ﬁor vear, year by mtrogen (except for percent grass) year by defoltatron

and year by defolratton by mtrogen The analysrs of vanance for 1984 and 1985 revealed that

the percent composmon of the sward was srgmf 1cantly af fected in both years for both specres R

by m;trogen and def ohatron treatments (Table 4 2) A comparrson of main treatrhent ef fects ce

(nttrogen and defolratron) showed that changes in the percent conkposrtxop_hy\werght in 1984

and 19}?5 were drfferent (T}gle 4:3). Changes in legume and grass percent composrtton of the

R sward were greater in 1984 than 1985 Legume percent was reduced by mtrogen applrcatton and '

»

- f requcnt def olratr,on i 1985 the reverse patitern was found for 1984 For both years the '

- P

l‘percentage grass in the ﬁvard mcreased with mcreased mtrogen fertrlrzatton and decreased with-

* incféased defolratron\ _




? Table 4.4 Total herbage dry matter ynelde OT an alfalf a- bromearass sward harvested
& one, two and four cuts per year and three levels-gBmitrogen in trial A,

_ N . Dry maijcefllll™g/ha)

* Harvest C 0 level — - ; _
~Jype ‘ ' Kg/ha | 1984 . " Combined

~ lcut/vr > oo 0 : 3.6a 2.8"b‘ S 3.2 |

| 200 4% - 50a 492
. .Qﬁo 48 49 4.92

2eusyr 0 4.9 C34c 42
v,o - oL ‘ o -
Eae o220 5.4a 6.1b 5.8b
400 5.9a o 71.2a 6.6a
; | . , .
2’ . 4
4 cuts/yr ' 0 1% " Ll o 1.5¢
| L2200 3% . 3 33
;o - .40 - 37as . 37a NS

N ..:’ X o " ¥ R . ) . v N N

¢ @-C, Means within a column followed by the same letter are not sngmf 1cantly different at
. p=0.05 accordmg to Duncan’s New Multilpe Range test. .
. “, :
" AY L ~ - 3
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I‘igure 4.2 Alfalfa dry matter producnon in.a grass- kegume sward under- three nitrogen and '
‘three defoliation regimes in 1984 and 1985 in trial A. (Means within each treatmént x year
. histogram followed by ‘the same letter are not slgmflcamly dxfferent at p =0.05 according 10
Duncgs Muluple Range Test. ) : ‘ )
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The growth stage of the grass (Q§G) hnd legume (GSL) was srgmf 1cantlv af fected by nitrogén,

defoliation, their mteractron years and year mteracuons as shown in the 1984-85 analysrs of

,. variance (Table 4, 1) An analysrs by mdwrdual years showed srgmf icant values for defoliation

)

L3

.o

[

(

¢

in both years aithough mtrogen was only*srgmf icant for GSL in 1984 (Table 4.2). The
-mteracttons of nitrogen by daf oltatton for GSG and GSL in 1984 and 1985 were hrghly

srgmf icant (p=0.01 or higher) with the exceptton of GSL in 1985. Mam treatment c0mparrsons
f or 1984 and 1985 are set out- m Table 4.4. In 1984 under dry conditions (Appendn 3) applted
nitrogen mcreased plant maturrty and mean sward height. However, under the moist condttrons
ol‘ 1985 no dif ferences between mtrogen treatments occurred for maturation but were present
l“ or plant height. As the number of def olrauons increased the growth stage of the lggume and

grass decreased Signifi |cant dtf ferences between defoliation treatments for GSG and GSL were

the same in @ears

“ \
Al?’analysrs of ‘variance of the mean sward’hetght f or 1984-85 showed srgmf icant

'.

dtf l" erences for nitrogen, defolxatton and years (Table 4.1). The analysrs of vartance for height

1

revoaled stgml‘ icant differences f or the nitrogen and defoliation treatments in both years (Table -

o o

4, 2): In 1984 and 1985 the application of nitrogen (at erther 200 or 400K~g N/ha) increased the

, meallt swar'd height compared to the zero treatment (Table 4.3) The more f requent the S

systéms. . . ¢
o T '

A

year reduced ‘the alfalf a plant densrty, however there was no difference between the 2 and 4 cut

def olratron the shorter the sward An rncrease in the number of def oliations f rom 1to4 per “" ﬁl

,6

"'h

4. 2 2 Models for yreld predrctron
\ ., . ¥

A srmple yreld predrctlon model was deveIOped to simu’late the dry matter production by

/

a grass legume sward under varrous management regrmes Multiple regressron correlatrons
,7
relatmg plant height, growth stage of the grass and legume to dry matter yteld were performed

in 1984. 1985 and a veombxned analysis. The principles of the_models are similar to. that of -

HuSsey et al. (19‘855' but the iodel contained an'additlonal variable 10 account for the



. 55

. 'phenology of thef grass and legume component of th)sward.- Significant correleuons“were found . '
‘for height and grc;wth stage of the gréss f or estimating dry matter yield in 1984.“1985 and in the
combinedanalysis.(Table 4.5). Meah sward height and growth stage of ._the grass accounted for
- 72-78% of ‘the v._ariation in yield of the brome-alfalfa sward during the study. Including the
.grow':,h_‘st(age as a'variable with height in the prediction model, increased the percentage of |
variat‘lo\n in yield accounted for from 88 to 91% in 1984; 92 to 94% in 1985 gnd f rorn 83 10 90%
for the combined 1984-85 analysis. k o |
4.2.3 Herbage quahty
The mean square values and signific 1cance levels of acid pepsm dry matter disappearance
(APDMD) for herbage materlal harvested in August 1984 and 1985 are p;esenled in Table 4.6. '
Additional soil nitrogen did not af Fect APD_MD whereas differences were observed for |
1 defoliation vtreatments in both.'years.,’l'he interaction of nitrogen by‘ defoliation was highly
. signif icant in 1985 .'A closer scrutiny of the main def oliation treatm.ent ef fects (Table 4 7)
revealed the same trend in 1984 and 1985. As the number of harvests increased there was an
increase in APDMD. Nrtrogen treatments produced no srgmf icant changes in APDMD in 1984
(Table 4.6) or 1985 (Table 4.8). Both vears ‘received below average rainfall durmg the growmg
season (Appendix 3).
An analysns of variance for'crude protem (CP) content of the sward in August 1984
and 1985 shoyed mtrogen and defoliation treatments were srgmf 1cantly different except for
mtrcggen in 1984 (Table 4.6). The mteracnon of nitrogen by defoliation was sngmfrcam for 1985
only. A companson of treatment mam eff ects for def ohauon on the CP content of the herbage
(Table 4.7) mdrcated the less f requenl the defolrauon the lower the CP content. The same
trend in percent CP was found in both years with the hrghest protem under the 4 cut and lowest ‘
» ’under the 1 cut system Nltrogen tteatments produced no differences in 1984 whereas %

significant diff erences (p= 0 05) were presen& for all treatments (Table 4, 8) As the nitrogen .

apphcauon rate 1ncreased the CP content also increased.

oLty




Table 4. 5 Regressnon equauons xllusuatmg the relauonshxp between total dry’ matter yield
(Y), mean sward hexght and the growth stage of the grass in trial A.

- Year i LT ‘Regression equation -
1984 Y= -467.01 + 23.34X, + 122.59X,

Ri= 0.825* (n=208) _ ;
‘Standard error of estimate of Y = + 1.36

1985 Y= -366.56 + 34.61X, - 133.87X, o
~ R*=0.883* (n=207) -
Standard error of esnmate of Y = + 1.22

Combined Y= -406.59 + 29.9‘9x, +19.19X,
- Ri= 0.818 * (n=415) .
Statdard error of estimate of Y=.+ 0.72

S

'X, = Mean sward height.
X, = Growth stage of the grass.
- * Significant at 0,05 level of . probability.
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Table 4.7 A comparison 6f treatment main effects of three defoliation treatments on herbage
quality measured as percent acid pepsin dry matier disappearance (APDMD), crude protein
(CP). acid detergent fibre (ADF) and phosphorus (P) in August 1984 and,1985 in trial A.

19.8¢

Date Treatment ~ APDMD ~  CP ADF P
% »

August 1 33.6¢ 10.5¢ 36.6a 0.106c

1984 “ Fsb 16.3b 2816 0.159b
4. 55.6a 2332, 183 0.234a

. . s

August ] 34.2¢ %.lc-‘ 2.5 0125

1985 "2 46.3b . 19.3b 23.7b 0.2096°
4- 49.2a 2322 0.250a

. a-c, Means within a column followed by the sém_e letter are not significantly different at the

p=0.05 according to Duncan's New Multiple Range test.

4
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‘ Table 4.8 A comparisox{ of main treatment effects of nitrogen applicaiion (Kg/ha)on
herbage quality as measured by acid pepsin dry matter disappeararnice (APDMD), crude protein

(CP), acid detergent. fibre (ADF) and phosphorus (P) in August 1985 trial A,

Treatment . APDMD * CP

1
‘

, ~ ADF P
Y - %

0t - 0] 15.8¢c 26.62 0.173b

+200 43.4a 18.6b 25.2b 0.203a -

3 ‘ N ‘

400 . 438 ©  19.2a 24.3¢ 0.207¢

a-c, Meﬁns wit»h%i' a column followed by the same letter are not significantly different at

'p=0.05 acqor‘_jng to Duncan's New Multiple Range test.

il
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The mean square values and significarice levels of acid detergent fibre (ADF ){or
August: 1984 and 1955 are presented in Table 4.6. As for crjmt.“protein. the nitrogen
fertilization and defoliation treatments. were significantly different (p=0.001) in both years
with the exception of nitrogen in 1984. The nitrogen by def oliatiort interaction was significant
only in August 1585 The comparison of main treatments for defoliation (Table 4, 7) revealed a
reverse order of magnitude in ADF content compared to APDMD, protein or phosphorus. The
maximum fi ibrc content was obtamed ‘under the 1-cut and least under the 4 -cut system in both
years. Under zero nitrogen (Table 4.8) the fi ibre content was the highest and apphcation of
nitrogenous fertilizer caused a decrease in the acid detergent { ibre. It should be noted that if the
data presented in Tables 4.7 and 49f or forage degradebility (ie. APDMD) and fibre are
totaled there isua balance of 20 to 30% not accounted for. The cell wa‘i’l contents were estimated
using ADF ‘which does not measure hemicellulose or pectin and these substances can account
for 11 to 50% of the cell wall contents. Similarly APDMD is not an absolute measure of cell
contents but is an "indicator " of digestibility. Hence ADF and APDMD combined dre not
expected to total 100%.

An analysrs of variance f or herbue material’ harvested in August 1984 and August 1985
for phosphorus (P) content. (Table 4.6) showed the same trend as observed f or protein and -
fibre. The nitrogen treatments produced significant differences in 1985 only. Defoliation
' regimes produced substanttal changes in P content (significant ; p=0.001) in both years. The |

interaction of nitrogen by defoliation altered the P content only'in 1985, A companson of the
defoliation treatment means showed the highest 3 content under the 4 cut system and least
“under the l'cut system (Tabie 4.7). Nitrogen application vias not significant in August 19ti4 but
resulted in signif ican:tly higher h‘erbzi’ge P _content cornpared to the zero nitrogen treatment but
not between nitrogen applications of '200 and 400Kg/ha in August 1985 (Table 4.8).
Forhg_e degradeble dry matter (DDM) yield in Mg/ha was calculated from total dry
matter yield multiplied by the decimal fraction for APDMD ‘(Table 4.9). As previougiy stated

the APDMD values are used as an "indicator” of digestibility (ie. acid :Pepsm-degradebility) _
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Tabhle 4.9 A comparison of forage degradeble dry matter yield (Mg/ha) under three levels of

nitrogen applicatipn and three levels of defoliation in trial A in 1985.

. Nitrogen

Defoliation treatment (cuts/ year)

Nitrogen
Kg/ha 1 2 ) mean
0 0.9 © 1S 0.5 1.0
200 1.7 2.8 1.5 2.0
400 1.6 sf .. 19 23
Defoliation {L
mean 1.4 1.2

.5
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hence the truc l ecding value would be hlghcr than the values l'h-'l‘able 4.9. NW gén*apxgltalibn &
'Dl*") ‘ » IS 5

also increased the DDM yield. However, the yield response from an appllcauon of ‘ZQO o 6{‘
3

: ‘ 4
Kg N/ha was less than observed for thg 0 to 200 Kg N/ha treatments..These results mdlcafe) L

that above 700 Kg N/ha factors other than notrogen are limiting. The nitrogen treatmems .
0N
.

doubled or quadrupled the DDM yield dependmg upon the cutting regime. The gre‘%test mcregse '
in DDM prodtlctxon by the addition of 0 to 200 Kg N/ha was obtained under the 4 cut regime. ““”\
‘ Substarmal mcreases were recorded (from 2.8 to 3.4 Mg/ha) for the 2 cut system by applying N
above 200 Kg/ha. | v

The ‘crudé r)rdtein yield (Table 4.10) increased with the application of nitrogen fertilizer
from zero to 400 Kg"N/ha. The CP yield was greater for the 2 cut system followed by the 4 and
1’ cut. regimes. The 2 cut regime yielded ab:)ut two and three times the CP compared to the 1
and 4 cut systems respééilxelLIhus.if_'Lhe aim is to manage the sward for CP, the 2 cut system
is the most productive harvest regime studied. The responses to nitrogen within zach defoliation

system were similar for the 2 and 4 cuts as CP increased with each additign of nitrogen

fertilizer,

4.2.4 Root total ndnstruc'tural carbohydrare
The root total nonstructural carboliydrate (TNC) for alf alf a revealed significant
variation by year and by defoliation treatmerrt (Table 4.11). Def oliatib\r\was highly significant
for all' alfa in 1984 and 1985 (Taﬁle 4.12). The effects of defaliation and nitrogen on alfalfa
© root TNC in 1984 and 1585 are presented in Table 4.13. Niirdgen.application generated no }
| differences in alfalfa root TNC in 1984 and 1985, however decreased root TNC levels were |
observed as the frequency of def oliation increased. The stored reserves of alfalfa for each

nitrogen and defoliation treatment were depleled to a greater extem' in 1985. As the number of

£

def oliations per year increased root carbohydrate levels decreased in 1984 and 1985. The root
i

TNC of alfalfa revealed srgmf icant variation for months defolratxon and their mteractxon as

| prcsemed in Table 4.14. The trends in root TNC of alfalfa were similar for the one and two

N
\
! 9
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Tabled.10 A _comparison of crude protein yield (Mg/ha) under we levels of nitrogen -
application and Yhree levels of defoliation in trial A in 1985."
L o
4 4 .
&.v 9 ”

A ' Defoliation treatment (cuts/year) .
Nitrogen c . - Nitrogen
Kg/ha ' Y 2. 4 ' mean

, F . |
0~ o 0.2 0.5 0.2 03
200 | , 0.6 1.1 0.7 © 0.8
00 - ' 0.5 1.5 0.9 1.0
Defoliation © ’

B , //r' . ’
mean 1.4 ‘1.0, 0.6

o? ﬁj"ﬂ .
-"' b ' [ § | .



Mean square “values from a combined 1984, 1985 analyéls of. Vanance for percent

gas{mal A. :
: : <

Table 4. ll

}w

.+ total nonstructural carbohydra‘ge reserves of alfalfa and smooth bromeg

.64

-

w Source‘)_ - df Alfalfa .« Bromegrass x. R
Rgplica‘tiOn(R) 2 524 - v 1451 -
Nurogen(N) 2 15.16 ° ssal e
ErrOraT | 4 Y 120 " R
> . s e R ‘ o
: A ¥ P . .
. Defoliation(D) . 2 .,.655.76 **e 1159 ¢
S e / C e ﬁ</ ' . , .
- DN S 4 1068 * 413
Etrorb 7 12 A - 2.63
- Years(Y) 1 6823 o » 150
RIS S : v
YN 2 6.30 1.74 =
Emorc 6 2.82 6.24 ’
YD T2 083 0.4
" .YDN . 4 15, 74 ' S 091
: Erroi.d 12 2 16 269 il
. : ‘- : ;" r 5 o B .
boe 0ol Slgmfxcant at0 (}5 0. o1 and 0 001 respectlvely S
TError a= RxN Error b= DW Error c= YR/N Errord’ YRD/N 8 ‘_"’-‘*.
- e . oo L o
; - o “ “[
f « , B - . ‘ > z



- Table 4,12 - Mean squ‘areva)ues frem an analysis of variance by year-for pefcent total " I\K«
nonstructural root carbohydrate in alfalfa and smooth bromegrass in.trial A. '

“ N \ . . N . . B .
v . . S s _ i o
. . . S ° T [ . .
. X | .

e . Alfalfa, Bromegrass

Source . . o.df. 1984 1985 19847 1985

x10* -

Replication(R) 20 31w 29.09 . 1.36

E

e L PR N
Errorat 4 130 488 e 2“54,3’”' P i S P
e | o . o ) aﬁﬂ Q'w

 Nitrogen(N) . 2715 3 144 SLTL e

, Defonatign(n) 2 304.99 **+* 35161 *** 284 * 019

v
- 2

" WDN S 4 T4se 9T T3
Brorb . - . 18 140 , 288 426 ‘106
\ B . O . N . ' EY ) v . " . . .

;% 9% *e% Significant at 0.0, 0.0 and 0.001, respectively.

" ¥ Esror a=RxN; Error b=DR/N, °

- . N . . . ' . . - . ’ o B -
‘ - [ . ° . ' ¢ ‘ . ' o Coee . -
R S ‘; : . . ‘l'*ﬁ . L . © . ; .

to \ %‘- . “; Cuade e Ll ‘_.w -k

. o ) .,." . &
D D
i"' \-, A ; ; . D . "v
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“ Table 4.13 A companson of percent TNC reserves at three levels of mtrogen aﬂd def oliation

for alfalfa and bromegrass roots in 1984 and 1985 trial A.

