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· ABSTRACT 

Rongjing Xie Renewable 
Resources 

Fresh (FC). and composted cow (CC) manures, hog manure (HM) and uree 

(U) were applied as N sources for corn (W 844) production on a ChIcot 

sol1 (sandy clay Ioem) and a St Benoit 5011 (sandy loem) at Tates of 60 

ta 240 kg N/ha. 

More 901.1 water was conserved by CC and FC manures then by HM. Soil 

organlc matter and bulk density were not affected by manures over the 

three years of the experiment. Sail N03-N levels were sign1.flcantly 

increased by N additions. An applicatlon of 240 kg manure-N/ha produced 

less N03-N in the soiis that one of 180 kg urea-N/h~. 

Significant correlations existed between corn dry-matter yields 

and N or P contents of corn ear leaves at sllking. Dry-matter yields and 

N uptake w~re higher wi th HM than wi th CC or Fe menures. Differences 

between surface spreading or incorporat ing of manure on corn dry-mat ter 

yields were not s1.gnifcant. Cumulative effects of the treatments on 

yields were higher on the sandy loam soil than on the sandy clay loem 

sail,. 
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RESUME / 
Rongjing Xie Ressources 

renouvelables 

Du fumier de bovins frais (Fe) et composté (CC), du fumier de porcs 

(HM) et de l'urée (U) furent appliqués comme sources d'azote pour la 

production de mals (W844). Ces produits ont été appliqués à des taux de 

60 à 240 kg N/ha sur un loam sabla-argileux Chicot et sur un loam 

sableux st Benolt. 

-, 
L'humidité du sol était supérieure avec l'application du fumier 

composté qu'avec le fumier ~rais de bovins et le fumier de porcs. A 
\ 

court terme, la matière organique du sol et la densité apparente n'ont 

pas été affectées par les applications de fumier. Le contenu en nitrates 

(N03-N) du s~l a été signifièativement augmenté par une augmentation des 

doses d'azote. Une dose de 240 kg N/ha venant du fumier de porc n'a pas 

augmenté le contenu en nitrate-du sol autant que 180 kg N/ha venant de 
/ 

l'urée. 

. 
Des corrélations significatives gnt été obtenues entre le rendement 

en matière sèche du mais et la concentration en N et P dans les f~uilles 

au niveau de l'épi. L~ rendement en matière sèche et les prélèvements en 

azote étaient supérieurs avec le fumier de porcs qu'avec le fumier' de 

bovins frais ou composté. Les rendements en matière sèche du ·mais 

n'étaient pas très différent~, que le fumier fut appliqué en surface ou 
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incorporé dans le sol. Lee effets cumulat i fs des di fférents traitements 

étaient supérieurs dans le cas du loam sableux que dans celul du loam 

sablo-argileux . 
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FORBWORD 

This thesis con tains an overal1 introduction, three chapters, and 
, 

ends with general conclusions. Chapter 1 is a review of literature. 

Chapter 2 discusses effects of manures or uree on 8011 properties and 

Chapter 3 presents effects of manures or urea on corn productIon. 
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Introduction 

Org~ic wastes have been used as 5011 amendments aqd sources of 

plant nutrients for Many centuries. Research on use of barnyard manure 

to improve soil productivity decreased ~fter World War II, when ,N 

fertilizers became abundant and inexpensive. In recent xe ars , larg~ 

amounts of manure have been produced by animal production un1ts concen-

trated in feedlots and large poultry operations. Problems in dlsposlng 

of this manur~ ~led with 1ncreased f~rtilizer costs have renewed 

inter.est in using organlc wastes as nutrient sources for crop 

production. 

There are numerous varieties of animal manures. Dlfferent manures 

have different compositions (Gilberstson et al. 1974; Peng ana Pel 

1979). Fresh Menures contain various substances which could be toxic, 

such as ammonia, sulfides, soluble salts, and harmful organlsms (Hong et 

al. 1982; Lund and Nissen 1983). For thlS reason, it may be necessary to 

aerate manures to remove toxic substances before putting manures to use. 

---L-----When apphed to so1.18, variation in composition of manure can exert 

different effects on soil propertie~, and subsequently, nutrient uptake 

and crop growth can be affected. , 

Inorganic N fertilizers have been reported to increase soil acidity" 

(Jaakkola 1978; Barnard and Folscher 1980) when applied alone in lQng-

term monoculture without ameliorating management practices being 

adopted. Compared with inorganic fertilizers. manure can not only supply 

plants with necessary nutrients, but also improve soil physical 
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properties, such as soil water retent10n capacity (Tiarks et al. 1974; 

Meek et al. 1982). 

One of the prob1ems with manure1use is that manure can be a source 

of contaminants, such as NÛ3 -N, which can reach ground water or 

waterways by runoff or leaching (Young and Mutchler 1976; Bashkin and 

Kudeyarov 1983). 

Thus it is hypathesized that various manures, compared with urea, 

may have different effects on soil physical parameters, such as water 

retention capacity and bu1k density, and on chem1cal propert1es, such as 

N}k- and N(h-N levels and on organic matter contents. These sbil 

properties, in turn, may influence crop yields. 

" 

Work has been done on the management of animal manures (Calvert 
q 

1979; Vanderholm 1979) and their influences on sail ~topert1es and crop 

growt~ in recent years (Evans et al. 1977; Higgins 1984). In Quebec,' 
, 

however, work on animal manures as soil amendments and crop nutrient 

.J sources has been inadequate ta assess appropriate manure management 

practices. Therefore, the purposes of this project were ta study: 

1. The effect of man ures on sail moisture content, organic-matter 
content and bu1k density. 

2. 

3. 

4. 

-~ ."" r 
(Â , 

NH4- and NÛ3-N contente in soil profiles resulting from d1fferent 
application methods of menure-Ne 

Corn silage yield response, ta dif~erent kinds of man ure and urea­
N treatments .. 

Cumulative effects of different kinds of'mantite and urea-N on 
corn yields and nutrient uptake by corn. 
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Chapter l 

Literature Review 

1.1, Manure as a nutrient source 

In Quebec, the total Ilvestock and poultry pqpul~tio~ was over 28 

mlillon ln 1982, and in Canada, 116 million, accordlng to Agriculture 

Canada (1983) (Table 1.1). 

The estimated manure production ln Quebec was 26 million tonnes, and 

ln Canada 135 million tonnes annua11y. These quantlties of manures 

contain approximately 129 and 710 thousand tonnes of N (Tables 1.2 and 

1.3). In addition, it is.estimated by the author, based on the average 

manure nutrlent contents of different sources (Mathers et al. 1973; 

Gllbertson et' al. 1974; Peng and Pei 1979), that manures also contain 

about 75, 150 and 23 thousand tonnes of P, K, and Ca, expressed as 

P20S, K20, and CaO-in Quebec, and 443, 887, and 133 thousand tonnes in 

Canada, respectively. 

Besides plant nutrients, manures are sdUrces of organic materials. 

Generally manures contain about 60% organic matter and'17.5% moisture as 

has been reported by Meek et al. (1982). Thus, it is estimated by the 

author, that in Quebec at least .10 million tonnes, and in Canada 80 

million tonnes, of organic materials are excreted by animaIs annually, 

and are available for land application., 

3 
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Table 1.1 Numbers of livestock and poultry on farms 
at July l, 1978 and 1982 in Quebec and 
Can~a (thousands) 

j 

----- Quebec ----- ----- Canada ------
Kind of 

animal 

D . ~ alry cow 

1982 

695 
Heifer, beef cow 490 
Steer or bull 98 
Calf 365 
Sow 320 " 
Wean~r «20 kg) 1,145 
Hog (20-90 kg) 1,860 
Hen 3,858 
Pullet 17,139 
Turkey 1,942 
Lamb , 120 

Total 28,032 

1978 

729 
452 
89 

275 
"257 
746 

1,337 
3,810 
14~556 
2,340 

58 

24,649 

------=--------------------

1982 1978 

1,765 1,863 
5,623 5,784 
1,874 2,123 
3,790 3,583 
1,047 835 
3,279 2,459 
5,475 4,080 

24,'096 23,377 
59,601, 36,363 

8,718 11,049 
817 587 

116,083 92,102 

------------
Source : Agriculture Canada, Selected agricultural 

statistics Canada and the PrOVInces. 1983. 

, 
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Table 1. 2 

Kind of 
animal 

Dairy cow 

Fresh manure production and manure 
total nitrogen content estimated for 
various types of livestock 'used to 
calculate total manure and nitrogen 
production 

Manure production Nitrogen content 

----- tjyr ----~ ---- kg/t -----

16.6 3.8' 
Heifer, beef cow 10.3 5.4 
Steer or bull 7.7 5.4 
Calf 3.4" 5.4 
Sow 4.1 6.3 
Weaner «20 kg) 0.6 6.3 
Hog (20-90 kg) 1.9 6.3 
Hen 0.05 10.4 
Turkey 0.09 10.4 
Pu1Iet 0.03 10.4 
Lamb 0.5 7.1 

-------------------~---------..:._--------------------" 

Adopted from Cul1ey and Barnett (1984). 
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Ta.ble 1. 3 
{> 

Estlmated total manure productIon and 
nitroffen contained in manures in 1982 

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

Kind of 
animal 

Dairy cow 
Heifer, beef cow 
Steer or bull 
Calf 
Saw 
Weaner «20 kg) 
Rag (20-90 kg) 
Hen 
Pullet 
Turkey 
Lamb 

Total 

Manure p~odyction 

Ouebec Canada 

-- million tonnes --

11. 5 29.3 
5.0 57.9 
0.8 14.4 
1.2 12.9 
1.3 4.3 
0.7 2.0 
3.5 10.4 
0.2 1.2 
0.5 1.8 
0.2 0.8 
0.1 0.4 

26.0 135.0 

6 
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Nltrogen content 

Ouebec Canada 

-- thousand tonnes --

44 III 
'27 313 

4 78 
7 70 
8 27 
4 12 

22 66 
'") 13 .. 
5 19 
2 8 
:1 3 

129 710 

r" >:;~ - 1'-" ::' 
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1.2 Effects of manure on soil properties 
and plant nutrition 

1.2.1 Soil properties 

After being incorporated into soil, manure has an effect on sOlI 

properties due ta the varioua components it èontains. 