L w‘ B
' ,N.it'rogen‘ R Defolnauon
. Year .’ Treat_m‘ent' - Alfalfa Bromegfass, Treatmem Alfalfa Bromegrass '
1984 om0 1812 - 15288 - 1 2508  15.60a
o 200 - 18.68a  13.566 2 18146 13.90b
a0 199% . Ble 4 BSle  124%
| ‘ . Q. ‘ Y N R . . A . . . - .
1985 . S0 . 162 16.2% - 1 2302 13.7%
ol a0 14t B2 .2 15800 13.50a
" . Coaw0 o 1637 - Lase 4 108%  13.70a
a-c, Means within_a column followed by the same let@r are not sxgmncantly dif’ ferent“él‘tw- """""
p= =0.05 accondmg to Duncan's New Multxlpe Range test, / 5 s
‘ E g l. » tl“: '.-.
- . . ‘ .J,.,
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, T.lble 4.14- Mean squares f rom analysxs of variance by nﬁnths for percent total nonstructurai

2 E carbohydtate in the roots of alfalfa and Smooth bromegrass uf%985 in malA
‘ . : h ix *
Sourgg o df - Alfalfa o - Bromegrass | L
&  Replication®) - 2 . 227 386 | s
. Nitrogen(N) 2, s, L0 e
" Emorat . 4 10.99 e
" Defoliation(D) 2 31246 e 983 .
. DN A BESVRY : /',_ 360
& Eworb o e 12 .8 341 ° -
o . . s ) . . ). }. "A':;". |
. ; Kﬂt‘-f ‘ . . : ”. . . ' ® o ,.7l‘ fod
, Months(M) LR . 30546 o 17503 e
Cuss 61 e
________________ e 1w
.41 00 - ees ' L S .
‘ o = 7799 * *+ o 1
DMN 12 73 . © 1256

‘Error'd '_ " .' 36 e e 1.97

% = sesSignificant at 0:81 and 0.Q01, respéctively. . D
1 Errora RxN Error b= DR/N Error c=MR/N; Errord MRD/N

PN . A
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, 'cuts per season for 1984 and 1985 (thure 4 % but drf f ered for the l‘ our cut system Wrth the
excepuon of J uly 1985, alfalta root carbohydrate levels were not srgmf 1cantly drf ferent f or the

one and two defolratron treatments in both years (Table 4, 15) The four cut syster{r had

)

| significantly lower root reserves from June to August in both years

*

- Table 4, 11 showed root TNC of bromegrass to have srgntf rcant diff erences among the
A

-_mtrogen and def olxatton treatments _The analysis of bromegrass root ‘ILNC by mdrvrdual years

14

showed signifi icant drffe\rences for defoliation in 1984 and nitrogen in 1985 (Table 4 12)
Diff erences in bromegralss TNC were found in 1985 between each mtrogen applrcatron The
highest level }was recorded for the zero KgN/ha treatment and the lowest at 400KgN/ha (Table

P
‘4 13) No drf? erence m the TNC Teserves were noted .the defohatron treatments f or -

0 : ~
-

wmegra,ss m 1985 ¥he ef f ect of the three def ohatron regrmes on the trend of bromegrass

* bohydratewserves m 19 4 w3s srmllar to that observed for alf alf a (Table 4. 13) ‘where
._ e m.,. (YT
 resetve levels wefe reduced by lil‘equent defohatron To examme any drfferences in. r# TNC .

.

&
_accumulatron in bromegrass an.ar lygs of Jariance by months (T able 4.14) revealed a’’
oot )
significant vanatlon in brorgasgrass root reserves f' or m ths.lnrtrogen and therr mteractron was
. N
recorded Thie trend of bromegrass root TNlC at éh mtrogﬂn\Qels w%f ferent m 1984 and

/1985 (Frgure 4 5, Table 4 16). A shg‘rt mcrease in: bromegrass 10Ot reserves were found in 1984

" in contrast to a decrease m-1985 The percent TNC of bromegrass was found‘to be highest f or -

the zero nrtrogen treatment ‘through May 1o August 1984 and 1985.-An merease in mtrogen- )

fd applrc/atxon from zero 1o ZOOKg/ha reduced root TN(; levels substantrally (Table 4 16) )
"Differentes between the 200 and 4%)0 KgN/ha only :)ccurred durmg May 1984 and May and
August 1985'{he stand;ri error of the\mean at each har:/’est rncreased as the season pro\gressed ‘
jin 1984 and I985 (Table 4.16). - A g

A \

4 2 & Correlatron of TNC reserves and yreld

¢

(Eorrelauons between dry matter yield of alfalf a and its TNQ percent ona dry werght

basrs at the time of har@t were srgmf icant (Table 31 17) Correlatron coefficients were posmve

~ - R . Pl
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Table 4.15 Total nonstructural carbohydratc reserve percentage (and least s:gmf fcant .
.. difference) .in alfalfa‘soots intier three def ohauon regxmes for the growmg season'l' of. 1984 and

1985 m@-t;xal A. ‘ - o ‘ i ,:7. | | }% ,f'@
. ) - . . & ! h
] , ! . ) ‘ ‘ . "'
R S . Number of cuts/year. . . ! y
Y& Month o 1 ‘ 2 k 4 . s SEp |
P ‘ ) ‘ . RO Y . 4'_
1984 . May 1302 13.0a 1302 oS (O
. o June l4sg Mo . 104 @-:;(143)
Ty 1ol .t 1422 l04b, (2 7)
‘ . X N T + . .: * ) oy N
Augist: +  25.a 2548 17.66 . 3.1)
ko P . N a
L1985 © May . g2 - T 109 0 (0.)
. June © - 1562, L 104 (2.0)
. ) ’ . ™ rl‘?. ' . ' -y .
N July 1682 12 ® 199 (24
. . Pl . - ' ) . '
August’ . ZJQa : - 219 | ll.fb . (‘4.5)

T Growing seasonéMay to August : . R "— .'. F
éandard error of the mean. - ' e -
1) Could not be calculated as only one defoliation reglme was sampléd

a-b, Means ‘within a row followed™by the same letter are not sagmr 1cantly different at p-O 05

accordmg to”’Duncan 's New Multiple; Range test: .
) I
7 e 3
.\ L ]



»”

by -

< PERCENT TNC.

g .0
1984 '
\:" \‘Q { .
1 RN
-5

- L ' mm Nia
0K Ha

P

= e

. \ 0 -+ =
- _.  MAY

CUNG L AUGE
N TR - SO

. Legend B
SN

n..

o

v

3

3.

y o L 1985 -
. . C " &
; 4 @ ) .
‘ Q 201 A
e f
= e < .
g F -
& NN 7
a 10 . -
® ;- Legend |
200 KG N/HA
. - 400KONMA —
0+ — - - ek
‘ MAY JUN  JUL AUG . :
' «MONTHS
) N Y €
3 . : 1
- ,, f

Figure 4.5 Root total nonstructural carbohydrate over the growing season for smooth s -

' bromegrass under three nitrogen regimes in two Jears jn trial A.
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Table 4.16  Total nonstructural carbohydrate reserve percentage (and least significant
difference) in smooth bromegrass roots for the gréwing seasont of 1984 and 1985 under three
- nitrogen reglmes in tral A R . .

Nitrogen (Kg/ha/year)

—

Year . Month _ 0 - 200 400 SEp
1984 May 11.3a © 99 . 9.2 'eo 4)
i » . ;
1592 7. 1406 " - 144b° (0.6)
1462 10.9b Y1156 - (05)
-, 15.6a | 135b 13.‘3b,\“ 09
© 7 16.59, 15.4b 141c (0.3)
. 18.52 ~15.5b 1580 (LD
< BT 9w 94b (1)
- 16.4 1346 109 (1.9)
= _ . - i o
1: mwmg season= May tofAugust o L
xxlatd ﬁrrqr of the mean. ' ’ ‘
5’ nsﬁwnhm a row followed by the same ,letter are not significantly dlffercnt at p=0.05 .
10 Duncan’s New Multiple Range test. ‘
7~\f‘ ' <A o ) ) o o
?* e ; .
-i‘!-m‘),‘- ‘;‘. .- .o



T#ble 4.17 Correlation'd'ata between TNC reserves and vield in trial A.

E

.o
¢

Species ., Year T Intercept Slope
Alfalfa 1984 058 ¢ -71.8 2.5
. P 1985 0.64 * -118.6 18.3
4 , v “* Combined bes ¢ 1399 . L34
- -' o
Bromegrass ‘ T 14 0.14 110.6 $23.7
1985 0.10 934.1 -25.9
* Combined ©0.10. 570.6 4.2

* Significant at p=0.10.

L
-~
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in 1984 (r = 0.58), 1985 (r = 0.64) and a con?bined analysis (r = 0.63>). All correlations of

Bromegrass TNC reseives and yield were negatively correlated but not significant, Table 4.17.
- 1] . 0 .

: RS - 9
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4.3 Discussion ey
‘ / r , .
S ‘ \ - Loms -#gw
4.3.1 Nitrogen . "
4.3.1.1 Field data . . '

Applications of nitrogenous fertilizer to grasses and grass-legume mixtures are used ‘.
. M ’“ i

- 1o incréase herbage production of the grass and thereby manipulate sward composition.
However nitrogen applications will not result in favorable yield increases if the other
growing conditions are unsatisfactory. The total response ol a g{a'ss-leg‘ume mixture to ! s
nitrogen appllcations are complex; comprehensive reviews on the subject reveal ,highll/

varrable results and mterpretauons The components of a mixture respond and interact not

only in response to the type and amount of the nitrogen applicaiion but also to other bR

managemerit practices and the prevailing climatic conditions.
Air temperatures were near normal for May to August in 1984 and 1985 and as'ﬂ\

such were condusive to good 'i‘ofage growth. However, precipitation for the 'same period

was substantrally lower in 1984 than 1985 wrth both years bemg well below normal

compared to the long term- average (Appendrx 3): The differences 'm precipitation between |

the two study years elrcrted extreme responses in yield, plant phenology and species ‘

. composmon that rllustrate the dynamrc nature of a grass legume sward. In addrtron to the
need for adequate soil moisture and temperature, it Ifas been rlltlstrated that hrgh
cari)ohydrate reserve levels during the f all and w;"r'ﬂes’ are esse?tial to maximize the response

‘ . . e
~tof ertilizer applied th‘e following year (Graber etal., 19275." |

| ’I‘he grass and legume components ol‘ the mrxture responded differeritly to mtrogen

applications 1;31984 and 1985 in sward composition and yield (Table 4.3). 'Qie bromegrass '

yield and percentage grass of the sward rncreased substannally in 1985 whereas under the

v drier conditions ¢f 1984 legume yreld and sward composition were ht’gher The chabn e.in:-

: botanrcal composmon and yreld of alfalfa in 1984 &ﬂect adaptatrons to dTy a5

{’4 o i !re' e -*:{_
S
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e depths tharr bromegrnss and is able to use soil moisture more ef ficiently thus provrdrng

adequate yields during exceptionally dry Rears ¢ such as 1”984 Due to the hrgher moisture

! NI -

levels throughout the growmg season of 1985 bromegrass responded by a dramatic increase \" b

in rts contribution to the sward and dry matter yield. Smith (1960) reported that

bromcgrass has 56% of its root system in the upper 7cm of the soil profile. Hence

V-

bromegrass can explort the soil surface layers and take up moisture more efficient tnan t ,
alfalfa. The data presented here shows an increase in grass percent and yield in 1985. 3’
Total herbage yields of the sward in both years were signif’ rcantly increased by ﬁ

use of nitrogenous fertilizer, with yreld increases being more pronounced in 1985 than'

° (Frgure 4. i) The greater response in 1985 appeared to be related to two effects. Frrstly a’

\
raprd declme in productr\my\of the plots receiving no nitrogen compared to those being

N

fertilized and secondly. the overall higher moisture levels throughout the growing season .

wieh the éxception of May (Appendix 3). Total herbage production decreased in the second

v, ®

V expéﬁngg"t year,for the plots receiving no nitrogen, whereas yield differences between the
200 and’400K g N/ha treatments increased.

@
43,12 Herbage qualrty
Yy PR
A Herbage qualrty was not mf‘luenced by mtrogen fertilizer apphcatrons in 1984, A@é'-

]

pepsm dry matter disappearance (APDMD) was also not affected by mtrogen applrcatron

ith the stud)r of Folkins et al.(1983). The-lack of ?csponéo to applied ru'trogen

lity in August 1984 is in 'part due to the below average rainfall Yeceived *.

o

during the latter half of the growmg season Thus the f orage specres weré‘not abre to fully

- utrllze the available sbrl nitrogen. Carter and,Sheaf fer (1983) found that drgestrlirhty/

‘ e :

onged dry condrtrons srm{rlar 1o the growrng seasorr of
i a 3 cas ss, . ; " ;‘ . - ,

1984 The rncrease in- APDN# Yﬂue&\vﬁ probabl‘y m part Ey result of adeciease in the

5 (IVDMD) psi increased under it

, amount of struCtural components 1ard down with the correSpondmg rncrease in the labrle
>4, v ' . i ’ .

0 : . : : o o



N "pool of catbohydrates It !tould appea.r that stncc no mcrease in. APDMD occurred in
~ August. 1984 as a’ result of appltqd nitrogen ?tructurai ttssucs wctc not af rcctcd
"/ v *Fertihzers are normal’ty used }b tncrcase foragc quality of purc grass standsby
delaymg maturity When grass and legume t‘ures arc mvolved the overall response to
nitrogenaous fertxltzers yartcs In 1985 the $easonal degradeblc dry matter (DDM) and crude
protem (CP.) yields were mcreased,wnh nitrogen appﬂpatton; of 0 10 400 Kg/ha/yr, This
effect wa§ not elucidated tbruugh seasonal changes i_n'the phen‘ology of the grass and
legume as nitrogen did not signif icat__ttly" delay maturity. However nitrogen is expected to
. .  increased the CP cqptént\ of thé grass‘ as wetl as its gruwth‘ rate and vigor (reflected by
increased yittld and percentage grass in the sward). These events would in turn suppress the
' legunte fraction. Any uptake of nitrogen from the soil by alf ;lf a would be offset by a
reduction in the fixation of atmospheric nitrogen. At the high rates of nitrog;n applied to
~ the soil in this trial, nitrogen f ixation by‘_alf alfa may tta’vé been éliminated. Therefore the
alfalfa plants may havethanged little in their CP and DDM content. Hence the increases
in DDM and CP éoritent wittt nitrogen applications of 200 and 400 Kg/ha rma‘y be -
explained by increases in'(l) the CP Vcoment ot the grass (2) the petcentage ‘grass of the

sward and ‘(3) greater dry matter yield. These results aré comparable to the studies of Kust

and Smith (1961) afid Sharman (1971). .

4:3.1.3 Root total nonswuctural carhohydrates
- \ -‘\tthough no significant diff erences itt alfalfa root carbohydrate reserve leyels’at
/ /[any sampling daQte were bbserved among the nitrogen treatments during 1984 and 1985.
with the exceptton of 400 Kg N&ﬁ& in 1985 mcreased applications of nitrogen f erttltzer
enhanced root TNC accpmulauon The ef fect 6f heavy dressmgs of mtrogcn appltcd at 200‘
) and 4Q0 Kg/ha combmed thh a lack of moxsture throughout the .gro‘wmg season lﬁ 1‘)0th
| years probably resulted in mtmmal leachmg of the applted mtrogen 'to lower soil layersg
i yv;,;p T@refore desptte alfalfa 's capabtltty to thhdra. moisture from depths of up to Sth the ™

epths and increases in plant growth as

!
L

/\/applted mtr&sen was probably not avatlable ap-



- T~ response to the apphed mtrogen were not possrble Thrs is suppor'ted by the lack of
NGE Y

' srgmf icant dlf ferences m legume dry matter yreld at 200 and 400 KgN/ha in 1984 and 198<

temperatures (Robrnson and Messangale 1968)

. srmrlar to the trends i m the plants that recelved no mtrogen However the percentages were
' generallv lower and the range between the upper and- lt>wer concentrauon values were: - '.
: greater in the: fertrhzed than i in the unf ertrlrzed The trejd in avallable carbohydrates

‘ showed mtrogen fertrhzatron strmulated the utﬂrzatt n of pho syn[hates for the “
SO PR

- (mure 4, 2 and 4 3) Another possrble e\rplanatton is that. the energy’expended m Cs f/ .

°

extractmg morsture f rom such depths for ttssue mamtenance and plant growth prevented

3 t

8
. the apcumulatron of TNC reserves In thrs study the relatrvely low level of carbohydrate

N\

‘reserves durmg ] uly 1985 under the 2 cut system may have been a response to warm o v*

¥ . ) g
g IR ',‘ B i - )
" The trend in root T"NC\rn bromegrass plants whrch recetved mtrogen fi erttlrzcr were

=

- £

[t LI : o

productron of new top growth therebv preventmg the accumulauon of res'erves The

Tesponse patterns obtamed in thrs studv r&semble those reported by, Paulsen and Smtth _.'

' (1969) for smooth bromegrass and Okajima and Smith (1964) f or ttmothy and

. j;'\bmmesrass ,._‘ B
. N D : A Lo b e ',4

Root reserves of bromegrass were at_their lowest lével in May for the 1984 growmg ‘
season in contrast to May 1985 where levels were at a hrgh 'ﬂte dif’ f erence in May root ,

’TNC levels between 1984 and 1985 may be attrtbuted to (l) a mtd winter thaw‘m J anuary

’

‘ and February 1985 when temperatures were 9'C above normal Snowmelt occurred and the

stand was exposed to the st?n During thxs-trme bromegrass crown buds may{ have matured

in pre'paration-l'or spring. growth (2 'fhe excellent growing"ﬁconditions (ie. h’igh~moist'ﬁre_ _

- Iespiration and bud development resultmg in a net accumulatton‘of reserves.

*

» and warm temperatures) caused bromegrass to begm spnng growth earlter tn 1985 than

1984 (Appendrx 3 and 6) Hence the COndmons in 1985 were condusive to the accumulauon
of reserves pnor 10 tht’ samplmg date in late Mayr,Desptte the htgber resprrauon rate that . .

would have occurred durmg %us perrod photosynthates may have been stored in excess of



. In ge'neral root reserves of bramegrass mcreased throughout the grong season of

¢ -

1984 in contrast to a decredse in 1985 Thts change in storage pattern is related to the

amount of ramf all in the two study years (Appendrx 3) 1?84 was,a dry vear whrch

R

‘[v o
: resulted in low grass ytelds (ie, poor growth) and hence carbohydratesa’from photosynthesns

_ were stored as reserves Tl e 1985 grong season had hrgher rarnfall/levels than 1984 wrth . " .

1eld mcreases were recorded (thure 4 3) Carbohydrates f rom

the result\ that sub ntra

_ 'concurrent photosynthesrs were not stored as reserves es m 1984’ but were utrhzed f or new "

C Ny i )
'growth (structural components) hence the decrease in TNC levels in 1985 a7
N . .n:’ " . \ ’ 4 . v oo - ’ : . » !,"” -t - V ) ’ o
A : M ; A - . : . _;’ - .
- 4.3.2 Defoliation, -, S BT C

4.3.2.1 Field data "

| Frequency of defohatton mfluenced the growth stage of gmsg angd legiime plants by”

aff ectmg the degree of maturrty reached at the ttme of cutttng The mdtytdual cltppmgs of
the f requent def oliation schedule ou,urr:ed durmg the periods of raprd growth with the”

consequence that herbage yrelds (f or total productron grass and legume) were reduced

. -markedly- as compared to less f requent defohatron These results are similar. to those of "

\ese and Declcer (1966) Paulsen and Smrth (1968) and Kmevel etal. ( 1971) Hrghest '

. /

yields were recorded for the 2 cut. system f ollowed by the I cut in 1984 and 1985 The
\ ‘.
- frequent defohatron schedu‘le (4 cuts) gavetlthe lowcst ytelds of glry matter (Table 4 3)

. Total productron of the sward was greatly mfluenced by the defohatron treatments m both |

stuiy years Frequent def ohatron resulted in reduced yreld as fourtdby Langrlle and |

Warren (1962) in Ontarro /Canada and Counce et al (1984) in Georgra USA The

A

{ drfferentral yield responsé to defohatron found in thrs study may be altrrbuted to ‘the grass
f ractton A pronounceﬂ graSs Vleld mcrease in 1985 for all defohatron treatments was a

‘ reflecrron of htgher ‘soil morsture levels throughout the growmg season., Under t‘requent

/ -

_ “defoliation the’ afhount of ramf all affected whether the grass or legume xmrnated the -

oy sward and gave/ the htghest yteld The dry condmons of 1984 favoured alfalfas wrth rts deep

. /"r -
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root system whereas mcreased precrpltatron in 1985 f avoured bromegraSS Comstqclt and

Law (1948) also f ound the grass componem. consntuted a greater proporuon of the sward

W

under f requent defohatton if morsture was hrgh Thrs type of response is shOwn rp- Fxgure ‘
. 4.3. Legume yreld was favored by a 2 cut- system where at each cuttmg the legume was av .
- the 50~ 100% bloom stage. A srgmf icant reductron m yteld wrth mf requent cuttlng.(l

cut/year) was mamly a result of the stand’ s growth cvcler With no- def ollatron unnl August

Ty ) e

E 2

> v

-, both species showed a raprd senscence from mrd‘ July until harvest whercas the 2 and 4 cut

i
. AR R

: systems exhibited raprd grtkth durmg this perrod Legume dry matter productlon and 3 & o

) v

sward comRosmon decreased for all def ohatron schedules in the second year in contrast 16

the sharp increase i in the grass fmctron for yield and sward composrtlon The l‘ actors

-

. ES
-

canopy structure nutrrent status and soit morsture all interact to determurc whtch speues

4w

‘will predommate a stand The most - important f aaor is sorl moisture, ln 1984 low soil

3 o

morsture lrmrted grass growth to a'greater extent than alf alfa as rel’lected bv dry matter* "

' yrelds and botanrcal composrtron Grasses commonly grown wrth alfalf ahavea hrgher L

’

proportron of therr root system rn the upper 3Qcm of the soil horrzon compared 'to alf alf a.

fe ThlS supports the evrdence of Wolf et al (1964) and Van Rrper et al, (1964) who found

that grasses utthzed more moistute m the fi rrst 30cm of the soil prof 11e than alf alf a.

However Van Rrper et al. (1964) also found that because the roc&s of alf alf a penetrate the »

hY
sorl to greater depths than grasses alf alfa was more eff icient at usmg the moisture from

K- b

~deeper levels especrally during trmes of hmtted ramfall. In 1985 the grass f° ractron of the

LI

sward responded to the hrgher morsture levels durmg the growmg season and mcreased its

contrrbutron to total yreld and if§ percent composrtron by' wetght of the sward An mcrease

in the grass fractton of the. mrxture was the result of an increase m plant height and leaf

area causing shading of the IOWer growing alfalfa canopy. r,educed light intensity which in

~+turn reduced legume growth. Another factor ontributing to the decline in legume.yield in

1985 was the reduction in plant, populat_ion. _density u_nder the frequent def| oliation schedules

- v
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(Tqble 4.2), ln general l‘requent cuttmg of alf alfa has been shown to result ina raptd/

declme of the stand in both plant densrtv and yreld (Srlket etal, 1937) In May 1985 TNC "

v\-\

levels of" alf alf a were-" the same 1rrespectrve of the defoltatron treatment tmposed the .; : ,'

a »

prevxous year. (Table 4. 15) Howevgr the stress unposed by frequent defo‘lratron in 1985 is

, . 4 clearly evtdent as TNC levels remamed constan.t thr0ughdut the seagon Those plants less ‘

. .1985 30 day cuttmg regrme resulted ina gradual decrease in the alfalfa plant densrty

P

»
. w.
>

RS

\.

» o
" those cuf less f re uentiy Hence the plants had less carbohydrates for hardenmg, resrstmg
drseaﬂzﬂch}vlmng winter dormant. ’hrs combmed with the hrgh stress tmposed by the /

»

f requently def ohated mcreased thetr reserve levels Another f actor to be conSIdered 1s that .

°f requent defohatron resulted in plants entermg the wmtef wrth 7% less TNC reserves than

- -~

\ The timing and hetght of cuttmg of smooth bromegrass (especially in the spriag) -

~ I

can greatly affect persistence and productrvrty. Grass yields were lower for all defoliatign .
regimes in 1984'compared to 1985 ma’inly due to the limitedrainfall in the first year.
f requent defohatron bromegrass was cut at the jointing stage (equrvelent to the gr

4’-«
score 2y Table 3 2) At thrs time TNC Teserves may be low and cuttmg will weaken the

-~

plants Also basal acttvrty of the crown buds may not be developed suf’ frcrently to fﬂrtrate
S

raprd regro‘ Tﬁ 0 plants recover slowly Subsequent defohattons at similar stages of

: growth will contmue the wrthdrawl of reserves as in 1985. This srtuatton did not arise m -

u -

1984 as regiowth was hmxted due to msuf ficient rainf all; thus TNC levels mcreased as

' carbohydrates were stored and were not m&d for growth Under the dry condmons }n

&o the 2 cut-in 1985 wl)en moisture was riot

1984 the 1 cut.hat thevhrghest yreld cf
lnmttmg regrowth The fi 1rst cut of the 2 clrt regrme 0ccurred when bromegrass was between ’

v »
head emergence and anthesrs Other ssudies” also indicate that the best time to cut

(Smith, 1962; McElgun & al.. 1972).

, bromegrass for high seasonal vields and stand persistence’ is: between f ull,-head\and anth_esis'
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I
’ 1‘

'l;he' ef f ect of defolratron regrmes on herbage qualriy were srmrlar m both 1’84 and

f
.

1985 The results showed that herbage degradebxlrty (acrd p,epsrn dry matter dtsappearance. .

A

APDMD) crude protem and. phOSphOl‘uS content’s mcreased wrth frequent ‘defoliatiorr. No | :

-

dlf ferences in herbage qualrty values for the 1cut system were ob’served r or th‘e August .

'harvest in 1984 and 1985 The grass and legume plants were seniscent at this time and were l
e l

ngen a maturrtv score of 6. As ihe frequency of defohatron mcreased morphoJogrcal

- ¢

. development wds retarded "The 2 cut system had a maturxty score of 3.5 whrch corresponds

", tothe 10% bloom !tagt for alfalfa and head emergence for bromegrass A further . 5@. ;
retardatron in the gro'k\h of both specreswas evrdent undemhe 4 cut syste‘l‘n as scores. °

. averaged2.7 (relating to‘st,em. elongation wrth bud delvelopment in alf alfa and stem
" elongafion with head f or-mation in bromegrass). Varidtions to, the phenologﬁf grass and
) . j 4 - ey

legumes are primarily the result of management practrces climate and vanetal d{l‘ erences

of the specues used (Kalu and Frck 1983). As the matunty of the grass and legume

- mcreased there was a correspondmg reductaon in Herbage qualrty In a review of

e

management and forage qualrty Marten (1985a) noted that as forages mature £hey are less

-drgesuble, have less protein and mmerals and contain more fibre.

-

' N - The 1 and 2 cut systems reflect the hrgher nrbrsture levels titrough the growing:

season of 1985 by havmg increased APDMD protem minerals and less f 1bre as compared .

8

to- 198\ The mcreased herbage quality under the hrgher morsture condmons in 1985 can
ey nossibly be explamed by a higher leaf stern ratro for both the grass and legume as plants :

remamed in the vegetatrve state for a longer petied of time than in 1984

The defoliation’ treatments affi ected ‘the seasona-l f orage degradelﬂe dry"m’?a’tter
" (BDM) yield of the sward in 1985 (Table 4. 9). The DDM yield for the 2, 1 and 4 cut

systems ;anked in the ord.er lrsted For the 2’cut system yleld was almost double that of the .

) : ’ e
1and4cutreg1mes S T .o '
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L nitrogen (Table 4. 1b) The tf fect of cuttrng schedules on the seastmal crude protetn ytcld

- ' ‘ . . _“
v, o .
[EVar -

Seasonal: crude protein yield was mf‘luenced to a. lesser extent by defollatlon than bv o

4
of the sward is comparable to prevro tudres by Smrth (1962) who reported rncreasedCP

content wlth more f requent def olrataon .The lower CP content of herbage harvested under
Q . J‘
the f requent def olratron (4 cut syst:ern) may be explained as foldlows, The grass and legume

\
components of a mrxed sward lrarvested in the vegetatrve growth stage are high i in CP "

however dry matter yield is usually correspondlngly low, Hence the increase in CP content |

of the herbage is at the expense of redptqled yreld thus the resultant CP yreld for the season

may be low Thrs was found to be. true for the 4 cut system (0.6 Mg CP'/ha) compared to . ‘ ~.' }

the 2 cut system (1..Mg CP/ha) The l\jend in ;honal Cp. conten( is srnphr to the grass 3

drv matter yreld (Fi rgure 2 3). The. mcrease in protem can be attrrbuted fo the grass

oo

f ractron havmg a hrgher mtrogen content ﬁfertrlrzer applrcatrons mcreased No
diff erences ‘were found fe or the legume“or grass growth stage scores ambng mtrogen
treatments theref.ore rt can be aSSUmed that the legume and grass CP content of the sward

was the same. Hence the reasoning that the rncrea_sed CP yield was a.result’of rthe greater .

1

e e e e e e

grass yields obséivééi.”” o . R ‘ . #
4.3.23 Root total nonstructural carbohydrate . R : o ; SR
o The trends of 00t total nonstructural carbohydrate (TNC) reserves of alfalfa and .

bromegrass were similar in their response to def ohatron but the range and fluctuatron of

reserves diff ered between years :\ndspeeres The greatest fluctuatron occurred }/alf alfa
4

and the least in Sromegrass Root carbohydrates of both specres were depleted By f requent

i)

defolratron Carbohydrate Teserves were at a maxrmum when harvested once at the end of

the growmg season (August).. T’ | ‘
: @
The seasonal pattern of TNCi in the roots of alf: alfa under the various defoltatron )

[ \ )

regimes resemble that reported by Smréh«(1962) Nelson-and Srmth (1968)l~and’ Cooper and

Watson (1972). 'l‘he percent root TNC of uncut alfalfa (Frgure 4.5) mcr:eased from May

to August in both years With the mrtratron of new shoots in May feserves wrll have

-

1

L
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. 'deelined J‘Or a perlod and thublncreased steadily untrl Amst The lower reserve levels in,

%

K

!

A J unc and July 1984 compared to the same months i in 1985 can be explamed bne earl\\l)

maturing ol‘ alfalfa as a result of water stress and htgh tempcratures Alfalfa’ had reached

| maturtty (1e seedset) m July 1984 and August. 1985 hence the increase in food levels' m ,'

' L

-~ August of both years was prrmarrly the result of excess photosynthates bemg accumulated

: The pattem of TNC root reserves of’ alfalla u-nder the 2 cut system m bo\hﬂyears is

s;;'mlar to those reported prevrously by Graber et al. (1927) Granfield (1935) and ‘Nelson
and Smith (1968) Root carbohydrates were at the lowest level in May nnd increased until - “
the fi jrst cuttmg in June (at whtch time alfalfa was at ‘the 10% bloo'm stage) A similar ‘
trend was reported by Alberda (1966) and Cooper and Watson (1972) InJuly 1985a

greater depletron of reserves occurred-than in 1984 and may be cxplamed by a slower '

', accumulation of reserves af ter the J une def ohatton. This is supported by the observattqn :

thatthe grasg canopy in July 198% was above that of the alfalfa. This in-turn wasa

' 'response to higher precipitation-in June- August 1985 than 1984 thus favouring bromegrass

regrowth over alfalf a. Shadmg by the grass would have caused a red tron in leaf

.

" expansion and photosynthetrc rate of alf alfa thereby decreasmg amaunt of -

-

arbohydratesavat‘lable,‘for storage. Similar results were reported by-Silva-(1968) and
v - " : v R

Greu'o and\ledi'n { 1971) High temperatures in July 1985 may have reduced the

‘ accumulatron of reserves even further. As the season progressed and the grass matured *

“alfalfa was able to compete favourably for lrght and cornbmed wrth the response to shorter

days and coole},mghts TNC l’els mcreascd . "
TheMoots cut 4 ttmes per season responded dtf f erentrally over the

— L]
two}years (Figure 2 4) The- year of 1984 was characterrsed by a hotter and drier than

normal growing season TeseIves were mrtlally depleted after the May harvest and _

‘ thereafter remar’ned constant. at this fairly low level in June and July and ofily mcreased in

’ August This is similar to the results of Feltner and Massengale (1965) who f ound a

-

[ decr.ease.m TNC levels of alfalfa under high temperatures. In 1985 ca,rbohydrate“reserves_

A1

.



4 o . ) . \t‘ . 3 . . . 85

vwere usually replenished to the level of thc prevlous harvest by the time of the next cutttng
A slight increase in TNC content occurred from J uly 1o August The dtf ference in the rate
of TNC accumulatrop f rom July to August rn th two- years may be explamcd as follows

‘“At the August root harvest i in 1984 shere were o difference in bud nymbers or therr stage

i »
of deveIOpn'lent* between the vanous cuttmg atments; however in 1985 substantial *

differences existed between the defolratton

’ v .

4.3.3 Models for yield prediction -

_In the past plant biomass yields have most f-requen’tly been estimated by the use of

~

chpptng techmques Non- destructrve methods for ueld prednctmn are being recogmzed by

researchers extention worlt’ers and argicultural consultants as quick and accurate measures f

o plant yields insitu. Plant height has-been the most frequently used criterion for the estrmatton )

. of yrelds for numerous forage crops although ‘the degree of success has varied. One of the
problems rdentrf ied while revrewmg the hterature on thrs subject was that plant herght can be
mterpreted and measuted in many ways. Several mstruments have been developed to measure

_plant bromass that combined plant height and sward densrty (Shrivastava et ;1 19§9 Baker et

IR

al., 1981). Correlatron coeff;crents greater than 0.90 are c0mnfonly reported for measunng o

' . forage yteld usrng disc meters (Sharrow 1984)

Lot

A ruler was employed to measufe mean sward height in this study. Sward height was
) Vg
calculated by measuring the height of the grass and legume plants and taking the miean value.