A comprehensive review of the literature by Khaleel et al. (1981) 

indlcated that ln general, soil organic matter has been Increased by 

manure applications in a variety of conditions or cllmates. Without 

manure, large amounts of N, P, and K failed ta prevent a diminutlon in 

soil arganic matter under continuous corn (Ja{yebo and Bouldln 1967). 

Increased sail arganic matter levels with added manures led ta 

significant Improvement af soil structure and decreased 5011 bulk 

density in Nebraska (Tiarks et al. 1974), in Texas (Unger and Stewart 

1974) and reduced sail erosion in Uttar Pradesh, Indla (Chandra and De 

1982) although runoff water quality after manure ap1ication was not 

improved in Texas, according to Mathers et al.' (1977). 

Increased soi1 moisture has been observed due ta reduced sail 

surface and subsurface temperatures and decreased evaporation fallowlng 

the application of manures (Unger and Stewart 1974; Hornick 1982), and 

has- resulted in more water intake by'crops during the growing season 

(Meek et al. 1982). 

Increased yie1ds with manure applications were attributed ta 

enhanced response of crop to nutrients or sail nutrition statua (Cape 

7 
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et al. 1958; Carlson et al. 1961; Herron and Erhart 1965; Dubetz et al . . -
1975; Evans et al. 1977; Mathers and Stewart 1981; EI-Attar et al. 

1982), and in some cases, the decreased evaporation of water from sail 

due ta manure applIcation was the maIn cause of the substantially 

increased yields (Hall and Coker 1982; and Gupta et al. 1983). 

Application of manures was observed ta be effectIve ln increaslng 

sail microbial activities (Karpava and Petrova 1966) and crop nutrlent 

levels (BIShop et al. 1962; Olsen et al. 1970; Swarup 19H2). Accordlng 

to Swarup (1982), worklng wlth a calcareous, sandy loam 5011 at Karnel. 

India, additions of farmyard manure markedly increased levels of 

extractable Fe. and Mn from a submerged sadIe sOlI ln comparison wlth the 
1 

control and were more effectIve in reducing the decrease of avallable P 

than other treatments employed during the growth perlod of rlce crops. 

Manure tended to Increase soil pH and the contents of organic N, 

available P and exchangeable K, Ca and Mg, partlcularly at the higher 

applIcation rates (Olsen et al. \ 1970). From Nova Scoha lt was reported 

that applica~ion of maoure at 70 t/ha ta a clay loem 5011 every thlrd 

year almost maintained initial levels of total 5011 N (Bishop et al. 

1962) . 

1.2.2 Crop production and plant nutrition 

Menure has direct and indirect effects on crop yield. Direct 

effects depend on the amount of, nutrients it contains, and manure cao 

substitute for mineraI fertilizers in this aspect. An indIrect effect of 

manure, as detailed earlier, is ta improve the physical properties of 

8 



the soil, to Intenslfy mlcroblolog1cal and enzymatlc 5011 actlvltles, 

and 'ta enrich the alr above the saIl wlth carbon dloxlde (Karpova and 

Petrova 1966; Tiarks et al. 1974; Mazurak et al. 1977). Thus manure May 

increase crop Ylelds more than expected on the baSlS of manure nutrlent 

, contents. 

Many authors have noted increased crop Ylelds wlth manures over 

control or lnorganic fertillzers (Cope et al. 1958; Bishop et al. 1964: 

Black and WhIte 1973; Dubetz et al. 1975; Kiver and Kiver 1976; Cheng 

1982; Higgins 1984; Stomberg et al. 1984). Comparlson among dlfferent 

manures and between m~ures and Inorganlc fertllzers Indicated that 

liqUld manure (liquid hog manure and liqUld beef manure) resulted ln 

slightly higher yields bf corn than solid beef manure (Evans et al. 

1977). According to Evans et al. (1977), worklng wlth a sllt loam 5011 

in MiJlnesota, yields associated wi th manures were higher than thos'e Wl th 
• I/''" 

inorganic ferti~i~ir: but 

Qu~bec f ~nc~~,~~~ J yields 

MacKenzie 19,78) . Differ'ent 

in a short term experiment conducted ln 

with manure were not eVldent (MIller and 

climatic condItions and dlfferent sOlls 

involved ln these experiments could account for the varIable effects on 

crop yields. 

Cumulative benefits of manure and N ferti1izer May become apparent 

during the second application and increase with advancing years (Bishop 

~t al. 1964; Dubetz et al. 1975). The residual effect of manures 1asted 

6-8 years depending on loading rate, variety of crops and c1Imatic 

conditions (Cope et al. 1958; Kiver and Kiver 1976). 

Menure must also have an influence on nutrient uptake by crops 

9 
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slnce lt can lmprove soil fertlllty and ralse Ylelds of crops. A few 

, examples lilustrate a general trend. 

Accordlng t~ Cheng (1982) ln Quebec, the content of N, P, K, Ca, 

Mg, Cu, Fe, Mn and Zn ln raspberry leaves from plots manured at 70 

tonnes/ha w~re hlgher than those from plots manured at 35 tonnes/ha. 

From Indla, It was reported that wlth the appllcatlon of 15 tonnes/ha 

farmyard manure to a wheat crop grown on an Arldlsol 5011 with a sandy 

loam texture, graIn yield Inereased from 1.40 ta 1.92 tonnes/ha and Zn 

uptake Increased from 48 ta 79.9 g/ha (Srlvastava and Sethl 1981). 

Studies ln Iowa Indicated that manure addltlon ta SUbSOll resulted ln 

substantlally hlgher P uptake by malze, and K concentratlon ln roots and 

shoots was conslstently hlgh and not as limitlng as N and P accorrllng ta 

Aina and Egolum (1980) from Iowa. Worlnng w.ith corn grown on a subsoll, 

Carlson et al. (1961) from North Dakota indlcated that manure increased 

the ablhty of the plant to absorb P. Data obtawed ln Nova Seoha by 
\ 

BIShop et al. (1964) showed that N content of corn leaves was higher at 

the rate of 50 t~nnes manure per hectare than that at the rate of 25 

tonnes per hectare. In Ontarlo, Culleyet al. (1981), working wlth sandy 

clay loam, obtained the same results as Bishop et al. (1964), but their 

work further pOlnted out that uptake of nutnents was not affected by 

time of application. Similarly, P, Ca and Mg contents of sweet-corn 

grain were about the same on control and waste-amended plots, although N 

contents of the grain on waste-amended plots were signlficantly hlgher 

than those on control plots (Hornick 1982). No signifleant change ln 
, . 

uptake of trace elements was observed in the grain as a result of the 
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amendments. As reported by Reddy et al. (1982~ manut'e had no effect on 

Fe concentration and uptake by rice or wheat in ~ny of the 5011 types-

researched in India. 

1.3 Relative value of manure as ferti1izer 

Manure has numerous benefi ts for soUs and 'crops. However, in MoSt 

cases, it is thought of ,as,a N source because N content IS hlgher th~ 

other mIneraI nutrlents (Heck 1931; Herron and Erhart 1965; Follett et 

al. 1981). 

Research in Quebec has shown that 4 kg manure-N was approximately 
1 

equivalent to 1 kg ammonium nitrate-N "for corn productIon (Miller and 

MaèKenzie 1978). As reported by Herron and Erhart (1965), each tonne of 

high quality manure was equivalent to 10 kg of N from ammonIum nitrate 

as measured by equivalent grain sorghum Ylelds over a 4 year period. 

Cope et al. (1958) pointed out that each 5 tonne application of manure 
, 

was equIvalent to 26 kg of commercIal N for corn, and 28 kg for cotton. 

According to Beauchamp (1983), with respect to corn grain Yleld and 

soil N03-N concentration, the availability of liquid cattle manure N 

(LCM) was appoximate1y one-half that of urea or anhydrous ammonla N. 

Comparison betwe,en application methods (surface vs. injectIon) showed 

injection of LCM resulted in LCM N being about 60% as available as 

inorganic fertilizer N, whlle L~ application to soil surface resulted 

in LeM N belng approximately,one-third as available as anhydrous ammonia 

N. 
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1.4 Efficiency of JII8Ilure use 1 

Loss of ammonia and soluble N from manure can reduce the 

èffechveness of manure as a source of N. 