, Hussey et al. (1985), esumated forage productron of a pure stand of alfalf a usmg 2 ruler and
reported a correlatron coeffi rcrent of 0 92. In some cases hetght has been combmed with other :

‘-

-variables. Mrchalk and Herbert (1977) used,plant herght X percent ground cover for estrmatmg

. [N

dry matter yreld Methods for predrctmg forage. yteld in pasture by measunng plant densrty

o
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*and/or helght hu(been studred previously (Tan et al. 1977) ' '

In thts study the mean sward hetght was combinéd with a growth stage scoroof the

-

grass (Table 3.2). The growth stage scores, f ound in Table 3. 2 for alfalfa- and Bromegrass were

N
'comparable to tRase used by Neison (1925) Albert (1927) and Metcalf (1973) The six score F

systgm used in this study was chosen f orits su'hpllcrty m tdentxl' ication of plant stages, As plant

4

height i rs related to plant matunty l.l» was reasoned that combming a hetght measurement with a

, ' growth sta’ score would enhance the predmron ‘of a grass legume sward

‘ | This was ound to be the case ut 1984 and L985 and in the combined analysrs Adding
the growth sﬁge component lncreaseo the prediction of dry matter yleld f rom the grass legume

. pasture. The models pre’s’ented in Table 4 5 were developed usmg data collected from both a hay
and grazmg management system and are therefore reliable for both systems. The simple model

" for yield predrctton under various n)trogen applications and management regimes presentcd here

could tea valuable aid to extension workers and farmers who require a rapid and accurate

R
q

. method to estimate the yield potential of pastures and hay crops. ' ] .
4.3.4 Correlation of TNC reserves and dry matter yield - .

A close relationship of herbage yield withthe level of TNC reserves has begn

demonstrated in all'al'fa by Graher etlal (1927, Smith (1.962)

. Smith (1962). However the correlatron coefficients have varjed consrderably which mdtcates
~ that TNC Yeserves do not always reflect the amount of regrowth af ter rdef oliation. 'l‘he low

'co elatron coefficients (r) obtamed in thrs study (Table 4.17) accobnt for between 1 and 40%

. of the variability:{ Al'l yield. It is therefore evident that f actors other than TNC reserves are
determmmg the amount of regrowth after a defoliation. This adds werght to the conclusrons ol." 3
| May (1960), Baker (1963) and more recently chhards et aI (1987) who state thaf the level of
TNC reserves has little bear:ng in determmmg regrowth yield. The lack of srgmf icance f or

bromegrass correlations in 1984 and 1985 plus a combmed analysrs casts doubt on the role of

TNC in regrowth yield as stated above Posstble causes for the lack of assocratton between TNC

-

'7\ N
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and regrowth yield In smoorft\b'rom'egrass are (1) that the contribution of ¢onicurrent

~_photosynthesis te regrowth is’l;ir\gé. (2) nzorphplbgical or meristerrta'ﬁé"feattlres limit régrowth ¢
~.,/ ie. the large number’of growipg points in brome for roots ano tillers Eomparfd to alfalfa, and’
.(3) .pos"sibily the htghér er'tergy costs gémiatcd with' ( 2) above. The association of TNC R
reserves (measured as a concentratlon) and the amount of hcrbage prodctron has l)een .
demonstmated in alfalfa by Graber et aI (1927) Granf jeld (1935) Smith (1962) and odhe;s
~This study sh@c\‘d that alfalfa yield was cOrrelated with the leve] of TNC reserves in 1984 a
dry year), 198 u(a wet. ybar) and a com'bmed correlatton (Table 4. 17) Despite the correlattons
being significant thcy accounted for only 38% Ar the vannbilrty on average. He. factors other
than, TNC: reserves are involved in regrowth Thxs\lends support to the t indings of Richards er
al. (1987), who stated that the contribution of TNC Teserves to rcgrowth was small. The ILVC}’
ott assocnauon between TNC resei'ves and yield in alfalfa and bromegrass may the resuly of

' fundamental anferences between the two specres These differnces may bc the result of the

species abrlrty to rgllocate its TNC reserves for new [ ohage growth and ultimately f uture

——— ’
. [

yield. - , . L : .
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4.4 Summary an ion L e s
(1)The appfication of -ﬁiuogcn fertilizer to a mixed grass-legume sward was [ ouAnd to
increase dry matler_"'production and hcrbége quality but lower root carbohydrate reserves of the .

+

 grass and legume.

(2)With f requcm defoliation (4 cuts per scason) quahg of the hcrbage (dxgesubllity,
. crude protem and phoshorus) was mcrgascd but at the cost of rcduced dry maucr yicld
(3)A two cut systcm gave optimum ynelds. good quality hcrbage, and in addition
arbohydrate Todt reserves were maintained at f airly hlgh levels for both species. .
(4)Combimng a growth staae score with'height mcreased the prediction of dry mauer
. yield for the bromegrasss-alfalfa sward compared to a helght correlation alone . Such a snmplc
'mo'del has potential for use in ex{éns\ion work and by._ f orage'mapagcrs for the pstii’nalion of

A}

herbage production aﬂd thus may assist in predicting grazing capacity or hay yield.

.
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5. PART HI: EFFECTS OF FALL DEFOLIATION AND APPLIED NITROGEN ON
" FORAGE PRODUCTION -,

e

5.1 Materials and methods ' - L Lo

5.1.1 F;ld trial B location and climate

1

-

Field trial location, soil type, climatologicai information for, the area and site history
’ . ] 1

" are p;csemed in Part I (section 3.1.1, pége 15)..

5.1.2 Experimental design and trcatments L

Trial B was a su%p split plot test (Téble 5.1). This design is similar to a split split plot | ',

°

test but with differently constructed second level experimental units, The defoliation (D)
. A ™

treatment factor was randomized within each of nitrogen (N) treatment factor resultihg'ih a

\
4

normal split plot design (as trial A). However, the third treatment factor "‘fallcﬁtting (BN wés

not randomized within each first experimental it (DxN) but was applied as strips across

replicates for each DxN combination; €ach strip pertaining to a different fallcutting treatment

_ (Figure 5.1). To enable access to the sub-sub-plots to m§hanically harvest the herbage it was

1

not feasible tp use any other design. .
. The r;\@ plots consisted of three fertilizer applications (as trial A) with sub-plots

consJsting of two summer defoliation treatments (two cuts, D1, as for commercial hay

preduction and four cuts, D2, to simulate rotational grazing). Each sub-sub-plot was harvested
once in the ‘F.’all starting on September], 1984. There were thus six sub-sub- plots harvested

consecutively at weekly intervals from September 7 to October 5, 1984. Fifteen replicates were

N .

used, flve for destructive root sampling in the fall and ten for other data collected at each

Iiarvcst in the following yéar. At each summer harvest in 1935 the growth stage of the grass and

b

o {
legume was scored, the yield of dry matter and sward height was re€orded as in trial A.

89 ‘ : : oy
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Table 5.1 _ Partition of degrees of f reedom (df) for trial B.

Error 5 (ES)

a(b-1)(c-1)(r-

1)

Source dr
Replication(R) (r-1) 9
Nitrogen(N) (a-1) 2.
Error 1 (E1) - (t-1)(a-1) 18
Defoliation(D) (b-1)’ ]
DaN (a-1)(b-1) 2
Error 2 (E2) a(r-1)(b-1) 27
" Falleutting(C) (c-1) 5
Error 3 (E3) (r-1)(c-1) 45
CxN (a-1)(c-1) 10
Error.4 (E4) (r-1)(a-13{c-1) %0
‘ ' : .
CxD | €b-1)(c-1) s
CxDxN (a-1)(b-1)(c-1) 10

135
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R= Repllcates ( IO in total only 2ere Hlustrated above Rl and R2)

. N = Nitrogan treatments, Kg/he/yr (NO=0, N1=20Q, N2=400).

" D = Defolfation treatments, applied as summer cuts{D1=2,02= 4).
!,; Ci= Fallcuttlno treatments, (CO= control- no fall cut, August 23 ( _
1 fell cut'eppliad to the remalntng treatments (C1-CS) st weekl_y 1ntervals= '

starttno on September 7 (57) uhtll October S (OS) 1984

A23

K23) with:

N end D treatments were randoﬂ\lzed és a split p1ot d%lgn Fdﬁﬁutting (C) was opplled 8sa

strlp affect (V ) across the Nx D comblnatlons 8s Illustrated above

'

o

g

&
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s, 1.3 Fteld observattons : oo RS
ln trial B,dry matyr yield was recorded at each summer harvest m’1985 (as trtal A,

44 aAppendrx 5) Sub plots rneasured 39:5m X 2 Sm Forage was. harvested from-cach sub sub plot |
o usmg a modtf ied Mott harvester by chppmg an area 4. 2m’ (two strrps 3. 45m x0 6lm) The ‘
chppmg helght dry matter yield, growth stage of the grass and legume and mean sward height

' 'were determmed as in trral A (section 4.1.3, page 42). -

P . . . .
! . . . : . v

: : 1 : -
R | 4F|eld sampling ol'l root matenal S o Lo 8

: To study fall vartatton in TNC reserve levels alfalf a and smooth bromegrass root
:-.g» 4

. samples were collecfed from trial B in the fall of 1984 The fallcuttmg treatments consrsted ofa

L srrlgle defoltatton applred on the. harvest dates set out in thure 5. l Fach sub-sub- plot was
harvested for root materral of both specres on the f‘ all harvest date and at weekly intervals unttl

l

.October 12 1984 Thus an early fall cut treatment (September 7, 1984 code 1) had six root
‘samplmg dates whereas a late fall cut treatment (October 5, 1984' code a) had only two

: ‘samplmg dates. Two rephcattons were used for root samplmg in 1984, The same methods of
‘samplmg grmdmg and storage were employed as descrrbed"m Part I (section 3.1 4)

5.1.5 @jcmical analysis ‘- -

Q.

5 1. 5 1 Herbage quahty analysrs " . j . : S “ . /

‘: Due to msuf ficient bromass at the time of the applred fall cut treattnents m 1984

i | t#uahty analysrs of herbage matertal was not possrble Samples were collected f: three Y A ‘

£

. v_‘rephcates (randomly selected) at ali summer harvests in 1985 Sub: samples l”or qualrty

artalysrs were collected f rom the harvested f orage (used for dry matter yreld

e R S

determmatron) All samples were assayed f or ac1d pepsm dry matter dtsappearance crude

a '_protem acid detergent f rbre and phosphorus usmg the NIR predrotrorr equattons developed
in trial A 1984 Part I contains detarls on the vahdtty of usmg the calrbratron equatrons

'fromtrralA1984onsamplesfromtnalB»1_985. o T o

I



. / | ‘ \ . . ) . = : Ve s
S SIS\XTotal nonstructural carbohydrates (TNC) T L
/ / ) ) oot samples for TNC reserve determrnauons of alfalfa and smooth bromegrass '

/

‘ were collected iri the fall of 1984 and 1985 as. descrrbed above The NIR predrctron . ' ,
. equations of trtal A, 1984 were used to,assay root TNC concentranon in both specieg. A

detailed.outline of the methods is presented in Part I. )

C . ' ) . . - o . ¥
5.1 6. Data analysrs 4 o2
o Ahalysrs of variance was used to test if there were srgnrf 1cant effects for mtrogen,

<, >

def olratton fallcuttmg and year for the varrables measured Means for all vauables were tested ! ‘i‘ . )

) for srgmf icarice using Duncan's Ne&d\?lruple Range test at p= 0 05 (Steel and 'I‘orrre 1980) "
f

Root TNC reserves of aifalfa an bromegrass were correlated with dry matter neld 'and\

¢

-mean sward height: As yteld and sward herght were collected from 10 rephcates as compa
2 for TNC determmatron correlation analyses were performed using two methods Frrst
treatment means CN'=6) were used to correlate TNC‘wrth yield and herght%ond ‘the .

i a

- o~
replrcates used f or field data oollectron ad Jacent to the .TNC root samplmg replrcates were

Parred (N 12) and correated Root reserves on October 12- 1984 were: used f or the correlatron s

of TNC Teserves wrth yreld and helghtm 1985 for both rnethods , o B i . .

v ‘ . . L }
.
.



-

.

* 5.2 Results

.
Lo . Y A . VWl . 2 ‘.
" " | A’. A
N . : / .
v c ~.
. . e .. . . hd
. ' s .
\

Thrs section exammes the effects of nitrogen, def oliation, f allcutttng and their

interactions for the parameters recorded under three sub-sections. Results are set out f or field:
’ /
data, herbage quality and root TNC reserves. The first table in each sub sectron hsts the

‘parameters recorded; each parameter\ts taken through the various staustrcal analyses used, once '

- completed the next parameter f ollows in the same pattern The same T ormat is retamed for thc

. ) . . )
remammg sub-sectrons. . \t . \ K

L4

5. 21F|eld data. \ |

The mean square values and srgmf icance leveIs are presented in Table 5.2 for total

f orage dry matt!eld Highly srgmf tcant diff erencés (p 0.001) were [ ound for both mtrogcn .

. f ertiiiza‘tion and

oliation, whereas therr rnteracttqn fallcut by mtrogen and defohatron were -

s

'srgnrfrcant at the p=0.05 level. The thrrd order mteractron of f allcut by mtrogcn by defoltauon A

} 'was also s1gn1frcant (p 0 01). However thef allcut treatments of 1984 produced no signifi rcant

-drf ferences int total dry matter productton in the summer of 1985 Fall cuttmg in 1984 had no

- effect on total dry matte.r yrelds in 1985 (Table 5. 3) Mean sward herght was mfluepced to

.« r

with later fallcut treatments f o\“all nrtrogen fertilization treatments The main mtrogen

‘ varyrng degree‘s by fall cutting, generally af all cut increased sward height. The mtrogcn '

treatment effects showed applrcatrons of 200 and 400Kg/ha yrelded significantly higher dry

matter compared to the nil treatment ‘The same trend was found across nitrogen treatmcnts

-

"wrthm each defolratron regime. The maximum yield was artarned under the 2 cut system with .

either 200 or 400hg N/ha

The fallcut.by. mtrogen mteractron (Table 5.4) showed an increase in f or;ge productron

T
A

treatment ef‘f‘ect sl}owed no drfference between 200 and 400Kg/ha rates. Dry matter yield also

3 drffered due to fallcut by defoliation mteractrons(Table 5.5). The 2 cut system produced

, ,substantrally hrgher dry | matter than the 4 cut system No differences in the total dry matter

yield under the 4 cut system were ‘goted.t



n . . . \
o~ . g , L~ , . -
¢ EN
® . E ' .*198 uoow =9 0} u>_§owu> =1 voEuww
: RS ] z\omo 2 joug zmu piong IN/HD= =5 1oug ‘N/d4Q =9 1011 NXy=¢ 1o0g |
. . A] a —v>:oo&mou 100°0 pPue 10°0 nc [IR1d ucuu—u—cw_m ooo oo -
. € | 820°0 600 : 0 SET 3 sourg
A .o 500 B (17 e 88 | S NGD
I P00 PN SR 23 s ao
- . i . . <« . o § s ] .
. . (A - 620:0 SO0 : 600°0 6€ ’ p song
. ] - S ’ Y] “ 000 - e 99 Kl N
, v 6w C 0 99 s . aosoug
. v 8 $00°0 © 00 99 s . L (Qymayed -
i - . A e M . . v. . ) ' v
2 : L ¥E8'0 L Lo - © 6SE . S q 10119
0 I S A 144 ~ €558°0 . 2 (4 SO 4 Nd
. S 85T e OLL6LE Ceew Q0T L - e GILYOT I © (q)uoneojeq”
T A — . B ) S ) T %
‘ ‘ fl o - - L5000 800°0 Ve 81 . % leoug
e e 1570 veo LLSO °  ees 0°E698 T (N)uaBosN
. w . Y00 800°0 ; s 6 ()uoneoyday
Bi15) 3 s1008 $a3008 , .w:\w_z ' o L
to i B ) DsO o owar o - wo . adinog
T ... & ) - E ’ : ) ) " . p . ‘
o - - ‘ o \/) - . $861 JO Jaununs 3yl Joj g [eus1 i () w33y piems
) uedw pue .Sm.Ow aunda| pue (OSO) ssEi3 Ju sa%eis uwad ‘pR1k (JINAL) Janew - A1p [2101 10§ 3DUEBLIBA Jorsish[eue wolj sanjea asenbs ueay 'S .o..?h
- ~ ‘, 2 . ,



“/NWNV ‘\‘\:‘ . . - ‘ u; " ' . ’ . ‘ N 3 . 96 .

»

‘Table 5.3 A comparxson of fall cut treatmems on the total herbage dry matter vieldand =~ ¢

mean sward helght in the summer of 1985 in trial B. : , "
Falt. — - f%all Total herbade Mean
harvest- c code - dry matter vield . sward height
Date - ot .number . Mg/ha cm - o
. ’ ‘ . - . ' :"“‘
. O Aug®3 . 0 T v 4.60a ., 27.8¢ -
E  Sept. 7 L. 44k v s
S Sept.ld 2 | 464 R 28.3bc

29.5a

Cosept.2l - T e W »n
) / ' N :
Sept.28 . . - C 4 | . 4.66a - \

Coets T s e 7T 4k : ,".28.9ab

' v
a-c, Means within colu%ns followed by the same letter are not significantly diff erem at p=0. 05 .
according to'Dupcan's ew Multiple Range test. '

b
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Table 3 4. The effect of mtrogen f emlxzer apphed at three levels and snlx fall cutting

'lteatments dn total dry matter yield in the summer of 1985 in trial B.

.
¢ N

97 .

a . A

—

Fall - - ™ "Nitrogen applied (Kg/ha) .
_ harvest Fallcut —— : ..

Date code ' : 0o o200 - . 400

No cut 0 . . 22.70 ab C +y5.Na x5.80 a

Sept 7 1 y250b ‘ x5.10, ab, X5.60 |-
St .2 y2T0ab - x5.40a - X5.75 b

Sept.2l ', , B . y2.0 a x5.40 a .- x5.65 b

. ' , . . 5 -
Sept. 28 4. 4 y2.90a " : , . Xx5.43%a < x5.90 a -
Oct. S Lol | n80a  y540a x5.90 a
’&‘“ : .- . } - : )
Nitrogen =~ - i _ v |
mean oy x 5.45 x 5.80

+~

x-z, Means within a row precedéd by the same'letter are not s'iginif icantly different p-—Q 05

according to Duncan's New Multiple Range jest.

-/ a-b, Means within a coloumn followed by the same letter are not siginif’ 1camly dif ferem

p=0.05 according t6 Duncan's New Multiple Range test.
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Table 5.5)° Herbage dry matter vields in the summer of 1985 followmg fall c!umg treatments .
for trial Bin 1984. . . \

-

Fall .. - Summer defoliation regime

harvest ~ Fallcut - : v

Date - " .. code ; 2 cuts/yr T 4 cuts/yr .

Mg/ha - '

. . ! . LIS N )

Aug. 23 - . 0 5.81 b _ 3387 a
Sept.7. ¢ 1 . 566> d 32 a
Sept.14 . 2 589 ab | 330 " a
e S 603 a N
Sept. 28 4 595 ab, .. 333 a

Oct. S s 604 a2 I R

_ » .

Defoliation e . CL ‘ S
mean o ' S ¥ 6.01 oy 3.36

. R =

" a-d, Means within columns followed by the same letter are not signif lcantly dif f erent at”

- p=0.05 according to Duncan's New Multiple Range test. .

x-y, Means within a row preceded by the same letter are not significantly diff erent at p= 0.05
accordmg to Duncan ] New Multxple Range test.
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An analysis of variance by months was perf ormed to invéstigate differences in total dry
T matter yield for the growmg season of 1985 (Table 5 6) A significant dii‘ference in total yleld
for the mtrogen month and their mtcracuon for both defohatlon systems. It was.noted that -

f allcuttmg was not significant, however srg\mficant differences were i‘ oucd for the- mteractron ,
of f allcut by month and fallcut by nitrogen for the 4 and 2 cut system respectively, Further
investigation of the fallcut by nitrogen mteractlon revealed that for the 4 cut system ‘the'ma jor
proportion of the total yield was produced in May (T’z}( !5 7) Fallcuttmg produced no

sigmf 1cant drfferences in yield for the last 3 harvests (June, July and August 1985). The fallcut
treatmen; on September 21 1984 and .the colitrol resulted in the highest gry matter yield in May
1985. For the %—cut system (Table 5.8) yields in J une and August 1985 were vastly. dtfferent
June contributejd the most towards total productron The f allcut treatments of September 21
and October 5, 1984 were the iﬁghest yieldmg in June 1985 The A.ugust 1995 harvest yields were

""l’

significantly increased by fali cuttmgs on or after Septembe‘i 21, 1984, ‘s

AN
B

Ain an\alvsrs of variance f or the growth stage of aifali‘ aand bromegrass for nitrogen,

. def olratron and their mteraction was srgmftcantly different at various levels of. probabilrty _
(Table 5.2). Fallcutting and other interactions vvere not signifi 1cant. Main treatment effects .
differed for growth stage of the grass (GSG);arid legume (GSL) with the;GS.G showing '
significant @ingreases in maturation for ail nitrogen treatments. No maturation increases for
treatmentg 0 and 200Kg N/ha were observed f_or GSL (Table 5.9). The main defoliation means }

were the same for the legume and grass-score \vith the 2 cut system being the more mature. The
interaction to note'is that of 4 cuts/season and nitrogen for the GSG where the grass maturity
was increased to a greater extent under 2%)Kg N/ha than 400Kg N/ha Or 2€T0 treatment .

The mean square values and srgmfrcance levels for mean sward height in the summer of

1985 for trial B are presented in Table 5.2. Signifi icant differénces (p=/0.001) for defoliation

and fallcut treatme}t effects-were found. The height of the sward in 1985 was greater in the

)
o

fallcut treatments on or after September 21, 1984 (Table 5.3). " " 7

£



Table 5.6 Mean square values from an analysns of variance by mon_ths_f or toml dry matter

]

-

(TDM) yield under four and two cuts per ycur in trial B198S.

o

o~

»

AP ‘ AT
1] N
. ¢ id
not 3

3 -

Source o _odr 4 cuiS‘/year 2 guts,/yeaf
| ' - TDM TDM
. ' | ' )
Réplication¢R) 9 22 20.5 |
Nitrogen(N) __ | 2 5340 e '1339.3 vor
Error af 18 C16. 5.0
Month(M) /'3 30601 1190 e
MN . 6 1811 ew . 350 e |
Error b ' 81 1.5 293 S
Fallut(C) 5 0.3 . 5.6
‘Error ¢ 45 0.5 - 33 "
. o . L/ LS °
CN..? : T g . .05 5, e
. Errotd | . ¥ 0.4 1.6
.
Coa e )
cM- c 15 081 *v 15 _
oMN - oY 30 04 2.5 '
. Errore o 405 0.4 1.4

bt sos Significant at 0. 01 and 0.001, respectively.

i Errora RxN; Error b=MR/N; Erropt =

-

R/N; Ertor d= CRN Error e= CRM/N:
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Tabie 5 7 Total dry matter Vleld ‘for individual months for 4 cuts per year at each fall harvest
~ treatment for mal Bin the summcr of 1985. . :

CFall Fall _  ~. _Mdnth
harvest - Harvest — ‘
Date - code . .May . . June ' July . August

) v . . ‘i“’
. _ - Mg/ha
Aug. 23 S0 x2.41a v0.22a y0.40a y0.35a
Sept. 7 1 x2.27b y0.25a . y0.4la y0.34a
Sept. 147 2 - x2.29b y0.21a y0.44a - 0.35a .
Sept. 21 3 x2.38a y0.19a y0.47a y0.34a
Sept. 28 4 %2.28b © o y0.21a  y0.48a y0.35a
/ .

Oct. S 5 x2.30b . y0.20a  y0.47a y0.36a
Month l\ ’

- mean L . L1232 ¢ y0.21, - ey0.44 y0.35«

x-y, Means w1thm a row precgded by the same letter are not sngmf 1cantly different p=0. 05
according to Duncan's New Multilpe Range test.

a-b, Means within a column followed by the same letter are not signif’ 1cantly different p=0.05 &
according to Duncan s New Multilpe Range test. . ) \
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Table 5.8 Total dry matter herbage yield over the growing season hndcr two cuts per year for
each fallcut treatment for trial B in the summer of 1985. ‘

. Fall Fall : Month
harvest code ,
date . number - June - August

~ — Mg/ha -
A2 - 0 425 ¢ ' 1.55 b
Sept 7 1 410 d ° —185 p
Sept14 2 431 b . 153 b ’
Sept 21 3 140 a 163 a
Sept 28 " 4 431 b 1.64 a
s s 437 a | 167 a
Month ' T - .
mean 432 «x - 160 vy

‘a-d, Means within a column followed by the same letter are not significantly different at
p=0.05 according to Duncan's New Multiple Range test. - e

x-y, Means within a row followed by the same letter are not significantly dlf fercnt at p=0.05
according to Duncan's New Multiple Range test.

4
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Table 5.9 Main nitrogen and defoliation treatment means and their mteraction for the
growth stage score of the grass (GSG) and lcgume (GSL) for trial B in the summcr of 1985,

Nitrogen Defoliation regime (cuts/yr) , '
treatment Nitrogen -
Kg/ha - 2 4 mean

GSL . . R .

' 0 x4.28b y1.03b 1 2.65b
(200 ’ x4.29b , yi.02b° 2.65b
400 . x4.42a y1.05a 2.73a

Defoln ‘

mean | . 1x4,33 y1.03

GSG . ‘ . ‘

0. -12.00b y1.00c 1.50c

200 o T x2.00b y1.30b 1.65a
400 - © . x2.06a y1.08b - 1.57

Defoln -

mean x2.02 . ylL.13

a-c, Means within a column for the grass or legume followed by tfie same letter are not

significantly different at p=0.05 according to Duncan's New Multiple Range test.

x-y, Means within a row followed by the same letter are not sngmf icantly erent at p=0.05
. according to Duncan's New Multxple Range test.
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5.2.2 Herbiage quality “ - . ‘ \

An at{aly;is 6f -variance of herbage (or pc;ccnt forage degradebility (measured as acid
pepsin dry matter disappearance, APDMD) showed nitrogen and defoliation v;ere signif icant at
~ various levels of probability (Table 5.10). Fallcutting did not significantly affect APDMD in
the following year. A closer cxaminaiion Of the nitrogen and def olialion effects on forage
degradebility (Table 5.11) showed that nitrogen appﬁanon and f requent def oliation increased
APDMD compared to the corftrol treatment.

Although the effect of fall cunihg in 1984 had no signif icaﬁ’t effect on the forage
quality paramet;rﬂ tested in 1985 forage growth, an analysis 'of 'J'a;'ianc‘e by rﬁonths for each
defoliation regime was performed. The mean square values for the 4 cut system revealed that
hitrogen fertilization.and)months. plus their interaction were significant for all quality
“pararncters (Table 5.12). The,mleracuon means f or fallcat by months showed APDMD varied
considerably from May to August 1985 ( Table 5. 12) After May, 1984 AP\)MD increased for
all f allcuttmg treatments. The mean squares and significance levels obtamed under (he 2"cut
. system (Table 5.13) are similar to the 4 cut response (Table 5.14). Nurogen months, their
| interaction and that of fallcut by month were sngmf icantly dif fercm Asf ound for the 4 cut
regime, August 1985 produced herbage with a hnghcr APDMD than June across f allcuts and f or
the momhly mean value (Table 5.15). The later fall harvest m‘1984 generally resulted in hlghcr
, APDMD in June 198§, wjth the exception of August 1985 when a lov;er diécstibility was
recarded. The 1984 f allcut control treatment produced tl§e lowest APDMD in Junc1985, but
was the highest in August of that year. Herbage APDMD fo} the 2‘culs per season differed
. s%bstamially from the Jﬁne and August_harvests (Tablbe 5.15). In June the later fallcutting gave
highest yields; yct by August, yields were the lowgst. The converse was found for {he carly
fallcuttings. . )

The meén”sduare values for nitrogen aﬁd,def oliation were significantly dif f erent for
crude p;otéin (CP) in 1985 (’fable 5.10). Crude protein content of the herbage increased with  *

the application of .200 Kg N/ha or 400 Kg N/ha when compared to the zero nitrogen treatment

.
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Table'5.11  The main treatment effects'of nitrogen application and defoliation :reéime on '
herbage qualxty consmuentsT measured for trial B in the summers@f.«;;1985

106

Treatment | APDMD CP ~ ADF P,
1 j‘/ ,\‘ \ @' %} -
: - - % e —t
“Nitrogen 0" 4297 - 17.34b 2338 0.1883b,
Kg/ha : o200 ¢ 47.56a - 22.48a 20.55b 0.234a
T 400 49962 2369 1909  0.254a
! v ,(_‘,
Defoliation - - 2cuts/yr . 43.86b ' 18.83b . ©  24.54a = .0.198b
regime  dowts/yr  49.80a B2 . 17.48p - 0.253%
ki APDMD= AC1d -pepsin dry matter dlsappearance CpP= crude protein; ADF = acnd _
detergent fibre; P = phosphorus.
a-b, Means within a column followed by the same letter are not significantly dif’ fe erentat .
P= 0 05 accordmg to'Duncan's New Multxple Range test. A ‘ ' yi‘
' < @
R
N
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cutg per vearffor trial B in 1985 across f all harvest treatmems '

-

Table 5 13 /Cld pepsm dry matter dxsappearance (‘APDMD) f onmdmdual months for o our N

Fall - Month -+ =
harvest -
Date May * June July August
- ‘ . ‘ B " o ¢
Aug. 23 - .- ' -0 , 242 .4c y49.4c . vd9.da x54.3a '
Sept.7 1 - 2438 ya9.0b yd9.3a  xSdla
Sept. 14" 2 24380, y49.8bc V' yea xSd.4a
Sep.2l . 3 - . 2447a y50.6a. . yd9.6a x5d.da
. Sep.28 L4 . 43860 yTbs - va9sa - xS2.lb
Oct. 5 . o : I{ o o 245.1a-  y50.3ab- y49.6a' © - x52.6b
[ ' D ’ v L ' \ '
“Month < S R o
mean s ‘243 9 . y49.8 yd94 .. x53.7 &

X- z, Means w1thm TOWS preceded by the same letter are not signifi 1can’lb diff erem at p=0.05
according to Duncan's New Multiple Range test.

- a-c, Means within-a column followed by the same letter are not s:gmf icantly dif fcrem at

p=0. 05 accordmg to Duncan's New Multiple Range test.

-

- N . . AY
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Tabkx 5.15 Herbage degradeblluy over the growmg season under two cuts per year for ench
fallcut treatment for trial B in the summer of 1985. v

»

CFall Fall . @ Momh ..

harvest . .. code - 2
date ‘ number © .June August
. . s \ .
a P ' A
. . %
Aug23 "0, . 434 ¢ 00 a
Sept 7 | T @5 ¢+ 01 a
Sept 14 " S 4“0 b 503 a
Sept 21 - .3 a6 a 03 a ¢
Sept 28 « - S I M4 a 492 b
ots 5 #“6 a ‘ 491 b o
Month ' -
mean - . A . 4.0 vy - 98 x

;a c, Means within a column followed by the same letter are not signifi 1camly diff crent at
p=0:05 according to Duncan's New Multiple Range test.

x-y, Means within a row followed by the same letter are not significantly dx[’ ferent at p 0 05
according to Duncan's New Multiple Range test,

l . Lt .  '(1.—10'
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and under thc 4 cut system compaiﬁ to the 2 ¢ut regime (Table 5.11). The analysrs of variance

by months for the 4 cuts/year regime (Table 5.12) showed significant dlf ferences for mtrogen

Ay
' _ month, the interaction of month by mtrogen and the second order mteracuon of month by

- , \
nitrogen. by fallcut. Significant values were found under the 2 cut system (Table 5.14) for the
v 3

_ , e '
anova for the same variables as for the 4 cut regime, with the exception of the fallcut by month .

interaction which was aot signifi 1cant

B}

An analysrs o\_)rlance of herbage for percent acrd detergent fibre (ADF) showed
'mtrogen 'and def oliation were srgmf icant at p=0.01 and p=0.001, respectively (Table 5.10).

: Exammatron of the mam mtrogen treatment ef fects revealed that higher nitrogen apbltcations
lowered the herbage fibre contcnt\An increase in the frequencv of defoliation decreased ADF D
percent of the sward ('I‘able 5. 11) Results tabulated in Tables 5. 12 t05.14 mdicate month

f. allcuttmgand their interaction were significant for herbage ADF content under. the 2 and 4 cut
d_efoliatron regimes. The response for both,regimes was similar in tha_t,nitrogen. months and
their interaction were signif’ ican‘tly different at p=0.001. The second order interaction, months

‘ by nitrogen by def oliation produeed a sig'nif icant difference under'the 4 cut system 6n1ly.

, The mea‘n sqtiare v‘alues in TableSth for_herbage' quality showed phosphorus (P) was -
affected by nitrogen and 'def oliation treatments as-were digestibility, crude protein and fibre
‘ content The second order interaction f allcut by mtrogen by defoliation was signif icantly
(dlff erent The apphcation of nitrogen substantially mcreased the phosphorus content of the
; herbage compared to the control ('I‘able S. 11) As observed with APDMD and CP greater
f rcquency of def oliation snghificantly mcreased'the P content cornpared to the 2 cut system.ﬂAn

7
analysrs of vanance ‘by months for the defoliation treatments were similar with nitrogen

defoliation and their interaction highly sxgmficant at p= O 001 (Tables 5.12105.14). With the 4

‘cut system the fallcut by month by mtrogen mteraztion was also signifi icant

L

/

1.
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5.2.3 Root total nonstructural %arlm’hydlrate ' S S Mwﬂ(; S ‘
Root't'otal nonstructural carbohydrate ('"l'NC) of alfalfa and smooth bromegrass (Table
5.16) were signif 1cantly different for the three mtrogen treatments. The two specxes responded
'dtl‘ f erently«to the apphed treatments The alfalf aaroot carbohydrate levels were snggtl‘ icantly
affected by defoliation, f allcutting, their 1;teractton and the second order interaction of f alllcut
by nitrogen by defoliation (TabKS 16 The interaction mea&s ol‘ root TNC alfalfafor, = !
fallcuttmg date by mtrogen level are presented in Taple 5.17. There was a general trend ol

mcreasmg Toot TNC reserves by delaymg the fallcutting. Fallcuttmg treatments 4 and > ytclded l

o .

the highest root sugar levels for the .fallcut mean value \and each f allctr_t by nitrogen interaction. -
The exception was the Oct-ob:P-ét 1984 cutting cl'ate with zJero nitrogen which had a
substantrally lower root reserves level compared to the 200 and 400 nitrogen treatments
Root TNC levels of altalfa samples decreased with the number of harvests per year SA
} significant difference for ToOot sugar content was found between 2 c‘ut (mean 19.0%) and 4 cut

.

(mean 15. [‘:‘7) defol tion treatments
- Figure 5.2 \23 comptled to illustrate the dif ferences in the 2 defolxatton regiines f or
.TNé reserVes of alf aifa in the fall of 1984. The fallcut treatments under the 4 cut regime * .
reduced root fsugar level"s: be_low the control which tlid not recover to the August. 23, 1984\ level.
_lhe trend for other fall harvests (not shown in Fighre S.Zl were similar under both defoliation
regimes (Tables 5.18 and 5.19). There was an ot'erall decrease T root reserves of the control
from August 23 to..October 12,1984. After September 7, l984 a decrease in TNC reser;/es f or all .
treatments.was followed by a corresponding increase after a kllling frost (consilier_ed as -5°C),
that occurred on September 27, 1.984.:A further decrease was observed in 'roo.t sugar levels after
the October 5th harvest tmder both reéimes. Under the 2 cut system, fall cutting significantly
:-increased_TNC fevels (Table 5.18) 'by'Oetober 12, 1984 compared to the ch Root TI%IC of
' the fallcut treatrnents for the 2 and 4.,cut‘regime_,s were compared l‘or differences between levels"‘"‘
attained on A.ugust 23 and Oetober 12 1984 and those on October 1i,1984 ('lables’S.lS and

e

5719). The two sets of comparlsons gave the same restrlts.