Work conducted in Ontario (Beauchamp et al. 1982; Beauchamp J983) 

showed that one-half of the total N in:lIlanure was made of ammonlacal N, 

which may be subject to potent ial volat i lization. Over penods of 6 or 7 

days followillg manure surface application, between 24 and 33% of the 

ammoniacal N applied in liquid dairy cattle manure was lost by volahli-

zation (Beauchamp et al. 1982). Similarly, Lauer et al. (1976) reported 

that from 17 to 316 kg N/ha can volatilize dependlng on the applicaÜpn 

rate and total ammoniacal N content of the manure: Between 10 and 75% of 

'the ammoniacal-N may be lost from applied manure lf 1. t is not 

incorporated into the soil within a week or so follow"ing application 

(Beauchamp et al, 1978). 

Besides ammoniacal N volatilization, soluble N contained in manure 

can be lost. by runoff or leachiog (Young and Mutcher 1976; Evans et al, 
, 

1977) • 

To reduce losses of N ~ontained in manure, incorporat ing animal 
, 

wastes ioto soil has been shown to be effective. In Minnesota, up to 

20% of the N and 16%, of the ortho-P in manure was carried away in spr:i1l 

runoff whi le no more than 3% of the N and 4% of the ortho-P were lost 

from manured fall-plowed plots (Young and Mutch1er, 1976), 

12 . \ 
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1.5 MBDure as a source of N03-N contaaiDation 

Ground water' NÛ3-N content may be increased by manure application 

to the "soil (Bàshkin and Kudeyarov 1983). As' noted by' Evans et al. 

(1977), working on a si~ loem soil et Morris, Minnesota, NCb-N levels 

in soil tl"'eated' with liquid beef Menure were ~generally greeter than. 

those treated wlth Ùquid hog m~ure or 'soUd beef Menure. Soil treated 

with manures had higher NÛ3-N levels than soil treated w1th ammonium 

nitrate. In Quebec (Miller and MacKenzie 1978), the total extractable 

N1M- and NÛ3-N in soil profiles was higher with ammonium nitrate and 

urea than with solid beef manure and liquid hbg manur~ soon~after their 

application. Slightly higher NB4- and N03-N cpntents were found with 

solid beef manure later in the growing season. According to Phinips et 
.~) 

al. (198r), however. pollution 'potentiel of manure was the seme as that 

of chemical fertilizer. 

The time of application of Menure affected the NÛ3-N content of 
. 

the soil in Pennsylvania (Marrlott et al. 1977), and of runoff water in 
~ 

Ontario (Phillips et al. 1981). Fall- (Marriott et al. 1977) and winter-

(Phillips etaI. 1981) applied Qanure' resulted in hi~her soil or runoff 

water N03-N levels than spring-applied manure throughout Most of the 

period. Therefore, spring application was "s~fe" as regards potential 

NÛ3-N pollution. 

1.6 Su.ary ~. 
• 

Animal manure can be a source of crop nutrients. cao improve soil 

<:> 
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physically, and.can act as a source of N03-N, a potential contaminant 

to our envirou.ent. 

Application of manures to agricult~ral land is a commmon manure 

.anagement practice. Soil physical properties, such as water holding 

~ capacity; bulk density, and chemicaL properties, such as organic-matter 

content and levels of çrop nutrients, have been improved by 

incorporating manures into soils. In retu\p, the enhancement of soil 

properties leads to increases in crop product~on. Desplte these studies, 

precise crop-manure response results are lacklng. This lS due to 

proble~ of predicting the value of manures in relation to their 

properties. 'storage and handling influence ~ forms and quant~ties, as 

weIl as C/N ratlos, and subsequent release of N of manure. In addition, 

soil properties May be changed in relation to k~nd of Menures. Thus it 

seemed appropriate t~ study the followlng problems to propose the 

hypothesis that changes in handling procedure and methods of application 
f 

would'influence manure value for crop production, speclfically: 

1. Surface applied manures would act as mulches, lncreas~ng soil 
moisture content and increasing crop yield. 

\ 2. Composting manure would convert N to more resistant and non­
available forms, thus, reduce N losses due to ammonia-N volati­
lization. When applied to soil, composted manure could result in 

> ' less NÜ3~N, compared~ith fresh manure. 

3. oLosses of ammonia-n would be more pronounced 
tions ~d lead to low soil N(b-N level, 
incorporation of manure • . 

on surface applica­
as compared with 

4. Liquid hog mBDure should have more available N due ta the higher 
NŒk-N content found in this manure, compared with solid manure. 

<. 
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5. Due to changes in soil physlcal properties abd due to nutrient 
content of manures, uptakes of nutrients,other than N would be 
greater from s011 amended with manures than from soil with 
inorganic fertilizer. 

6. The effects of manure would be cumulative, whereas Inorganic N, 
effects wouid not be~UI.tive. 

-, 
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Chepter 2 ., 

Effect of l18.Dures and urea on soil bulk density, a.onium­
and nitrate-N, and 'organic matter content 

""\ 

2.1 INTRODUCTION 

, 
Applicatlon . of animal manures to agricu.J. tural land has been 

reported ta result in higher levels of mineraI N in the 5011 ~rofile and 

improvement of sail properties. 

Comparlsons made among ammonium nitrate, solid beef manure, liqUld 
r 

beef manu~e, and liquid hog manure have indicated that soil N03-N levels 

from liquid beef manure were higher than those from liquid hog manure 

(Evans et al. 1977). SOlld beef manure had the lowest soil N03-N levels, 

but' aIl manure treatments result~d in higher N03-N levels than ammonium 
. 

nitrate. The effects of ammonium nitrate, S-coated urea, °liqUld hog 

manure, hog manure plus straw and solid cow manure on total extractable \ 

NILa- and N03-N to a depth of 1 m of sail were studied by Miller. and 

MacKenzie (1978)~ 
1 

.. l~ 

They found cow Menure and S-coated ure a were 

potentially more serious as N03-N pollution hazards than ammonium 

nitrate and liquid hog manure, assuming mineraI N in the sail profile as 

the 

zone 

source of ground water pollution. Leaching of N03-N below the r~t 

of~orn grown oq .menured soil was recorded by Evans, et al. (1977~. 
Cooper et al. (1984} determined the distribution of NlI4-, N03-" NÛ2- and 
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ra t t J f' anr! puu l t ry manures l'll th 't he r..l t ,~'" f rom ~:..: t 0 L~ l t '!DIlI'':' !l,l. ~Il"', 

found, the recoverv of applled ~ ln the upper ti m of the sOlI proflle 

generally decreased Wl th the lncreas~d manure ~ apphcal Inn, dl th()u/(h 

tne quanh ty of N present lTIcreased Wl th lncreased N a.ppl1cahon. Thp 

prlmary lnor~anlc N component ln thé sOl.l rrofll'Ô' was :J'O: .~ ~nd the -::onc 

of ma:nmum accumulat ion l't'as between 2 and 2. -5 m. QUlsenherTY pt,"J1 
\ ' 

(1981) suggested that lf N losses by l~~~hlng are to 'be lTIlnlmIZF'cl',' .'J 

addttlons of daJ.ry h'astewater to a sandv textured 5011 must be based on 

the sarne cr1. terl.a as t hat used to det ':>t'mine 'i ,wp II ('clt l ('1"., ,f nliller-tl 

fert i 11zers. 

Soll water holdIng c~pacl.ty was slgmflcantly l!1(Teasf'd élnd ':,.)1L 

bulk denslty \"as decreased bv Incorpl)ratlon of rilgpstpd or un'ug'?'3 1 '~'. 

sludges in the soll ~n the Netherlands (Hall and Coker 1 (J8:2), 1)\ ff'(~rll(,j 

waste ln Te:... as (Unger and Stewart 1974, and bv farm\'ard mantit',· 

1983). The uSf>-efflClenC\" of 5011 mOlsture reser\'es Iv:lS Incre3S'Vl ! " 

manure apphcntlons ln Alberta (Hoyt and Rlee 1977). These ln('[(::"J.s,'g 

were considered to be due to lncreased sod organlc mat ter rontenr: <:Incl 

lffiproved physical conditIon of the SOlI. ApplIcat~on of feed10t manure 

lncreased ,.s.oIl organic matter content and hydraulic conductIVltv 

Bushland, Texas (Mathers and Stewart 1981). 
~ 

SOlI organlc matter 

aggregation increased and evaporatlon decreased as feedlot waste 

appllcat Ion rates Increased (Unger and Stewart .. 1974) . For plols tIller! 

10 cm deep, the man ure appllcatlons of 360 tonnes/ha lncreased the 5011 

organl.c carbon' content from 2~ to 5% after 2 years and bulk rl~nslty 
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decreased from 1.05 g cm- 3 ta 0.90 g cm- 3 in Nebraska (Tiarks et al. 

1974). Howe~er, the most efficient manure rate was 22 tonne~/ha 

incorporated into the sail immediately after spreading for crop 

production. Higher manure rates mo~e effectively improved soil physical 

properties but large NIasses reduced the fertili~er efficiency of high 

manure rates (Mathers and Stewart 1981) and elsewhere resulted in risks 

of NÛ3 -N poisoning and base-imbalance in the sail (1):0 
1984). However, the effects of manure on sail properti~ 

l~ 
increased depth o~ tillage (Tiarks et al. 1974) due 

effect. 

and Miyazawa 

decreased with 

ta a dilution 

Although considerable work has been done on effects of manure 
, 

applications to soil, comparison of effects of different k1nds of 

manures on sail physical and chemical properties are lim1ted. This 

study was an att~pt ta de termine : 

1. 

2. 

Soil moisture conservation, bulk density and organic matter 
content influenced by additions of cow and pig manures and by 
urea. 

SoH ?ffl4- and N(h-N 
• N sources. 

contents as affected by manuies and urea 
1 

2.2 MATlmIALS AND METROnS 

2.2.1 Field methods 

2.2.1.1 SoUs 

Two soils, a St Benoit and a Chicot, described by Lajoie (1960), were' 
'0) '. 
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'Se 1 ed eri on th'<):U tes < Tab le :2. l 

s~tes were under the same general cllmate condltlons and- the, dIst.ance 

bebil~en thern l'Vas l km. 

2.2.1. 2 Manures 

Three lnnds of rnanures were used', varYlng ln Chf'rnl Cül comT'OS 1 t 1<)n 

1 Table Fresh cow rnanure (Fe) was collected fr'orn the \1acdon,üd 

Co llpge forrn. Composted COI'V manure (CC) was prppared by w'r8.t lnl; tt''';'''ih 

cow manure for two months before , app hcat lOD • Compostwg 

accomphshed by plllng fresh COlv rnanure and turmnlI l t nvpr f)'.ery other 

day. Hog manure (HM) in llquld state was collected ln a retalnlng tank 

from the hog faCllitles on the Macdonald College 

Immedlately. 

2.2.1.3 Field experimental procedure 

f' _::l.rm" :md 

Research was Imtiated in 1982 and cont1nued ln 198:3 and HJ84., Onlv 

the experlmental data c011ected ln 1983 and 1984 are included ln thlS 

di<:rUS$lon. 

Twelve treatments were appl~ed for each of the 3 years (Tab l", 2.:3 1 • 

Each of the manures was applied at two levels, level l was 120 kg N:ha. 

and level 2 was 240 kg N/ha. The manure N rate of 210 k/1 N/ha of FC or 

HM was applied elther on the surface (FC2S. HM2S) or lncorpora t""d ln t c) 

the sol1s (FC2, HM2). Urea (U) nt rates of 60 Oevel 1),120 (level 2), 
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Table 2.1 Characteristics of the experimental soils 

----------- Soil series ----------
Parameter 

Chicot St Benoit 

---------------------\--------------------------------------
Parent ma'terial \ Loamy s~d over Sand over 

calcareous till calcareous till 

clay 21 13 
Particle size 

range Ct) silt 25 18 

sand 54 69 

Texture Sandy clay Sandy 19em 
loem 

pH (soi1:water=l: 2) 7.0 5.3 

Organic carbon (,.) 2.33 2.34 

Total-N (,.) 0.23 0.19 

CIN 10 12 

Bray-2-P (kg P/ha) 286 176 

Extractable K (kg K/ha) 198 110 

Extractable Ca (kg Ca/ha) 2860 2283 

Extractable Mg (kg Mg/ha) 633 290 
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Table 2.2 The properties of the manures used ln the study' 
in 1984 

-------------- Manure -----------
Parameter 

Dry matter (%)+ 21.4 17.4 5.1 

Organic mat ter (%)* 81.1 85.9 67.1 

Organic carbon (%)* 46.7 50.9 52.8 

Total-P (%)* 1.13 1. 06 2.32 

K (%)'i< 3.33 2.71 3.59 

Ca (%)* 3.53 2.24 2.79 

Mg (%)* 0.62 0.51 0.44 

Ammonium-N (%)* 1.10 1.53 1.15 

Total-N (%):r 2.2 2.0 2.50 

GIN 21 25 ~1 

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

+ on wet weight basis. 
* based on dry matter . 
1) composted cow manure . 
2) fresh cow manure • 
3) hog manure in liquid state 
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Table 2.3 N application as related ta treatments 

--_. ---------------------------

Treatment 

Ctr1 
Cel 
CC2 
FCI' 
FC2 
HM1 
HM2 

Ul 
U2 
U3 

FC2S 
HM2S 

* 1) 
2) 

. 3) 
4) 

CCl FC2 U4 

( 

------------- Kg N/Ha -----------------------

0 0 0 0 
120 0 0 0 
240 0 0 0 

0 120 0 0 
0 240 0 0 
0 0 120 0 
0 0 240 0 
0 0 0 60 
0 0 0 120 
0 0 0 180 
0 240* 0 0 
0 0 240* 0 

-----------------------
Surface application. 
Composted cow manure. 
Fresh cow manure . 
L1quid hog manure. 
Urea. 

\ 
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and 180 (level 3) kg N/ha was applied for comparlson with manures. A 

control treatment waS included. Bssed on soil test values, in each of 

the 3 years, the Chicot soil was fertilized with 75 kg P20s/ha as triple 

superphosphate, and 110 kg K20/ha applied as muriate of potash, the St 

Benoit soil with 145 kg P20s/ha and 180 kg K20/ha. The field treatments 

were arranged in a randomized complete block design with four 

replications, using a treatment plot size of 3.0 X 5.0 m. Manures and 

urea were disked into the soi1s once they were applied, prior to sowing. 

For surface application treatments, manures were not disked. 

.~ 

Corn (W ~ L.) Ç1 W844 was sown June 16, 1983, and May 28, 1984. 

Plant populations were controlled at 60,000 plants/ha in 1983, and 

80,000 plants/ha in 1984, and harvested for silage on Sept~mber 26 and 

September 28 in 1983 and 1984 respectively. 

2.2.1.4 Soil saapling methods 

Soils were sampled once a month after seeding in 1983 at three 

depths, 0-20, 20-40, and 40-60 cm, for the St Benoit soil, and at two 

depths, 0-20, and 20-40 cm, for the Chicot soil during the growing 

sesson, and in 1984, at four depths, 0-10, 10-20, 20-40, and 40-60 cm, 

for the St Benoit soil and at three dept~, 0-10, 10-20, and 20-40 cm, 

for the Chicot soil. Sail samples were taken with an auger, placed in 

cana, covered, and taken ta the laboratory for determination of' 

gravimetric moisture content, NH4-N and N03-N. 

Prior to application of manures and urea in 1984, soil samples were 
i'\ 

taken for the measurement~ of' 1983 treatment residual effects on NÛ3-N 
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and NlI4 -N contents. 

Sail bu1k density 
, 

was JDeasured in August, 1984 by taking 'an 

undisturbed core sample using an aluminum cylinder, 8.5 cm in diameter 

and 7.8 cm in height. The top 5 cm soil was removed and the cylinder was 

hammered into the sail, éxternal sail removed, and the sail 'in the 

cylinder carefully removed for moisture content determination at 105°C. 

A subsample was taken when the soil was dried for the measuremen't of 

sail or~anic matter content. 

2.2.2 Laboratory aethods 

From the auger sail samp1es of each depth, a lOO-g subsamp1e of 
,,' 
\ 

( '. sail was transported ta the laboratory. A further subsample of 10-15 g 

fresh sail was shaken with 100 mL lM KCl for one hour, filtered' and 

.. analyzed for NH4-N and N03-N according to the procedure suggested by 
. 

O'Brien and Fiore (1962) and Kamphake et al. (1967), ,respectively. The 

rest of the sail was dried at l050e for gravimetric moisture 

measurements. 

Total soil N content was measured by using the semi-micro Kjeldahl 

aethod described by Bremner (1965). Sail pH was determined in al: 2 

sail - water ratio using a glass-calomel electrode (Peech 1965). Organic 

carbon was analyzed by employing the Walkley-Black procedure detailed by 

, Allison (1965). Available P was determined by the Bray-2 method (Bray 
< 

and Kurtz 1945). Exchangeable K, Ca and Mg were extracted with lM 

NlWOAc, and K was determ'ined by flame photometer, Ca and Mg by atomic 

( 
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absorption Cijunter 1974). Sotl texture was determined baséd on the 

procedure descnbed by Bouyoucos (1951). 

The NH4-N content o-f"wet (:Fresh) manures was ~;'ined in an lM 

Kel extraction. The semi-micro Kje1dahl method (Bremner 1965) was used 

to determine total-N content of fresh manure samples (CC,' FC and HM). 

Manure samp1es were dried ln the oven at 105pC. Organic C was 

~alyzep by the method of Allison (1965). For the determination of P, K, 

Ca and Mg, the wet digestion method outlined by Thomas et al. (1967) was 

used. ij, was determined colonmetri~al1y (Thomas et al. 1967), Ca and Mg • 

by atomlC absorption and K by flame photometer (Hunter 197~). 

Duncan's multiple range test was employed to locate differences 

among the 12 treatments. Also, the treatments, CCI, CC:::!, FCl'Q FC2,o HMl, 

HM2 were analys,ed statistically as a 3 X 2 factonal arrangement (Steel 

Chicot Soil 

In 1983, measurements made 61 days after sowing indicated', the 

surface soil treated with FC2S and FC2, retained significantly more 

water than'sQ~l treated with CC2, HMl, HM2. Ul, U2, U3 and HM2S. The 

treatment effect was not reflected 103 days after sowing (Table 2.4). 
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Table 2.4 Effeet °of man ures or urea OI} moisture contént of 
soils in 1983 . 