" TableS. 16 Mean- square values from an analysis of variance of ‘percent total nonstmqtural
carbohydrate in the root of alfalfa and smooth bromegrass for qxal Bin t—’xe t'all of 1984,

_ Alfalfa

O

Source dfr Bromegrass
: ¢
Replication(R) 1 0.78 p 0.36
» ) ’
Nitrogen(N) 2 2.96 38.89
Erorat 2 . 169 133
’ 4
Defoliation(D) 1 22225 0.86
’ ' {
‘DN 2 15.26 1.39,
Error b 3 1.79 1.75
Falicut (€) 5 21,72+ 3.10
Error c, 5. 2.99 2!7 ‘
X 3 - s
QN 10 299 ¢ 1.34
a )o
"Error d 10 0.94 0.96
' e

CD e 1. .

| e O > o
CND ? Y010 469 * 152
Errore’ 15  .£1.52‘ 0.46 .

i

- * ** Significant at 0,05 and 0.01, respectively.

1 brrora RxN; Error b= DR/N Error c=CR/N; Errord CRN Error e=CRD/N.

9
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Tnble 5.17 Root total nonstructural carbohydrate rescrves in alfalf. a‘at three levels of
nitrogen fertilizer and six f dll harvest treatments for trial Bin the fall of 1984,

Fall "~ Fall ﬁitrogen applied (Kg/ha) »
harvest Harvest . ‘ Fallcut
Date code 0 . 200 400 mean
" -
' % L k .

Aug. 23 0 17.5b 15.2¢ 17.0b 16.6b
Sept. 7 1 “14.5¢ 153 16.4c 15.4c
Sept. 14 ¢ 2 17.16- 16.9b 17.1b 17.0b-

, 4
Sept.21 3 17.8b 16.1b 17.0b 16.9b
Sept. 28 & 20.0a 18.6a >18.52 190
17.7 19.1a 19.1a 13,62

a-c, Means within a cblumn followed by the same letter are notssignif 1cantly dlf ferent at

p—O 05 according to Duncan's New Multiple Range test.

i - : . . ‘

-
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Figure 5.2 Trends in alfalfa root tBtal nonstructural carbohydrate in the fall of 1984 under
. ¥

. _ ) J ’
two defoliation regimes for trial B. (A= two summer cuts plus a fall cut, B= four sumsner

) ~cuts plus a fall cut.)’
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* Table 5.18° Mean values §
under the two cuts per year
the fall'of 1984, . "

reent total nonstructural carbohydrate in the roots of alfaifa
ime at each sample datc and fallcutting treatment for trial B in

’ : : ~
_ & ' .
Falleut ) Sampling date " ’
- code AW s . )
number Aug23 Sept1l Sept7 Sept 14 Sept 2] Sept 28 .OctS Oct 12
. - — 9, .
0 - 204. 227 191 161 181 104 199 169
1 | 19.14 185 172 147 203 19.3a
2 o 161t 192 167 184 2l.3a
3 L - 1811 139 197 20%
4 . 104t 225 200a
h 5 o o 199t 205
. ' j'\___, -
\N . B .

different at
p=0.05 accordx&\g to Duncan’s New Multiple Range test.™

t Indicates the time of fall cutting plus root sampling. Subsequent root samples were collected
at weekly intervals. o

a-b, Mean?ﬁhin the October 12 coloumn\b&?wed by the same letter are ot singificantly

e " °

~a-
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Table §.19 Mean values for percent total nonstructural carbohydrate in the roots of alfalfa
under the four cuts per year regime at each sample date and [ allcutung treatment for trial B in

the fall of 1984,

-

Fallcut Sampk date

code - .
" number * Aug 23 Septl «Sept 7 Sept 14 Sept 21 Sept 28 Oct5 Okt 12
% .
0 | 178 163 158 115 123 93 200 18.5
4 . .

"1 158+ 120 138 98 141 159
2 SISt 144 134 149 17.9af\
3 N 12.37\ 122 170 18.0a
4 o - y 9.31" 159 '17.9a
5 | \/ L3 200t 1772

o | .

a-b, Means withir? the October 12 coloumn followéd by the same .let zr are not significar}tly

different at p=0.05 according to Duncan's New Multiple Range test’

" 1. Indicates the time of fall citting and root sampling. Subsequent root samples were collected

at weekly intervals.

N
R



| 200 or 200 and 400K g g‘l/ha treatiment comparisons‘:.’ .

performed A)i:rrj:ther means ot parred values were not srgmf icant at P= 0.10. TNC

118

Arr analysis of variance of smooth-bromegrass root TNC levels (Table 5.16) showed
significant differences for nitrogen and the second e,rder'interaction of ra»llc'uuing by nitrogen
by defoliation. An increas¢ in the nittogen application per year lowered bromegrass root
reserves (0 N~ 17.7%; 200 Kg‘N/h.a- 16.4%; end 400 Kg N/ha- 15.2%). A significant reduct{on
(p=0.05) in reserves was found between the 0 and 400 Kg N/ha-treatments but not for 0 and

Figure 5.3 and Tables 5.20 t0 5.22 show the.trerrds in bromegrass root sugar reserves
during the fall of 1984 for ;a\c;?r nitrogen treatment. In the fall pf 1984 root carbohydrates in
bromegrass showed less variation cdmpare'd to those of alfalfa (Figrxre 5.2). Application of
nitrogenous fert ,y,rzer reduced TNC levels at all sampling dates, rrrespecuve of the fallcutting
treatment. 1£c reserves mcreased af ter the killing frost on September 27 1984 but decrecased.

after October 5, 1984 (as was observed for alfaifa root TNC, Figure 5.2).

5.2.4 Correlation of fall TNC levels with spring yield and height
Regression analyses were conducted on dry matter yield (extrapolating boranical

composition values from trial A to trial B 1985) for alf alf% and bromegrass. All correlations

concentration sured on October 12, 1984 was correlated with mean sward height in,the

spring of 1985. Correlations were performed using height measured in Mziy for the 4 cut system
end height in-June for the 2 cuteregime. None of the analyses performed were significant at P=

0.10. - : o ’
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"Table’5. 20 Mean values f or perccm total nonstructural carbohydrate 4n the roots of
bromegrass uhde;; zero nitrogen at each sample date and fallcutting tfeatment for mal B in the

fall of 1984, T ) \
‘Fallcut ‘ ' “Sample (i:;té |
code - — - — -
number .~ < Aug23 Sept1l Sept7 Sept 14 Sepy2l Sept28 -Oct5 Octl2
0 ma 62 158 174 163 161 197 116
1T Bt 17s 168 174 23 176
Fe S 17.4+ 154 149 180 18.lb
3 o et 163 Wp 194
4 R L 160t 174 is_.sbfi o
s o T " ' 197t 1‘i.'6'c,=_;'

. a-c, Means within the October 12 coloumn followed by the samne letter are not smglf 1cam!y
different at ‘ ‘{

p=0.05 according to Duncan's New Multxple Range test.

t, Indicates the time of fall cumng and rbot samplmg Subsequent root samp.les were Collected
at wcekly mtervals . :

c * ' n . : 4
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Table §. 21 Mean vallles for pércent total nonstructural carbohydrate«in the roots of
bromegrass under nm‘ogen at Kg/ha/vear at each sample date and f allcutlmg treatment f or.
mal B in the fall of 1984, - - __ .

e

Fallcut ‘“‘ b Sémple date .
code - - — . — — N
.nu&nber -~ 77TAug23 Sept 1l Sept7 Sept 14 Sept Zlgept 28 Oct5 Octl2
. l'.‘ ' . %
0 162 145 147 159 162 142 . 164 163c.
1 - 147t 153 151 139 162 1638b,
2 - 159t 151 142 179 173a
3. 162t 160 T 189 1772
4 e 142t " 161 1752
- s N T 164t 1700

a-c, Meam mem the October 12 coloumn followed by the.same letter are not 51gmfxcantly
different at *' . et

- p=0,05 according to Duncan's New Mulnple Range test. ’ o .

t, Indicates the time of fall cumng and root samplmg SubSequent root samples were collected

Coat weekly mtervals

.

-



%, Indicates the time of fall cutting and root samplmg Subsequent root samples w

Table 5.22 Mean values for percent total nonstructural carbohydrate 4n the= rodts of .
bromegrass under nitrogen at 400Kg/ha/year at each sample date and f allcuumg trealmcm for -
- trial Bin the fall of 1984. o -__.:.4,4,-

f.‘\ <,

- Fallcut N ' Sample date

ngr.;ldl:er' . Aug23’ Septli Sept 7‘,_Sepi’14 Sept 21 Sept 28" QOct § 'O‘ct.12"
| -
0 S 1400 11 150 156 145 138 163 16.7a
L 10t 149 144 148 167 159
=y 16t 14l 136 166 14k
™ 3 - ‘ 145t 138 154 15.4b
4 o 138 164 . e
s L | S ‘16,.’3/1“ 15.5b "

3

a-¢, Means w1thm the October 12 coloumn followed by the same letter are not slgmf 1camly
different at

p=0.05-according to ‘Duncan's New Multiple Range test.

tweekly mtervals 5 ; , ¢ , sm :

g

. v
- . : %,
' ) . . B
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5.3 Discussion - o .‘ , L -

o

This discussion is diviged in the same manner as the results'section (f ield data, herbage

¢
~ . . . .«
> ! [}

quality and root carbohydrate).

-

}

531Frelddatn., o I |
L
' Grasg%l‘%'uhzed with mtrogen have been utilized to extend the grazmg season into the
arly fall and wmter (Archer and Decker, T971; Tayler and Templeton 1976) Little data,
’ however is avarlable concerning changes in chemrcal composmon of grass-' legume mrxtures
durmg the year subsequent to a fall harvest. Fall cnttmg date, nrgrogen applrca_tron and
:' f regnen%of defoljation had variable effects in this s:tudy on the herbage vield. sward 'height.
morphglogical developrnent. quality and root total nonstructural carhohydrate (TNCl reserves‘
of alf: alf a and bromegrass | . |

_-Yield and plant herght are hrghly correlated (Tan er al., 1977); however in this studv T
mean sward herght mcreased f or harvests on or after September ”1 1984, whereas the total

= A
seasonal orage‘yreld in 1985 was not aff ectedr Thése fmdmgs are contrary to those of

7 ,
Fulkerson (1970) in Ontano Canada where alfalf. a cut in the late summer and early autumn
reduced the herght of the f ollowmg sprmg crop compared to the unharvested plots However

| 3llms and Taylor (1980) studied an alf alf’ a- orchard grass stand and f ound plant herght of the -
spring crop was highly varrable fwautnmn and winter harvests imposed the previous year. No

_ direct comparison per se with thé results of this study can be made as the calculation of plant

(=sward) height wa$ not ontlined in either paper. The results of this s‘ttrdy may be explained as

f ollows’.‘ Sward height was calculated as the mid-point-between the grass and leéume heights.

Field obserbvations, in 1985 ‘noted the .gra'ss component was taller than the legan A reduction

.i‘n alelf a plant population density occurred in trial A 1985 as a result of«the s_ummer defoliation

Tegimes. Extrapolating the.winter kill of alfalfa to trlal B helps explain, in part, the dornination .

of* {he sward hy the grass in 1585. With the legume r_educed'the rneasure of sward height ]

increased as a.result of the domination of the grass component. However, yield of the f all cut



treatments were'not affected as the grass and legume components Showed compensatory

growth. Si ‘fa\r redu‘ctions in alfalfa plant dertsity were ‘f ound by Sholar et af, (1983) as a result
~ of fall euttittg. mtth*(1961) found a high correlation between alf’ elf a plant height in the fall
~and winter injury the following year. The data indicgted» that winter injury was progressivelys" . .
 more sever as plant height incteatsed. A total of 106min of precipitation (more tfian double the
normal) was measured during Set:tembet 1984 while tentpe‘rature_s recorded were normal. These
_conditions are. known to predispbse alfalfa to wimer kill (Mcl&enzie\. .198-4) and may help |
explain the reductton in alf; alf a plant density observed in 1985. .

Dry matter yields in the following year were significantly mcreased forail f all cut |
. treatments by a mtrogen application of 200 Kg/ha wnth little or no subsequent increase with
hxgher appltcattons\\ The fall harvest at all’ mtrogen treatments did not mcrease yield compared '

.

'to the ccntrol Total dry matter productxdn‘f or the haymg regxme (2 cuts) was almost double

the simulated. grazmg treatment (4 cuts) mespectnve of f all treatment. F orage yleldq were not
signif’ 1cantly af’ fected by f all cuttmg treatments with five harvests the previous year. There :

. “were, however, substant:al y:eld mcreases for fall treatments on or after Septembe 14 .1984.
The highest was recorded for the October fall harvest. This is in agreement thh studles by

. Folkins et al. (1961) in Ontario, Cana&a and Sholar et al. (1983)&m Oklahom:t USA The .
| effect of fi all cutting en yteld was apparent for the Sprmg harvest in 1985 where sxgmf icantly
hxgher yields were, recorded f or all treatments. Remammg summer def ollatxons were unaff ected - “
(Table 5.7 and 5.8). Accepting the tradmonal concept of a §j§,..week -crtttcal harvest period -
(Smith, 1972) before a-kill.ittg frost, the Edmontdtt area Qeuld have a critical pe_ried from earlyv :
Sépterrtber 'tq mid October.\When First cut yield is used to comt)are the effects of fall cuttirtg,

. results’aure inconsis_tetu for the,abovef coricept. Yield should have d,ecre\ased »Iif the above holde
true, ttowever vield ittcreesed with allcutting. This'may mean that the critical fall ha&vest ‘

' perlod is not related to mterference with cold acclimation and winter in jury. vadence to

support this is provided by Tesar and Yager (1985) who found l‘hat f all cuttmg in Michigan d1d

not decrease gtand per31stence provided hardy culttvars were grown..



s
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* The dry growing condi'tions in the summer of 1984 and 1985 (Appendix 3)tproduced
little regrowth at theptime the last cut treatments were made, 'so no attempt was made to
determine forage yields. The eff eﬁ%s of a first ha‘rvest in‘ late.May compared to late_J une in
red‘ucing subsequent regrowth yields are‘clearly shown inT ables 5.7 and 5.8, The reason .
differences between the f all treatments are evrdent only in the first hdrvest, 1rrespecuve whether
it be in May or J une is a consequense of the\evel of TNC reserves accumrlated the prevrous
fall. The evel of’l‘ NC reserves effect not on the health of plants but also the fegrowth vigor
the f ollowing spring. The higher reserves accumilated by those treatments that occutred af ter
September Zi, 1984 are reflected in the subsequent yield the nerrt sp:r'ng. Hence, the September
21, 1984 fall cutting zgavejthe highest yield in May‘,r.and‘tended to be better for other summer
; }harvests in 19‘85, despite the fall cutting date treatments in the second. third and fourth
- harvests not being Statistically different. With the 2 cut system, September 21 and Qctober 5,
1984 fall harvests gave highest yields inJune and August 1985 whereas the control plots were
the lowest yielding' for the same months. |
53, 2 Herbage quality ‘ ' . ' A

Numerous studies by Collins and Taylor (1980), Flemrng et al. (1983) and Collms
(1983) showed changes in herbage quality durmg the fall and related these changes to yield,
stand persrstence and root TNC levels the f ollowrng sprmg However no studnes have been

- conducted that have exammed the effects of-fall harvest ox_r the herbage quahty the followmg
year. o )

Fall cut treatments did not affect the total seasonal'herbage quality in the f ollowing‘
vear (Table 5.10). The effects of nitrogen application and defoliation followed well known’
trends Hngher nitrogen dressmgs and def ohanon f requcncy subsequently produced mgher

PDMD protein.and phosphorus values and lower fi 1b3 content. A closer scrutiny of fall
cutting for individual defoliation regu_nes revealed fallcut by months was«hrghly signifi icant for
forage degradebility (acid pepsin dry matter disappearar‘rce, APDMD).‘ Under both summer .

3

125

¢
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harvest regimes the fall cut treatment on September 21, 1984 gave consistently higher APDMD
" values throughout the growing season of 1985 (Tables 5.13and 5.15). A substanttal reductton
m dtgesttbtltty of August harvested herbage occurred for the Septembér 2% and October 5, 1984
autumn harvest under both defoliation regimes. A posgible explanatton is the weather pattern

| during the growmg season of 1985 and sward composmon @perarures for May to July were

' near nprmal whtle ramfall was well below the 30 year average. In August 1985 a higher than

normal preetpttatton was record’ed. With the reduction in alfalfa stand density due to summer
def oliations combined with the lnelow at/erage Tainfall from May'_ to J.uly\ 1~98vS. the contribution
of both the grass anrl_leguihe to sward JAPDMD ref_hained constant; With the higher rainfall
received in August 1985, th‘c grass gxhibited rapid growth thus increasing its eontribution to 'the
sward. A correspon(ling deerease in APDMD was;evident since grasses arc less digestible than

‘legumes at similar growth stages.

5.3.3 Root total nonstructural carbohydrate reserves o | . \

a

Alfalfa lS the most commonly grown legume in western Canada where cltm,ate differs
from one region to another, one might also expect the critical time for carbohydr_ate storage Lo .
. 1] . .
vary. A knowledge of this critical storage period is a prerequisite f or optimum management of .