---- Chicot ---- -------- St Benoit --------r., 
------------------ Depth (cm) ---------------------

Treatment 0-20 20-40 0-20 20-40 40:'60 
------------------------ % ------------------------

----..r-----------------------------------------!......------..:-.-

Ctrl 
CCI 
Ce2 

.FCl 
FC2 

, HMI 
HM2 

Ul 
U2 
U3 

FC2S 
HM2S 

f 
CV(%) 

Ctrl 
, CCl., 

CC2 
FCl 
FC2 
HMI 
8M2 
Ul 
U2 
U3 

FC2S 
HM2S 

F 
CV(!t) 

1) 

** 
# 

------------- 61 days after seeding ---------------

.'J.6 abc1 14 
'v 16 abc 14 

15 bc 14 
16 abc 15 
17 a 14 
14 d 14 
15 cd 11 
15 cg 12 
'15 cd ~ 13 
15 cd": 14 
17 a·" 14 
14 d 13 

3.63** 1.37 
7.4 13.6 

16 
18 
19 
18 
18 
17 
18 
16 
17 
17 
19, 
18 

Il 

g' '- 1~# 
14 11 
12 11 
14' 10 
11 7 
13 9 
12 8 
13 11 
13 9 
13 9 ,. 
10 8 

1.68' 0.61 2.07 
20.6 12.6 29.1 

------------ 103 days after seeding --. --------------

19 
19 
20 
19 
21 
20 
18 
20 
19 
20 
21 
19 

1.94 
5.9 

/ 

14 
14 
15 
14 
15 
15 
19 
16 
16 
16 
15 
15 

1.13 
17.1 

16 
16 
17 
16 
16 

""14 
14 
14 
16 
15 
17 
13 

14 
12 •. 
15 
13 
12 

< 13 
13 
10 1.. 

12 
11 

, ·'15 

11 

1.31 0.57 
9.3 23.5 

13 
10 
10 
10 
12 
11 
13 
8 

10 
9, 

10 0 

11 

1.02 
30.3 

means in the same co1umn fo110wed by the same letters 
are not significantly different at the 1evel of 0.05 
by Du~can's Multiple R8?ge Test. 
Significant at the leve1 of 0.01 . 

r 

• . 

ln this thesis, means not followed by a 1etter in a column 
within a black in a table are not significantly different 
at the level of ,0.05 by Duncan's Multiple Range Test. 
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. In 19~, 30 days aft er seeding (June 27, 1984), the gravlmettic 

• water contents, of soil treated wi th FC2S and Fe2 were signlficantly 

?igher than thaf of the control, Ul, U2 ~d HM2S treatments at the depth 
~ 

of Q~lO cm. Differences among manures were not significant. At depths of 
1 

.~10-20. 20-40 cm, no signifiqant differences were found (Tables 2'.5, 2:S 

and 2.7). 
-, 

In measurements of the top 10 cm layer made SO days after sowing 

,(July 26, 1984), the FC2S and Fe2 treatments had moisture contents of 
..... ; 

23% 8Qd 22% which were significantly greater than other treatments wlth 

values of ~O% or less (Tabl~ 2.5). At depths of 10-20 cm, the effects of ... ' .... . ) 

the FC2S, and FC2 treatments resulted in moisture contents slgnlficantly 

higher than thos~ of tpe control, CCI, Fel, HM2, U2 and HM2S treatm;;ts. 

At depths of 20-40 cm, little mOlsture content difference was found. The 
0-

moisture content of the HM2S treatment was the lowest among the, 

treatments th~ugh the soil profile. When analyzed as a factorlai 

arrangement; the mOlsture content associated wlth FC manure treatments 

was slgniflcantly higher than that wit~ CC manure treatments (Table 
, 

2.6). High manure application rates resu1ted ln significantly more water 

in the 50-11. 

Significant treatment or manure effects on 5011 water content were 

not detected at 90 days after seeding (August 28, 1984; Table 2.7). 

At 125 days after seeding (October 4, 

significantly higher moisture contents were 
" 

1984),f at 0-10 CID, 

found wltfi the FC2S 

treatment compared with other treatments, except for the FC2 treatment 

(Tables 2.7 and 2.8). The FC2 treatment had a higher water content than 
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-Table 2.5 'Effect of manures or urea on moisture content of soifs 
at 30 and 60 days after seedlng in 1984 

------ Chicot -------- ----------- St Benoit ------------
------------------- Depth (cm) ------------------~----

Treatment 0-10 10-20 20-40 0-10 10-20 20-40 40-60 

Ctrl 
CCI 
CC2 
Fel 
FC2 
HMl 
8M2' 

Dl 
U2 
U3 

Fe2S 
8M2S 

F 
CV(~) 

Ctrl 
CCI 
CC2 
Fel 
Fe2 
IIofl 
lfoI2 

Ul 
112 
U3 

Fe2S 
IfoIZS 

1) 

----------------- ~ -------------------------

------------- 30 days after seeding ---------'-------

'. 23 bl 

24 ab 
24 ab 
24 ab 
26 a 
24 ab 
24 ab' 
22 b 
23 b 
24 ab 

.26 a 
23 b 

25 
26 
27 
26 
27 
25 
26 
25 
27 
27 
28 
25 

21 
24 
22 
22 
22 
22 
21 i-
21 "'-
22 
24 

,24 
23 

24 cd 
26 abc 
27\8. 
25 abc 
26 abc 
26 abc 
25 abc 
23 d 
25 abc 
25 abc 
27 a 
24 cd 

27 a 
27 a 
28 a 
27 a 
28 a 
27 a 
:J7 a 
24 b 
26 a 
27 a 
28 a 
26 a 

24 abc 
25 abc 
24 abc 
27 ab 
23 be 
20 c 
25 abc 
21 c 
21 c 
22 c 
28 a 
23 bc 

19 
20 
20 
22 
19 
17 
20 
191} 
17 
18 ' 
23 
18 

2.45* 2.05 1.22' 2.52* 2.46* 3.01** 1.97 

-:~:~----2:~::----1:~4dayS ::::r seed;:~6----~~. 
19 hc 20 cd 18 21 22 20'· ~ 
20 'b 21 hc 19 22 - 23 20 20 
19 he 19 cd 19 21 22 16 12 
22 a 23 ab 18 21 23 16 14 
19 be 21 bc 19 , 21 22 20 16 
20 b 20 cd 18 18 20 16 13 
19 be 21 hc 21 20 20 18 14 
19 be 19 ed 18 21 21 16 Il 
19 be 21 bc 18 21 22 19 18 
23 a 26 a 18 23 24 20 15 " 
17 d 18 d 16 20 21 20 16 

8.72** 5.31** 1.03 
19.6 8.6 Il.0 

1.61 
8.6 

1.15 0.89 
11.3 18.6 

means in the same eo1umn with the same letters are 
not signifieantly different at the level of 0~05 by 
Dunean's Multiple Range Test. ' 

1.17 
31.6 

significant at the levels of 0.05 and 0.01 respectively. 

\ 
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'0\ 

( 

-----------;.-- 6/27/1984 (30 days after seeding) ----------------

---------------------- probab11ity ---------------------------
') 

CFH 0.5319 0.1684 0.3744 0.4821 0.0574 0.1232 0.1209 
NR 0.0611 0.0608 0.4472 0.7311 0.3826 0.9578 0.8123 

CV(") 6.8 4.9 8.6 5.7 '3.0 10.1 Il. 6 

CC 
FC 
HM 

N120 
N240 

cm 
NR 

CVc,.) 

cc 
Fe 
HM 

--------------~------------- % ------------------------------

24.3 26.3 22.7 26.1 27.5 24.1 20.5 
24.9 26.6 22.2 26.2 27.6 24.8 20.5 
24.0 25.4 21.3 25.4 26.6 22.3 18.3 

\ 

23.7 25.6 22.4 26.0 27.1 23.7 19.& 
25.1 26.6 21.8 25.8 27.4 23.8' 19.7 

-------------- 6/27/]984 (60 days ater seeding) ---1------------

---------------------- probabi11 ty ----------------------------
~ 

0.0449 0.6164 O. 9877~ 0.5564 0.4029 0.2039 0.2832 
0.0053 0.0681 0.5138 0.8558 0.6966 0.4506 0.2563 

" 5.6 8.5 14.1 8.9 v 9.3 22.9 26.6 

--------~---------------------" ----~---------------- --;------

19.3b1 

20.8a 
19.8ab 

20.6 
21.4 
20.7 

18.5 
18.7 
18.6 

21. 5 
21. 2 
20.5 

22.6 
22.4 
21.3 

20.0 
16.1 
18.3 

16.4 
13.4 
14.1 

N120 19.3b 20.2 19.0 21.1 22.3 18.8 13.7 

_-:_4_: ___ :_:_~-7-: fO~~~~~ ::~::::nt-::~~~:::~:~:am:l:~::.. ~~~ 
within the seme block are significantly different at 
.the leve1 of 0.05 by Duncan's Multiple Range Test. 
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Table ~.7 Effect of manures or urea on mOlsture content of sOlls 
Gt :l0 anr1 125 nays ufter seer:hnr. ln "1<lR4 

------ Chicot ----- ----------- St Benoit -----------­
Treatment ------------------------ Depth (cm) --------ï------------

0-10 10~20 20-40 0-10 10-20 20-40 40-60 
--------------~~----------- % ---------------------------

\ , 
-------------------------------------------------------------------

Ctrl 
CCI 
CC2 
FCl 
Fe2 
HMl 
HM2 
Ul 
U2 
U3 

FC2S p 

HM2S 

F 
CV(%) 

---------------- 90 days after seeding ------------------

17 
21 
24 
21 
23 
21 
22 
21 
21 
".., '-'-

23 
20 

21 
17 
24 
22 
23 
22 
22 
21 
22 
22 
24 
22 

20 
17 
19 
20 
20 
21 
24 
18 
21 
23 
18 
20 

1.29 1.15 0.63 
15.0 '15.1 23.8 

23 abc1 

23 abc 
25 a 
23 abc 
25 a 
22 be 
24 ab 
20 d 
22 be 
22 be 
25 a 
21 cd 

24 bcd 
24 bed 
25 ab 
23 bcde 
24 bcd 
23 bede 
22 def 
20 g 

\.22 def 
22 def 

. 26 a 
21 f 

22 
21 
20 
17 
20 
19 
18 
14 
17 
13 
27 
15 

19 
15 
1'1 
12 
16 
14 
15 
12 
12 
13 
lB 
12 

4.89** 8.93** 1.48 1.81 
6.4 ,4.6 30.4 26.2 

---------------- 125 days after seeding ------------------

Ctrl 
Cel 
CC2 
FCl 
FC2 
HM1 
HM2 
Ul 
U2 
U3 

FC2S 
HM2S 

F 
CV(%) 

22 bc 
22 be 
22 be 
22 be 
24 ab 
22 be 
21 bc 
20 e 
22 be 
22 be 
25 a 

• 22 be 

21 
22 
21 
<)<) ...... 
23 
21 
20 
21 
21 
21 
25 
20 

18 
17 
22 
18 
21 
17 
17 
20 
21 
19 
19 
18 

2.22* 1.57 1.00 
7.3 10.4 18.7 

22 ede 
26 abc 
27 ab 
23 ede 1 

25 abed 
22 ede 
21 de 
20 e 
22 cde 
23 ede 
29 a 
21 de 

23 ab 
22 abcd 
23 ab 
19 d 
23 ab 
22 abed 
19 d 
19 d 
19 d 
21 bed 
25 a 
20 bed 

17 
15 
15 
13 
16 
12 
15 
12 
12 
11 
18 
13 

15 
12 
10 

9 
12 
Il 
13 

9 
9 

11 
11 

9 

3.87** 3.53** 1.14 1.55 
12.3 10.3 29.1, 27.1 

1) means in the same column followed by the same letters are 
not signifieantly d!fferent at the level of 0.01 by ~ 
Duncan's Multiple Range Test. 

*, ** signifieant at the level~ of 0.05 and 0.01 rspectively. 
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Table 2.8 Probabillty associated with the main effect 
of manures (CFH) and nltrogen rate (~~) on 
gravlmetric mOlsture content a~f salIs at 
90 and 125 days after seeding in 1984 

--------~----------------------------------------------------~--------

----- Chicot Soil ------- --------- St Benoit SOlI ---------­
Main -------------------------Depth (cm) ---------------------------
effect 0-10 10-20 20-40 0-10 10-20 20-40 40-60 

cm 
NR 

CV(%) 

CC 
FC 
HM 

N120 
N240 

CFH 
NR 

-------------- 90 days after seeding (8/28/1984) ----------.----

------~--~------------ probability -----------------~----~-----

0.4190 0.7543 0.4361 0.5416 0.0023 0.758'5 0.5517 
0.0428 0.1913 0.5340 0.0145 0.5070 0.9431 0.'2757 

8.7 20.5 29.2 6.2 3.5 28.9 28.2 

---~-------------------------- % ------------------------------

22.6 20.9 18.4 23.9 24.2a1 20.3 16..1 
22.2 22.6 19.7 24.0 23.5a 18.7 13.!=l 
21.3 22.0 22.2 23.'2 22.,1b 18.3 11.2 

21.2b 20.6 19.3 22.9b 23.3 19.0 13.8 
22.9a 23.1 20.9 24.5a 23.5 19.2 15.7 

~----------- 125 days after seeding ~0/04/1984) ------------

-------------------- probab il i ty ---------------------- ------

0.1658 0.1004 0.4315 
0.4253 0.8051 0.1831 

0.0056 
0.5512 

0.1493 0.7117 0.4090 
0.4354 0.4169 0.4512 

" CV(%) 6.5 6.9 25.0 10.3 Il.1 28.2 19.6 

---------------------------- % ---------------------------~ 
CC 21.9 21.6 19.3 26.7a 22.7 15.0 11.0 
FC 23.0 22.3 19.1 24.4ab ~1.3 14.0 10.4 
HM 21.7 20.6 16.6 21.9b 20.3 13.4 11.9 

N120 22.0 21.4 17.0 24.0 21.0 13.5 10.8 
N240 22.4 21.5 19.6 24.6 21.8 14.8 11.4 

--------'----------

1) means fo11owed by different letters in the same co1umn 
within the same black are significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 
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the VI treatment, WhlCh had the lowest water content. 

St Benoit soil 

In 1983, measurements conducted 62 and 107 days after sowlng showed 

no signiflcant differences in water content among the treatments (Table ... 
2.4). 

In 1984. 30 days after seeding (June 27, 1984). mOlsture contents 

of the top 10 cm of soil associated with the FC2S and CC2 treatments 

were significantly higher than tbose of the control, UI, and f~2S 

treatments. At 10-20 cm, the Ul treatment had a significantly lower 

water content than other treatments. At a depth of 20-40 cm, 

significantly higher moisture contents with the FC2S treatment compared 

wlth the FC2, ~l. VI. U2, V3 and HM2S treatments were observed. At 40-

60 cm, no treatment differences were detected (Tables 2.5 and 2.6), 

At 60 days after seeding (July 26, 1984), only small dlfferences 

were found among the treatments through the soil profile (Tables 2.5 and 

2.6), while at 90 days after sowing (August 28, 1984), the CC2, FC2 anQ 
6 

FC2S treatments had.significantly higher moisture contents than the HMI, 

UI, V2, U3 and HM2S treatments in the top 10 cm layer (Table 2.7). 

Higher manure application rates resulted in significantly higher soil 
Q1 

, 
water contents t~an the lower rates at 90,days (Table'2.8). At 10-20 cm, 

the highest soil moisture content was found with the FC2S treatment, the 

lowest -- with the U2 treatment. CC or Fe manure treatments had greater 

effects on conserving soil moisture than HM ~ treatments. Differ:-ences 

among treatments were not detected at depths of 20-40 and 40-60 cm. 
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The last measurpment I\las made 125 davs after seedwl", Ocr()bf~r l, 

1984: Table 2.7). At depths of 0-10 and 10-20 cm, the hlghest mOlstuD~ 
a 

,content was found wüh the FG2S treatment, lower values wlth the HM:2, ln 

and HM2S treatments. Differences dlsappeared at 5011 depths of 20-40 and 

40-60 cm. When analyzed as a factonal arrangement, CC manure r reatments 

resulted ln slgnlflcantly hlgher sOlI mOlsture contents than l~ 

treatments at the top 10 cm 5011 layer (Table 2.8). 

2.3.2 Soil organic matter and soil bulk density 

• 'There was no slgnlflcant treatment effect on sol1 orgam.r:: mattF'r 

content anri sol.! bulk density for the soils 5amp1ed at J riepth of 'J. 1'3 

cm (Tab les 2. 9 and 2. 10 ) . 

2.3.3 Ammonium- and nitrate-N 

2.3.3.1 Chicot sail 

Ammonium-N 

Treatments wlth~ added manures (CC, Fe, HM) and urea (U) had hlgher 

contents of NH4-N in the flrst two months after applicatIon, compared 

with the control treatment (Tables 2.11 to 2.20). ThIS trend graduallv 

disappeared with time. Among the 3 measurements in 1983 and 5 in 1084, 

l the only'slgnlficant treatment effects on soil NHq-N contents were found 

1n June, 1984. At that time, the CC2 and FCZ treatments resulted ln 

higher NH4-N contents in the sOlI profile. For the top 40 cm soi1, the 
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Tâble 2.9 Effect of manures or un~a on sOlI organic mattF?r 
content and bu1k density ln 1984 

Organic matter Bulk densssi ty 

Treatment 
Chicot St Benoit Chicot St Benoit 

------- 0, 
0 -------- ------ g/cm3 ------

ctrl 3.82 3.93 1.33 1.18 
CCI 3.96 4.07 1.36 1.17 
CC2 4.11 4.12 1.28 1.12 
Fel 3.75 3.85 1.34 1.12 
FC2 3,89 , 4.07 1.41 1.17 
HMl 3.81 3.89 1.33 1.14 
HM2 3.78 4.02. 1.39 1.13 
Ul 3.90 3.56 1.34 1.22 
U2 4.14 3.89 1.34 1.21 
U3 3.86 3.92 1.34 1.14 

FC2S 3.71 4.03 1.35 1.19 
HM2S 3.60 4.03 1.35 1.17 

'F 0.38 0.56 1. 31 0.51 
cV(~) 13 .... 0 10.1 4.3 7.9 
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Table 2.10 Probabi11ty dssociated with the maln effect of 
rnanures (CFH) and nitrogen rate (NR) on 5011 

"-- organic matter content and bulk density in 1984 

Organic matter Bulk densi ty 

Main effect 
Chicot st Benoit Chicot .St Benolt 

-----------------~-------------------------------------~---------

----------------- probability ----------------------. ~, 

CFH 0.5713 0.6286 0.0925 0.9705 
NR 0.6761 0.3313 0.4483 1.0000 

CV(%) 1~.6 8.2 3.7 6.8 

---------- % --------- -------- gj,.cm3 ------

CC 4.04 4.09 1.32 1.14 
FC 3.82 3.96 1.37 1.14 
HM 3.80 3.95 1.36 1.13 

N120 3.84 3.93 1.34 1.14 
N240 3.92 4.07 1.36 1.14 

) 
--------------------,----------------------------------
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Table 2.11 Effect of manures or urea on ammon'lum- and nl:trate-N 
content of ChIcot SOlI ln 1983 

----- Ammonium-N ----- ----- Nitrate-N -----
Treatment ----------------- Depth (cm) -------------------

0-20 20-40 0-20 20-40 
--------------- mg N/kg dry sail ---------------

----------------- 7/11/1983 --------------------
1 _ 

Ctrl 1.3 0.8 2.7 bel 1.4 
CCI 1.7 1.2 2.3 bc 1.2 ) 

CC2 2.0 1.2 2.4 bc 1.5 ~ . 