- alfaifa.

v

Most studies conducted by reéearchers in determining whether an autumn harvest on
alfalfa is detrimental - have been conducted on pure alfalfa stands. The general recommendauon

in north’ér:;lberta (McKenzte 1984) has been that.alfalfa should not be harvested from mtd

' o

August to mid September, although the top growth could be removed saf ely af ter the fi irst,

killing frost in late September or early October. This is because rese_arch has shown that the

-
~

early fall is considerecf a critical time f or storage of food reserves in alfalfa (Johnston, 1966;
Willard etal., 1934). This recommendation ignores the influence of environmental factors and -

management practices prior to the fall harvest.

.
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" The timing of the final harvest #fected alf alfa_root carbohydrate levels (signific
fallcut p=0. 01) in 198{{ (Table 5.16) with maximum root reserves for the September 28.and
October 5 1984 cutting treatments. Delaymg the fall harvest after September 7 1984 tended to
*increase reserve levels. Such dif ferences may be related to the regrowth period between the last
'ywo harvests in 1984 and its effects on tiller production and:devélopment. A defoliation on
August 23, 1984 was apphed to all plots prior &o tHe fall harvest treatment. Hence the regrowth -
period before the final harvest varied from 17 to 49 days. ’I'hrs same period allowed for -8 10-35
days of regrowth before the frrst killmg f rost (the negative value mdrcates the fall harvest ~ *
occurred after thedcilling frost, Table 5.23). In this study.-§'C was pbserved to be the 4 |

4

temperat_ure at which the_upright top growth of alfalfa was severely damaged or killed. Similar

. observations in Oklahoma were made by Sholar et al. (1983). All the succeeding growth arose -

from the residual biomass remaining aftér the August 23 1984 defoliation, termin‘al buds of
unelongated rhizomes or from other crown. Thus regrowth was produced under the shortening
day lengths and cooler mghts of autumn. It was observed that early fall cuttmg resulted in

mcreased bud fortation compared to the control Silkett et al. (1937) reported srmilar

responses in bud formation of-alfalfa.-The increase in root reserves of alf: alfa for fallcutting

——

after. September 7, 1984 may be explained as follows. The cyclic pattern of root Teserves in .
' .

Wrsconsm and Ontario (Reynolds and Smith, 1962; Johnston, 1966) was a 3 week declme

followed by a 2 week relenishment period. Consequently in this study the late summer harvest

permitted the reserve cycle to'be completed, the early fallcuts of Septem@r 7 and 14 allowed

suf fi icieut draw down af reserves for regrowth while the late f allcuts September 28 and Octpber

5 allowed pbotosynthates to be accumulated (as temperature and morsture were above normal

-(Appendix 2 and 5) but did not allow suf ficient regrowth to r'educe stored reserves. .‘ |
The interaction of nitrogen by f all cuttmg was signific 1cant (Table 5.16). The response of

alf alfa root TNC reserv;s (Table 5.17) to the mtrogen appltcations of 200 and 4(')0 Kg/ha was

such that an increase in oot reserves was observed'(ll)hbetween nitrogen treatments and (2)

with lateness 8F the fall cut. On average maximum root reserves occurred with the Septethber .
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Y ’ : . /
"~ Table 5.23 Recovery time from the last{harvest to the fi nrst hard frost (- S’C) f or alfalfa and
bromegrass root samples for trial B m 1984.

)

Falil ~ Fall ' Recovery timet
harvest , colle B
“ date 7o . number o+ . indays
Aug 23° | 0 35
. .. . - - , . “ .
Sept 7 - . - ' S | 20
. Septl4 - o 2 - 13
| /
-Septa_l' e L3 . 6
. C \.(." . . «
Sept 28" . : T 4 -1
Fows \ s 8
. B ’ /,

- 1 Negative values show the last cutting tyeatment occurred after the first hvrd frost.

-
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¢

28, 1984 cutting treatient. Root reserves were depleted by the September 7, 1984 harvest date
irrespective of nitrogen treatment (Table 5.17). B ”

L 4
It became apparent during the course of this study that managemem practices prior to

K
the fall (in particular the number of def ohanons) had a sighificant mf)uepce on Toot Teserves
of alfalfa and y%ld in the tollowmg year. The results f rom thlS study.tend to disagree with the
traditional recommendauon that a fall cut 4-6 weeks, prior to a killing frost would reduce TNC
!’ ‘,‘

reserves and consequently reduce production in the followmg year. The possible riasons whv
[/

the results of this study do not hold to the‘e&e concept are d%scussed elow.

When fall cutting was 1mposed on a 2 and’4 summer def. olxanon regxme root TNC
levels of alfalf a were a&tered (Figure 5.2). On October 12, 1984 w1th 2 summer defoliations
TNC levels were significantly increased by a fall cutting. This is an advantage as plants entered
the winter wi@igher root resef\zes,which enabled" them 10 develop and rrlaimain winter |
hardines; and increased vigor in the following Spring. This was reﬁected in the total dry rr:atter
y}’ield- where all fall cuts were found to have had iné}'éased yield co‘mpafés\ to the control with
the exceplion’ Qf ‘September 7, 1984 (Tablé 5.5). It therefore appears to be advantageoué to
hafvest an glf a"lfiabr'omegrass stand upder al cﬁt system in central Alberta. Two cuts taken as
hay in june and August with a third’ def o!iation either as hay or grazing ix_1 late Septemberl or
early October. Frequéntly the second hay cut cannot be made as schedul:dv in late Augﬁst ~
beé'ause ,of unfavouxabi‘:: weather conditions, or the ﬁasturc is required for winter grazing. The
results of this study'indicate that harvesting or grazing in September or October would not
reduce herbage yield or quality in thé following year. From this stud;' grazing appears to beithe
more feasible as-plant growth remaineq prosirate in the f all,,'Many farmers do ﬁtilize forage in
the fall for grazing in western Canada. (Walton. 1}987 personal communication). When a 4 cut
system had an additional cut iri the fall the reserve levels»attained‘b; O';:Itober‘ 12, 1984 were no
different from the uncut fall control. These results are similar to those of Collins and Taylor

(1980) in Kentucky where fall TNC levels were not conjsistently reduced by f&ll harvest

treatments. The fluctuations in reserve levels are consistent with those reported by Sholar et al.

i
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(1983) an:d“Fjolk_ins et al. (1961) for the first vear's fall cutting ef fects. In 1984 cool and supny
weather in Seprember and Octobert combined with the.slowly regrowing'.alf alfa produced good

» photosynthetic conditions. This may be partially responsiole for the f airl'y stam: 'i'NC levels
observed for the f a’ll cut treatments under the 4 cut system whete plant vigor had been

previously reduced‘as a result of summer defoliations. - . ,

‘chen alfalfa plants were harvested in.the late summer (ie. the cdnu‘bl‘) root reserves
were simi[ar under both 2 and 4 sum"mer defoliation regimes ( Figure 5.2). Carbohydrate levels -
 steadily decreased after September .l until the killing frost on Septelger 28, 1984. kA' greater

.reducnon in root reserves of alfalfa were noted for plants previously harvested for hay (2 cuts)

A compared to simulated grazmg (4 cuts). The greater regucuon under the hay regrme was a
consequence of the hxgher shoot numbers and leaf production observed. The increase in
carbohydrate reserves after the kulmg frost can possibly by explained by (1) pholowmhales
being accumulated under the favourable climatic con.ditions that prevailed that fail, (2) reduccd '
respiration-due to lower night tzmperatures and leaf loss by [ rost damage and (3)a .

"r.emobili.zation of carbohydrates from the heroage imo\the roots. Root reserv‘es decreased 2
weeks after the killing frosr as plants entered winter and 'becam: dormhant; depletion of rescrves
would cohtinue as th!} are utilized for respiration over the winter months. The dec'rease in
TNC reserves was similar to that found by Bula and Smith (1954) in Wxsconsm and Reynolds .
(1971) in Tennessee

—”’?\n egrly Fall defohauon (eg. September 14, "1984, Figure 5.2) increased root rescrves

which continued to rise until early October. When TNC levels were measured on October 12,

11984 all fall cut treatments imposed on the summe'r hay regime had signif icamly higher levels . '
th%n the control (Table 5.18). However under the srmulateﬂ grazing regime only the September

7, g984 tregtment had signifi 1cantly reduced its TNC levels compared to the control (Table 5 19)
(-

As prevnously tated, suf ficient regrowth had occurred to decrease reserves prior to the killing

frost. Accumula ot af ter this time did not restore reserves to the level of the control when
sampled on Octd'ger 12, 1984. : | C L

1 ' .

»

=4
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The response in TNC reserves of alfalfa subjected o a late fall cutting were similar

\

under both summer defoliation regimes (Figure 5.2). As the killing frost ‘occurred before the

late fall harvests (Table 5.23) little or no regrowth (as stem production or elongation) was
' 4

_ observed. A consequence was that root reserves increased thereafter until October 12, 1984,
The timiné of the fall harvest did-hot alter the root TNC reservedevels o(ﬂromegrass

asf ailcuttiqg was not significant (Table 5.16). These results confirmed the research f indings

~ that smooth bromegrass is ﬁardy and does notwinter kill as easily as alfaifa (‘Walton:, 1983).
The root sugar levels of bromegrass were affected by nitrogen applbicatibn and fall cutttn\gﬂdgte.
Nitrogen applications of 200-and 400. ‘Kg/ha reduced foot carbqhydrate leve.lsb‘compared to the‘
unfertilized treatment. A reductibn in root sugar levels'in the fertilized plots may be explained
by thé high number of tillers and o sal leaves observed, ie; better growth. Early t;r late fall

cutting (Eigure-3.3) had variable effects on root carbohydrate reserves when nitrogen was

-~

J .
A applied. The fall cut on September 14, 1984 accumulated the highest sugar reserves for the-

*

. unfertilized and 200 Kg/ha treatments whercas the ‘czmt'rol had the lowest carbohydrate

reserves. Reserves were the highest for the uncut planE‘s in the 400 Kg N/ha treaument.

~ ) 3 . . \ -
Controlled temperature research with bromegrass indicated that growth under cool

temperatures results in higher TNC reserves.than levels under warm temperatures. This is due

N .

{o partitioning of carbohydrates into the reserve pool rather than into structural components.
S

This was shown by the increase in TNC reserves between trial-A and trial B. Substantial .
increases in reserves for the unfertilized and 200 Kg N/ha plots apd slight increases for.the‘400
\Kg N/ha treatment were observed in 1984. TNC reservé levels after September 1 were relatively-

- constant until the f irst hard frost on September 27, 1984. Thereafter levels increaséd to.a

Cu

maximum on October 5 and had declined by October 12, 1984. A further decline in{?ﬁe’rve’s was

likely after October 12, 1984 becausé sugirs were utilized during wirg_t,er' dormancy fer

' ) respiration an tissue maintenance. This has been docdmented by Bula and Smith (1954). The
f‘f g ’ ] 7 ) . .
lower TNC reserves of the nitrogen treated plants followed the field observation that the grass

plants had higher basal cover compared to the unfertilized plants. When the plants enteredthe

%

N o f
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fall, photosynt?etic conditionslwere good. However with the small amount of leaf tissue
remaining after the August 23, 1984 def oliation photosynthetic acqumulatiort of carbohydrates
probably did not exceed the depletion by respiration, hence TNC reserves were not rcplettished
and levels remained low. The balance between'photos§nthesis and respiration during the
sampling period varied little. This is reflected by the fairly constant level of earbohydrates from
Auglrst 23 to September 28 irrespective of the fall Cut . The severity o‘of tissue damage ooscryred
f&r bromegrassincreased in the zero, 200 and 400 nitrogen treatments by the first haro frost
(considered to be -5°C)-in the order listed. This may explein the-dectrease in root carbohydrate -
‘le"vels found ‘betweEn October S‘and 12 1984 fall cutting treatmen:s and the control. A stable

TNC level was observed for the 200 Kg nitrogen treatment while an increase was noted for the

400 threatment.

d

The response at each nitrogen level was exami lain the ditferences in TNC

levels to an early or late fall cut. An early fall def ohatx to unfertilized plants reduced

v
respiration and was found to iessen the depletidn of root reserves. This may be due in part 0 a
1 p 4

decrease in leaf arga as a result of the fall cut combined with a cessation in rhizorhe production
and root growth . Therefore When compared to unfertilized, uncut plants the TNC levels were
high. The plants that recefved 200 and 400 Kg N/ha had a higl'ter, mass of photosynthetic tissue

enten’f'tg the fall. When defoliated early in the fall, the presence of "available moisture and soil
nitrogen initiated regrowth thus reducing root TNC levels below those of .the fertilized uncut

.plants. The unfertilized plants sampleam October 12, 1984 for root TNC reserves ‘ed)
significant increases for'f all cut trcatments on September 7 (18.1%) 14 (19.4%) and 21
(18.3%) as compared to the, control (17.6%). A similar response was obtamed for the 200 K§g

N/ha treatment where increases for all fall cut treatments were observed compared to the

®

control. The September 14, 1984 harvest had the highest reserve level at 17.7%. The 400 Kg

N/ha treatment for all fall cuts reduced TNC levels below that of the uncut control.

.

The results of this study of fall cutting on root TNC reserves in an alfalfa bromegrass |
& . ‘
mixture for yield and quality in the following year should be viewed with caution as only one

Y
Y .
~ i Id



v

L Bt

year's'data is presented. Research studieg conducted by numerous workers indicate that fall ".

* . cutting eff ectsfare more pronounced during s_ubsequent years,

 5.3.4 Cotrelation of fall TNC levels with spring yield and helght

)
To correlate alf alf a and smooth bromegrass TNC reserve level with therr respecttve dry

o

matter ylelds the £ ollowmg spnng the percentage composruon obtamed in trral A (May and

June 1985) were extrapolated to trtal B to estrmate legume and grass ylelds Cook (1971) from

' vanous studtes concluded that the level of TNC in late f all was: avgood mdex of treatment'

¢

\severrty tmposed that year. Hence, the TNC reserve values for samples collected on October 12,'

1984 were correlated wrth yield in 1985 All correlatrons perf ormed usmg erther treatment
A

means or parred values (as explatned in the method and matenals) were no s:gmf icant even at b

| the P 0 10 level

‘ '_v' between&prmg ‘helght of- alfalf a and root TNC in mmovember ‘Similar correlattons in this

Collms and Taylor (1980) recorded hrgh positive correlattons (r =0, 90"‘ or greater)

study revealed there to be no assocrauon between TNC levels in- mid - October 1984,1nd hexght mn -

i

May or June 198s.

~ Three reasons may be responsrble f or the-lack of srgmf icance f or correlattons between '

A . TNC and yreld or hetght found in this study, (l)TNC levels i m mld October are not as good an

i

» mdrcator of spring v1gor as those in mid- November (2) rnean sward hetght was the used as the

\ndependent variable as compared to- alf alfa hetght used by Collms and Taylor (1980) and (3)
Hetght was recorded at the end of May and J une and not m the early sprmg(Aprrl)‘.The e}fects
of plant vrgor resulung from TNC levels would have been masked bv photosynthetrc |

contrlbuuons 1o growth

3
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~5.4 Summary and Co
‘ (1) The results from this one year study indicated‘that a pbtential exists-f or autumn

utrhzatron of estabhshed alfalfa bromegrass stands when. prevrously utrhzed for hay or grazmg

3 - (2) When the sward was harvested for hay (’2 cuts) a fall harvest in late September

.-

increased dry matter yteld and herba‘gwuahty in the followrng year.

(3) When the sward was harvested to srmulate rotatronal grazmg (4 cuts). an addttronal ,

fall haryest caused no reductron in yreld or herbage quality the ollowmg year,
(4) No response to.fall cutting was measured f or herbage crude protein, acid detergent '

fibre or phosphorus content. Herbage degradebrhty ( measured as acrd pepsin dry matter

drsappearance) was mcreased by af all harvest after September 21, 1984 for both the hay ar;d -

grazing systems o \}‘ i - i N

(5) Alfalfa TNC 1evels were not aff ected by mtrogenmapphcatron but were increased by .
/ s v

f
f allcuttmg af ter September 21 1984 When wfall cugttmg was 1mposed on a hay regime reser\ es .