FCl 1.3 2.1 1.7 bc 1.5 
FC2 2.9 1.6 1.2 c 1.1 
HMI 1.6 1.2 2.5 be 1.6 
HM2 2.6 1.5 3.5 abc ,2.4 

Ul 2.1 2.5 2.5 bc 1.4 
U2 1.3 1.,3 3.9 ab 2.0 
U3 1.7 1.0 2.2 be 0.8 

FC2S 1.9 1.2 2.4 bc 1.7 
HM2S 2.5 1.0 5.7 a 1.8 

F 1.10 0.67 2.21* 0.98 
CV (%) 53.6 88.1 58.0 54.7 

---------------- 8/15/1983 ------------------

Ctrl 3.3 ' 1.2 1.4 2.0 ~ 
CCI 2.3 0.,7 1.0 1.1 
ccz 2.6 1.4 1.2 1.5 
FCI 2.9 0.9 0.9 1.1 
Fez 4.0 0.8 1.3 0.5 
HMI 3.6 1.7 1.0 0.9 
HM2 4.1 1.1 2.8 1.0 

U1 4.0 2.8 1.4 1.4 
U2 2.0 5.3 1.3 0.9 
U3 3.3 1.7 1.6 1.5 

FC2S 5.6 1.3 1.3 0.8 
HM2S 2.6 0.9 1.0 1.0 

F 0.48 0.85 0.91 1. 77 
CV(%) 85.5 70.2 76.5 51.8 

1) means in the same column followed by the same letters are 
not signlficant1y different at the level of 0.05 by 
Duncan's Multiple Range Test. 

* significant at the level of 0.05. 
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Table 2.12 Effect and residual effect of manures or urea on 
ammonium- and n~trate-N content of 

Chicot soi1'~n 1983 and 1984 

------ Ammonium-N ------ -------- Nitrate-N -------­
'Treatment ---------------- mg N/J,g dry solI -----------------

-------...:.-~------------ 9/30/1983 --------------------

-------------------- Depth (cm) --------------------
0-20 20-40 0-20 20-40 

Ctrl 2.4 2.0 0.9 0.0 
CCI 2.0 1.9 LB 0.9 
CCZ 2.5 2.8 2.1 0.8 
FCl 2.8 1.7 0.8 0.3 
FCZ 3.3 2.3 2.1 0.5 
HMl 2 .. 2 1.7 2.8 0.5 
HM2 2.2 2.9 2.7 1.1 

Ul 1.8 2.1 3.1 1.6 
UZ 1.8 1.9 2.4 1.0 
U3 2.0 2.3 4.7 1.7 

FCZS 2.3 1.8 1.2 0.5 
HM2S 2.3 1.4 2.7 0.6 

F 1.27 1.00 1.82 1- 1.60 
CV(%) 31.8 43.2 70.2 99.3 

ReS1dua1 effect of manures or -------- -----------
urea apphed 1n 1983 (5/18/1984) 

--------------------- Depth (cm) ----------------------
0-10 10-20 20-40 0-10 10-20 20-40 

Ctrl 0.4 0.5 0.4 4.8 6.9 2.8 
CCI 0.4 0.6 0.4 5.1 5.4 3.3 
CCZ 0.4 0.5 0.4 4.5 5.0 3.2 
Fel 0.4 0.4 0.3 4.4 6.8 2.9 
FCZ 0.4 0.4 0.5 3.9 4.6 - 2.9 
HMl 0.4 0.4 0.3 4.3 5.4 2.6 
HM2 0.4 0.4 0.6 5.5 6.9 3.5 

Ul 0.7 0.4 0.3 4.4 4.9 3.4 
UZ 0.5 0.4 0.3 6.4 7.4 3.7 
U3 0.4 0.5 0.3 3.5 4.7 3.5 

FC2S 0.5 0.8 0.4 4.0 4.6 2.5 
HM2S 0.4 0.4 0.3 5.5 6.5 3.4 

F 1.34 1.16 0.64 1.19 1.72 0.61 
CV(%) 38.1 44.6 65.9 31.9 25.9 32.8 
--------------------------------------------------
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Tab1e·2.13 Probabi11ty associated wlth the residual main effp.ct 
of manures (CFIn and ni trogen rate (NIt) on anunonlum­
and nitrate-N content of Chicot solI (5/~6/1981) 

------- N content ------- ---- N accumulatIon ----
Main ------------------ Depth (cm) -----------------------:-
effect' 0-10 10-20 20-40 0-20 0-40 

---------------------- Ammonium-N ------------------------

------------------- probability -----------------------

cm 0.8125 0.1615 0.9665 0.3334 0.9514 
NR 0.5069 0.4580 0.2087 0.6947 0.2238 

C~(%) 17.0 20.7 75.4 14.6 40.4 

------ mg N/kg 5011 ------ ------ kg N/ha -------0 
cc 0.4 0.5 0.4 1.2 2.4 
FC 0.4 0.4 0.4 1.1 2.3 
HM 0.4 0.4 0.4 1.1 2.3 

N120 0.4 0.5 0.3 1.1 2.1 
N240 0.4 ·0.4 0.5 1.1 2.5 

----------------------- Nitrate-N ----------------.~~-----

------------------- proba~i1ity ---------------------, 

CFH 0.6250 0.3857 0.6924 0.6399 0.7637 
NR 0.6236 0.9591 0.5357 0.7613 0.9285 

cV(~) 33.0 25.5 30.1 26.6 25.9 

------- mg N/kg soil ------ ------ kg N/ha -------

cc 5.2 4.8 3.3 13.0 22.1 
Fe 5.7 4.1 2.9 12.8 20.7 
HM 6.1 4.9 3.0 14.4 22.~ 

N120 5.9 4.6 3.2 13.6 21.8 
N240 5.5 /' 4.6 3.2 13.2 22.0 

-------

". 
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T~le 2.14 Effect of manures or urea on ammonlum- and nitrate-N 
content of Chicot 5011 at 30 and 60 

days after seedlng ln 1984 

-~-------------------------------------------------:----~ ---
----- Ammonium-N ----- -------, Nitrate-N --------~ 

Treatment ---------------------- Depth (cm) ---- .. ------------,,-----
0-10 10-20 20-40 0-10 10-20 20-40 

------------------ mg N/kg dry soil -----------------
-------------------------------------------------------------~-------

----.----- 30 days after seeding (6/27/1984)' ---------

Ctrl 0.8 LIb 0.8 11.8 cl 11.7 5.7 bc l 

CCI 0.9 1.3b 1.0 13.2 d 13.3 6.3 abc 
CC2 2.3 3.0 a 2.4 13.3 cl 14.7 f 7.5 abc 
FCl 1."2 LIb 2.0 14.3 cl 13.8 6.7 abc 
FC2 2.5 2.8 a 1.6 12.7 d 9.3 6.4 abc 
HMl 1.2 1.5b 1.1 17.9 cd 14.3 _ 8.9 a 
8M2 1.4 1.3b 0.8 28.5 ab 15.5 9.1 a 
Ul 1.6 0.8 b 0.6 19.1 bcd 15.7 7.4 abc 
U2 0.8 l.Ob 0.9 24.4 abc 16.9 7.7 ab 
U3 l.8 1.4b 1.1 28.1 ab 15.3 8.4 ab 

FCZS 1.5 1.2b 1.0 8.5 cl 8.8 4.6 c 
HM2S 1.0 l.lb 0.9 32.3 a 17.8 8. lu ab 

F 1.54 4.04** 1.28 5.88** 1.3] 2.21* 
CV(%) 63.5 47.2 79.1 34.4 34.4 . 25.0 

-------- 60 days after seeding (7/26/1984) ----------

Ctrl 4.2 4.4 4.3 10.7 d 11.8 c 12.5 
CCI 5.0 5.1 5.7 14.7 cd 16.1 bc 14.3 
CCZ 7.8 Il :1 4.8 22.2 bcd 14.3 be 17.4 
FCl 5.1 5.8 6.3 20.2 bcd 18.0 be 16.0 
FC2 3~4 4.3 4.8 15.8 cd 13.9 be 16.8 
HMl 3.7 4.4 3.2 22.8 bcd 15.7 bc 14.3 
HM2 4.7 5.3 5.7 43.9 a 29.2 a 22.3 

Ul 2~6 3.6 2.9 19.9 bcd 17.2 be 14.3 
U2 4.7 4.2 4.2 22.5 bcd 18.1 be 18.2 
U3 4.2 4.2 2.9 36.4 ab 23.9 ab 21. 5 f 

FC2S 2.9 2.2 2.3 13.7 cd 12.9 be 17.4 
HM2S 4.6 5.2 4.1 30.4 abc 22.6 abc 19.8 

F 0.68 0.78 0.94 2.91** 2.15* 1.36 
CV f%) 73.3 97.1 59.9 50.3 39.3 29.6 

,1) means ln the s~e column followecl by the same 1etters are 
not signifieant1y different'at the 1evel of 0.05 by 
Duncan's Mu1ti1p1e Range Test. 