‘ ,,,were aecumulated to a le.vel Agreater than the Ancut control. Under simulated ‘grazing a f all

,7 ' [




" yield, Auality and TNC reserves. - o _ | S 6%

~ . 6. GEVERAL DISCUSSION

An xmportant aspect of forage management especially rnresearch is the determmanon : "

of f Orage quallty The partlcular quality constrtuents assayed’will determme the cost of

3
analyses Laboratory chemlcal analysis by whrch quahty constltuents are routinely determrned 1s

time consummg and expensive Near infrared rel‘lectance (NIR) spectroscopy has been used to

raptd!y predtct chemtcal constttuents drgestxbrhty and ammal mtake ol‘ f orages (Norris et al.,

1976 Shenk el al 1979; Mathison et af.; 1985) Recently Brink and ‘Marten (1986) used NIR

té predrct root total nonstructural carbohydrates of alfalfa. When large numbers of samples are

' mvolved that require numerous quahty determmatrons NIR technology has the ability of

srmultaneous multtconstltuent sample analysrs thus reducmg analysrs time and c0sts
substantrally NIR spectrophotometers and their appltcatron to f orage analysrs will. enable

accurate and. rapld assay at a cost conSrderably Iess than conventional laboratory

determrnauons Analytrcal chemlsts recogmze that new mstrumentatron (wrth cheaper and .more -

A

_ powerf ul computers) will further enhaghce the use of NIR technology. As a result of the low

.expense, mvolved samples to be assayed may be collected more frequently thereby enhancrng

é

* the research data base creatmg a better understandmg of ‘tne changes in forage qualtty whrch

“

ultrmately benefits the farmer. o, . e

The’ research studied the effects of summer and fall management of alfﬁlfa and

: bromegrass root resefves and the way they mfluence yreld and quality. NIR Spectroscopy was

r

used to determme herbage quahty and root, TNC resefves. pf alfalfa and bromegrass The thesrs \

’
consxsted of two trials. Trial A studred the effect ol’ summer defohatxon and nitrogen fertrlrzer '

on yreld herbage quahty and root TNC reserves. Trial B mves%ted the ef fect of f all cut

: 1mposed on trial A treatments»fm Eé‘!‘éot reser‘ees in the fall with yreld and herbage quahty

- 'f R 't‘/ -
measured the follo"tvmg year, ‘% R - ‘ :

The l‘ollowmg cbscl?ssxon cofhbmes the results of both trrals Hay and simulated grazmg

~,

el

regrmes in the summer and the effects of an addrtronal fall harvest are dtscussed in relanon to«-‘ ;

&

Bs o o



6.i Harvesting for Hay
] : : . v
. When forage is grown for hay, quantity and quality are the two rnosl importan‘t'
. vco'nsidera‘tions inﬂdeneing the time"to' harvest. The decisron when to harvest is a ¢ompromise
between the highest Quality and the éreatest quantny howeverhuamity conciderations usually
' ‘ predormnats In central Alberta hay is usually taken as two curs/year dependmg on the

N
4 N\

growmg season (McElgun etal., 1972). Harvests are normally taken at the begmnmg of June

and the end of August, hence the dates USed m th
The results of this study foliow welf ic
tor‘aldry.ma.tter.' yields combined with high yie{ds of degradehle dry rnatter and cnrde protein
(Tables 4.11 and 4.’12). When comnared t,o harvesting for pasture, carbohydratc reserves were
maintained at levels adequate to supp01t such high yrelds When harvested alf alf a and |
bromegrass wpre between 50- 100% bloom stage and stem elongauon and head emergence

; Thxs corresponds well to the optxmum time predxcted for harvesung alf: alf a and

' from other studxes (Smuh 1962 McElgun et al., 1972) Under this harVest rcgnme
Fids of alf alfa and auxnllary buds of bromegrass are suff 1c1ently developed to enable
, “rowth (Smlth 1981a) This ensures the crop canopy is able to mtertept most_ of the |
avarlable hght As the leaf area of the sward mcreased and attamed a ce:lms level
photosynthates were channeled from structural componems into storage geserves hence root
T‘NC levels remained hrgh. |
6.1.1 Effects of 2 fall defoliation .
' Fall management of forage crops, espeeially alfalf a is probably the most important
' aspect of management affectmg the health vrgor persnstence and producuon of .the stand. Thrs
| is due to a crmcal penod in the f all when TNC reserves are stored Lo enable the aLtammem of
wmter hardmess and to provrde adequate reserves to sustam wmter dormancy and allow rapld
" growth the followmg.sprmg. Acut durmg this period causes TNC reserves in the root 1o be
. used to init.i'ateynew plant growth, ag'a congeqdenee plants entepthe wintér with low TNC

. e
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reqs'erves.Such. plants ate most likely to be injured or killed and therefore reduce yields (Graber

N

.- et al., 1927). Cutting after a killing { rost.is less hazardous than Ct;tting before. HoWever late
fall cutting removes the stubblé that'would catch the 'snow and act as an insulator during the
winter and early spring This critical period elxte'nds f rom‘ mid August.to early October in central

'_:Alberta (McKenzxe 198% Harvesting 4 6 weeks prror to the first krllmg frost usually reduces

»yield’ and TNC levels Thrs was not found to be the case in this study Fall cuttrng after
September 15, 1984 mcreased yield and herbage quality in, the f ollowmg year. As foliage in the
fall remained prostrate it would appear to' be more feasible to graze the stand rather than, take a

hay. This is a m'anagement practtoes»used by some farmers in this regton (Walton_, 1987 personal’

L4

communication). Due to the interaction of weather and management practice‘s the exact reasons

4

~ asto why herbage quality was mcreased by, fallcuttmg ts not known: Irrespectrve of the

oy
f allcuttmg date in 1984 carbohydrate reserves were rncreased compared to the uncut control

°

This is an advantage as plants entered the winter wrth hrgher root reserves which enabled them

to develop and mamtam winter hardiness and increased yrgqr the f ollowmg sprmg Thrs wWas . \
. \.' - CEN
. reflected m higher total dry matter yields in 1985. Frequently the second hay cut can not be

:taken as scheduled'rn Iaté August because of unf’ avourafle weather conditions or the,?asture is s
requtred for grazmg in late September or early October. Extrapolatmg from the results of this
study combmed wtth other research (Fulkerson 1966 Reynolds, 1971) it appears that this

'. practice would not be detmmental to ‘yteld\or stand longevity.

" N .
6.2 P'larvestmg as s1mulated grazing
| ' Research has shown that rotattonal grazmg grves high forage yrelds wrth littte orno

oA
‘_tramphng and perrnrts eVen grazing. This is the recommended practice in Alberta. Bromegrass- .
alf alf a mixtures are recommended for grazing in.cent'i‘al Alberta. Grazing s'vhould not cornrnence
before»J une 1 as grazing prior tort rs may reduce total ,Yieid and haSten the loss'.of alfaifa from
the stand. The‘rest efiod shou‘ld' be 3-4 weeks if thelegirme is to be retained. Hence the use of ,_ [

a si_m‘lated‘rotational grazing regime in this study.

P ! . . -
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"capacrty of young leaves the time jnterval between harvests did not permtt reserves to be
hY!
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" When the sward was harvested at monthly intervals starting at the end of May until

" August herbage quﬂity was higher than the two cut treatment but was obtained at the cost of

reducedr'dry matter yield. These effects combined produced degradeble dry matter and crude

protein yields that wer€ g when compared to hay. The effect of f requent defoliation was to’

reduce plant height and 'ntain plantsin a vegetative state (Table 4.3). The effects of reduced

4 ‘productron appears to be related to low le Is -of TNC reserves. thh frequent cuttmg alf alf a

and bromegrass were harvested whrle Teservesywere being’ utrhzed for regrowth. For both specres
¢

“buds had not developed suf f1c1ently’to enable rapid regrow th, therefore stored carbohydrates

a

were subsequently utilized for bud and leaf development Desprte the hlgher photosynthetre

replemshed to their original level. Hence alfalfa plants were sufficiently weakened that a

| reductlon m alf alfa population densrty was rec0rdcd in 1985. The increased quality compared to
. hay is because leaf tissue predommates in vegetatrve materral and is'of higher qualtty than stem
© tissue. As herblge matures the stem: leaf ratio increases thereby reducmg overall quality. Hence

- the trends observed in thisstudy (Table 4.7)_.

6.2.1 Effects of fall defoliation - - -

As outhned earher fall cutting is an important aspect of management often .
underestrmated When winter hay shortages predommate grazing a pasture mto the fall can o
supply the forage needed to mamtam'the partrcular type of ammal bemg fed. However the’

consequences of such a dectsron can be disastrous as outlined prevrously Thrs study revcalcd

~" that a fall harvest from early September to early October when 1mposed: on a pasture previously

e . ,
used for rotational grazing neither reduced yield or quality the following‘year. Carbohydrate

root reserves of awomegrass were not significantly altered by a f allcuttmg when

L]

applred durmg the early fall Thrs indicates an alfalfa bromegrass stand can be grazed until

early October with no detnmental effects yield i in the Followmg year Cautton is required

however as other published research'shows the effects bf fall utrlrzatron of pasture only ,

“
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becomes evident after 2 or 3 years use.

6.3 Applied nitrogen to a mixed sward

'Applications of nitrogenous fertilizer to alf. alf a -bromegrass mixtures are used to
- increase herbage producuon by mcreasmg the percentage grass composrtron and dry matter
. yneld Such responses are only possrble if other factors (eg morsture temperature and light)

N
- are not limiting growth.

_ The effects of moisture in limi"ting'-the response of a grass -legume stand to applied
mtrogen were observed i in- thlS study Although total herba‘ge yrelds were increased by the use of
mtrogenous fertrlrzer yreld responses were more pronounced in 1985 than 1984 (Flgure 4.1):.
The higher herbage‘yrelds recorded in 1985 were an effect of hrgh soil moisture levels
throughout the growingl season as compared to 1984 (Appendix 3’)& Grass yield and total |
herhage\;eld had‘identical; responses to applied nitrogen in the two study years. Yield tncre.ased
correspondihgly ‘with the amount of ﬁnitrogen .applied. Due to the dry soil conditions in 1984 ‘

“alfalfa with its long tap .root was able to exploit the soil profile to greatex&depths than

‘ bromeg.rass. and hence obtaint more-water for growth causi,ng‘ substantial_ly higher yields.

. However no incr.ease,in legume yield was recorded therefore we can 'postulate ’that'al-falf a
requrres adequate soil moisture to efficiently utrhze applied nitrogen. At each samplmg date
alf alfa had reached the 50% bloom stage, thus. root 'I'NC Teserve werc( being replenished by

& sugars from phowsynthesrs. The result being that carbohydrate reserve levels of alfalfa were \ A

*  not affected by the nitrogerr treatments. Applied nitrogen has variablggf" fects on TNC reserve

levels rangmg from an mcrease or decrease to no effect (Paulsen and Smith, 1969) The

response elucrdated is dependent upon th_e specres the level of TI\fC at the time of nitrogen

4
applrcatlon and prevarlmg abiotic factors. Th_rs type of variability in TNC levels were obtained

“in the Gvo study years. " . S
Asa resuit of applred mtrogen and available' sorl morsture in 1985 the grass f ractron of

the sward rncreased its percentage composruon herght and yield. The consequence was the grass
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shaded the alf alf a plants causing reduced photosymhesis which was accoumed for in stable
TNC reserve levels This was also rel‘lected by reduced legume percemage composmon

Carbohydrate rescrve levels in bromegrass were reduced in response to the mcreased plant
growth that occurred in 1985 (Table 4.3). Fertilizers are normally used to increase forage
quantrty but can greatly influence qualrty When a grass legume stand is involved the overall.
» response to ‘applred nrtrogen varies. Thrs study showed no changes in ty/;estrbrlrty indicator
APDMD in either year when quality of the A:ugui herbage was measureﬁ&h;;easonsare
related to the habit at.that time of year. As temperatures are cooler and moisture is less plants
. are not vrgorously growing, but instead are advanced in maturrt@ﬂence theﬁddmon of
nitrogen in mcreased plant@(o\vth is not evident at this time of year and the reason APDMD -
. values were constant in both years. The dry sorl conditions in 1984 also negaled thc increases in |

. crude protem and phosphorus by nrtrogen apphcauon to the stand Hrgn‘er qualrty as measured

by tPe above were recorded in 1985 as a response to hrgh soil moisture levels

.
T

~
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;)' 8.1 Appéndix 1 Description of Soil type at Ellerslie Research f}Station.

Soil: Eluvxated Black Chernozem E
. | (

Locationi _Ellerslie Research St/auon Edmomon Alberta,
R SE 1/4 Secuon 24, Tp 51t 25 w4, S

Parent Material: Lacusmne thh mterbedded tlll o

Landf orm and Site Position: Undulatmg. upper slope posmon very gently
slopmg to the West.

S6il Drainage: ~ Well dramed
; 5

Present Landuse: Amve dropland ' o

Vegetation: Grasses legumes and cémmon weeds. |
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8.2 Appendix 2  Mean monthly maximum and minimum temperatures at Ellerslie Research -

Station in 1984, 1985 and 1951-80 average.

-

1984 ' 1985 1951-80 Ave.

Month ! min max < min max ‘min max
—C
" January -13.3° -1.6 -16.4 -4.2 <2217 -11.5
February -9.1 2.5 -19.0 -6.5 -17.0 -5.9
March -8.2 1.9 | . -8.3 2.2 -12.4 -1.7
April -1.1 13.3 -1.1 9.9 -2.8 8.9
May 3.7 14.6 51 - 18.9 34 19.2
Ju 7.9 20.2 5.8 . 19.6 7.6 20.3
July - 8.8° 2}'.7' 9.3 241 9.6 22.4
August 9.2 24.1 7.3 - 20.3 8.5 21.3
September 2.8 12.3 © 23 12.2 . 3.9 10.2
October -10.1 -2.3 -2.4 9.2 -1.7 10.8
November :15.5 s =52 -19.2. -9.4 -9.7 -0.1
December -23.0 i -11.5 -12.1 -3.5 -17.2 -7.2
{



8.3 Appendix 3 Monthly precipitation (mm) at Ellerslie Research Station in 1984, 1985 and

158

»

Sihoonuinyoo it B oi—

1951-80-average.
Month 1984 1985 - 1951-80
Ave,
_ ~ mm - ‘
January 18.0 13.1 e (3.
February " 7.2 15.2 17,
March 9.1 5.1 17.

" April 5.6 2710 ' 20
May 60.6 38.77 44
June 3&3.5 58.8 )
July 35.6 40.1 ; 84
August 28.2 78.6 i 66
‘September 106.3 47.6 40,
October 35.9 . 179 16.
November 13.0 13.3 16
December 26.0 214 24
Annual ‘

. Total 399.0 376.8 425.2
Growing - :
season? 177.9 216.2 273.7
total

1 May to August.
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8.4 Appendix® Gound cover line transect study of the trial site in the fall of 1983. ,

Objective: - To confirm the visual observation that the proposed trial site had a uniform

ground cover of alfalfa and smooth bfomegrass.

- 4

Method:  Two line transects 85m long and 40m apart were marked out at the proposed trial

site in the fall of 1983, A viéual estimate of percentage ground cover was made usingy a 0.5m’?

quadfat at 8m intervals along the transect. The percent ground cover was measured for alfalfa,

smooth bromegrass, other herbage and’baré ground. ‘

Results: A summary of the study revealed there to be no significant difference ,

>

(Mann-Whitney U-test at 0.05 level of probability?) b_etween the two line transects.

Percentage ground cover of classes recorded

Class Transect 1 . ' Transect 2

. | ————— % ground cover
' Alfalfa 15 ‘ 13
\ Bromegrass . _ 68 66
N Other herbage 3 « 4

Bare ground _ 14 C 17

’

VT
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t 8.5 Appendix 5 4Harvest dates and defoliation regimes"tv_of trial & in 1984 # 1985,
' ., Defoliation fegime ,
harvest B - \i - -
date} . £ 1cut/yr s 2 cuts/yr 4 cuts/yr
May 30 ) | 4 ' X
June27 ' A X X
. 4
* 4 July 24 X
Aug. 22 . ‘ S x X
. - ‘ \,\ /‘
$The same harvest date and defoliation regime were applied to the three ditrogen trdgtments.
$Cutting dates varied 1-3 days rorg;k984 and1985.
s ¥ a' é 4 ' »
G ] A - {
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8.6 Appendix 6 Acid-pepsin dry‘mavtter‘disappeardnce‘ procedure. . v , ’\
ST SRR T
‘ : ' The followmg chemtcal procedure was used to determme the dtgesttbtlrty mdtcator 3
L ' - r
‘4 - ugl pepsmdry matter dlsappearance (APDMD) for all herbage matena-l assayed

"1 Sa‘mples were umformly ground (on a thley mxll lmm screen thoughly mixed and

reground on a Udy cyclone mill, lmm s¢ een) and dned forced draft ov&n at

0 C for 48 hours .

.

. E .g-,, 2 A O 5 grarfl subsample of each sample was pl ced ina 125ml Erlenmyer flask to whlch
. ‘ _was’ added 50ml of the acid-pepsin solutiong This 1 xture ‘was agjtated at' room
- temperature ona horrzontal( shaker for 20 minute e{nsure thorough wettmg of ~

-~ the forage " L . '

3 When shakmg was completed n addmonal 25ml of the enzvme soluuon was run over. T
 she inside wall§ of the flask to wash-all the herbage to the bottorn of the flask and S
_ 0 provrde the recommended volume. : A S : L
’4 The Erlenmyer flask was then mcubated at 39+1 C for 24 hQUI‘S w1thout agltatron
- ‘a - )

n . ‘The acxd pepsm solutlon Wa{ p.repared Just before use by dllutmg 6. 1ml cone. HCl to l

T s s litre with ‘distilled water, warming to 40°C, adding 2g pepsin powder (1:10,000 -~

. from Flsher Scientific, P -53) and stirring until completely drssolved Several drops o

of .iso- amyl alcohol wasadﬁed ’ . , ,

v

N

H -
N

GeFolded filter papers (11cm_’
- draft ovenin uncover'

va.‘

£ [man #1) were dned overnight at 100'C in,a f orced -
:alummxum wetgh”lng pans. Filter papers and a ummxum :
welghmg pans Were wetghed af ter coolmg ina desrccator R '
7 The Erlenmyer flasks were removed from the mcubator and samples were flltered
’ xmmedtately The: flasks were washed with 25ml of hot drstrlled water; an
addmonal 25ml was used.to wash the fi 1lter paper. o
. / 8 e .
8 The f 1lter papers plus resrdue were* drled at 100 C for 24 hours in their respectlve
: alumrmum wetghmg pan then placed ina desrgcator to cool bef ore. wetgﬁmg

oo The percent APDMD was calculated as follows S b R TR L S
- APDMD— 100 dried sample (resrdue of mcubated samﬁle+resrdue bla'nk)/ dried sample .~ °

v

v



¢

8.7 Abpéndix 7 A“diagram of the optical properties used in the 'I‘echﬁic_én 500 and 300 model B
* NIR mstrumg& o v | |

(Adapted from Operanon manual f orthe T cchmcon Inf raAl) zer 500 chhmcal

pubhcnnon number TA8 2512 000 Techmcon Indusmal Systems )
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