*,** significant at the leve1s of 0.05 and 0.01 respeetively, 
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Table 2.15 Probability associatedwith the'main effect 
·of man ures (CFH)' and nl trogen rate (NR) on _ 
ammonium- and nitrate-N content of ChIcot soil 
at 30 and 60 days' after s~eding in 1984 

n ------------------------------­c' 

l ~------ Ammonium-N -------- -------- Nitra~e-N --------­
Main --------------------- Depth (cm) -------------------~----! 'Il' 

eff~ct 0-10 / 10-20 20-40 0-10 10-20 20-40 

------------.------------------------------------~---------------
----------- 30 days after seeding (6/27/1984) -------------

------------------------ probability ---------------------T 
CFH 0.3193 0.2377 0.3739 0.0272 0.3956 , 0.0483 

NR 0.0083 0.0093 0.6718 0.3344 0.7689 0.6545 

cV(~) 48.6 46.2 85.2 44.7 36.9 26.0 

.-------------------- mg N/kg soil ------------------------
cc 1~ 6 . 2.1· 1.7 13.3 b "14.0 6.9 b l 

Fe 1.9 2.0 1.8 13.5 b 11.5 6:6 b 
HM 1.3 1.4 1.0 23.2 a 14.9 9.0 a 

N120 LIb 1.3b 1.4 15.1 13.2' 7.3 
N240 2.0a 2.3 a 1.6 18.2" '13.8 7.7 

---------- 60' days after seeding (7/26/1984) ------------
/ , -----..... ------------- Probability ----------------------

cm 0.5059 0.5702 0.7329 0.0080 0.0601 0.4882 
NR 0.6785 0.5327 0.9877 0.0561 0.3213 ' 0.0352 . 

CV (") 85.0 112.1 58.6 40.9 34.2 '25.0 

----------------- mg N/kg soil 

CC 6.4 8.1 5.3 . 18.4 b 15.2 ,15.9 
FC 4.2 5.0 5.6,_, 18.0 b 16.0 16.4 

,HM 4.2 4.9 4.4 '; 33.3 a 22.4 18.3 

N120 4.6 5.1 5.1 19.2 16.6 14.9 b 
N240 5.3 6.9 5.1 27.3 19.1 " 

, 
18.8 a ~ 

-------------- -------
1) means 'followed by different letters in the same co1umn 

o within the same block are significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 

40 

" 

'" 

------,..~ 



(.~ 

{ 

i 

l l 
, ,\ 

, 
" . 
, 
~ . 
" 
~ 

( , , 

.~ 

i 

f 

(" j, 

.. 

" 

Table 2.16 Effect of manures or urea on qu~tity of ammonium­
and nitrate-N of Chicot soil at 30 and 60 dàys ' 

after seeding in 1984 

---"'-----------------------------------

Treatm~nt 

__ ""'-" 

Ctrl 
CCI 
ee2 
Fel 
Fe2 
DMl 
~ . 
Ul 
U2 
03, 

Fe2S 
HM2S 

F 
ev(,) 

',---- Ammonium-N ----- ,..'---- Ni trate-N ------­
----------- Depth (cm) ---------------------

0-20 0-40 0-20 0-40 
----------------- kg N/ha ------------------

, 
--.--- 30 days after seeding (6/27/1984) -----------

2 b 5 c ~i ef 47 efl 
3 b 6 be 35 def 52 def 
7 a 13 a 37 edef 57 bedef 
3 b 9 abc 37 edef 55 cdef 

() 

7 a 11 ab 29 ef 46 ef 
4 b 7 be 42 bedef 67 abede 
3 b 6 be 57 ab 82 ab 
3 b 5 e "45 abede 66 abede 
2 b 5 e 54 abcd 75 abed 
4 b 7 be 56 abc 80 abc 
4 b 6,be 23'f 35 f , 

'3 b 5 be 65a 87a 

3.25** 2.17* 4.~** 4.42** 
46.1 54.0 " 28.8 24.8 

'0 

---- 60 days after seeeding (7/26/1984) --------

etrl 11 23/ 
, 

29 d 64 e 
cel. 13 29 40 bcd 80 be 
ce2 25 38 47 bcd 96 be 
Fel 14 32 50 bed 94 be 
Fe2 10 23 39 cd 85 be 
1Iot1 11 20 1 50 bcd 90 be 
lItI2 13 29 ( 

\. 95a 157 a 
Ul 8 17 48 bed 83 be 
U2 12' 23 53 bcd 10~ abç 
U3 11 19 

\ ~r." 78 ab 138 ab 
Fe2S 7 13 \ 35 cd B3,be 

.:" t,. 
IJot2S ,13 24 69 abc .. 124 ab 

, 

F 0.75 ' 0.78 2.68* 2.37* 
CV(,) 84.6 64.0 44.1 34.4 

~ 

1) lleans within the soil in the seme cullume followed by .. 
the same letters are not significantly different at 
the level of 0.05 by Duncan's Multiple Range T~st. 

*,** significant at the levels of 0.05 and 0.01, respectively. 
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Table 2.1' Probabi11ty associated wlth the main effect of' , 
nitrogen rate (NR) and manures (CFH) on quantity 
of ammoDlum- and nitrate-N, of Chlcot soil at 30 1 

and 60 days after seedlng 'ln 1984 

Main 
effect 

--~~----------------------------
Ammonium-N -----­

------------- Depth (cm) 
0-20 0-40 

----- Nitrate-N -~-----

0-20 0-40-

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

cm 
NR 

cc 
Fe 
HJ+ 

N120 
N240 

cm 
NR 

CV(*) 

CC 
Fe 
Itt 

N120 
, N240 

--
1) 

.. 

---- 30 qays after seeding (6/~7/1983) -----.-----
.­

-------~--------- probabi1ity --~----------------

0.1849 
0.0021 

38.2 

0.2464 
0.1227 

55.9 

o . 0802 O. 0403 
0.6211 0.5895 

37.2 29.7f 

---"----------- kg N/ha --------------------

5 10 36 55 b l 

5 10 / 33 51 b 
4 6 49 74 a 

3 b 7 38 58 
~ a 10 41 62 

------ 60 days after seeding (7/26/1984) --------
'. --------:...------- probabi1ity -'-----------------

0.5399 0.6284 0.0156 0.0332 
0.5803 0.6812 0.1113 0.0420 

99.3 68.4 36.8 27.1 

kg N/ha -~----------------

19 34 44b 88 b 
12 28 44b 90 b 
12 24 72 a 123'8 

17 27 47 88 b 
16 30 60 1138 

-----
, 

.eans followed by different 1etters in the. same co1umn 
wlthin the same block are significantly different 
at the level of 0.05 by Duncan's Multiple Range Test. 
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Table 2.18 Effect of manures or urea on ammonlum- and nltrate-N 
content of Chicot 5011 at 90 and 125 

days after seeding in 1984 

Ammonium-N ----- ---------- Nitrate-N ---------­
Treatment ------------------~--- Depth -(cm) ---------------------

0-10 10-20 20-40 0~10 10-20 20-40 
------------------ mi N/kg dry 5011 -------------------______________________ L __________________________________________ _ 

---------- 90 days after seedlng (8/28/1984) 

Ctr1 
CCI 
CCZ 
FCI 
FCZ 

. HMI 
HM2 

Ul 
U2 
U3 

FC2S 
HM2S 

2.7 
4.5 
2.6 
4.5 
2.7 
2.4, 
5.7 
2.0 
2.2 
2.3 
3.7 
3.6 

F 1.01 
CV (%) 70.8 

2.3 
7.1 
2.5 
4.7 
2.4 
2.2 
3.0 
2.0 
2.7 
3.0 
3.6 
3.8 

0.85 
95.2 

2.3 
1.9 
2 • .0 
3.8 
2.5 
2.1 
3.1 
2.0 
2.9 
2.0 
2.4 
3,5 

6.8 b l 

6.0 b 
7.3 b 
9.7 b 

10.8 b 
10.3 b 
11.2 b 
7.8 b 

23.5 a 
6.3 b 
5.3 b 

15.8 ab 

0.59 2.70* 
66.5 62.5 

6.5 
7.9 
7.1 
9.0 
6.4 
7.3 
8.4 
5.7 

13.6 
4.1 
5.0 

19.2 

2.06 
69.9 

---------- 125 days after seedlng (10/04/1984 \ 

Ctrl 
CCI 
CC2 
FCl 
Fe2 
HM1 

1 8M2 
U1 
U2 
u3 

FC2S 
8M2S 

F' 
CV C%) 

1.5 
1.6 
2.2 
2.1 
3.9 
1.6 
2.8 
1.6 
2.2 
2.2 
6.4 
2.8 

1. 23 
97.8 

2.0 
2.2 
2.3 
2.1 
1.9 
2.1 
2.1 

,0... 1.8 . 
. '\1. 8 

1.6 
4.2 
2.2 

1.15 
56.4 

1.6 
2.1 
3.0 
1.8 
2.0 
2.1 
1.7 
1.7 
1.B-
1.3 
1.5 
1.7 

1.58 
36.3 

3.4 e 
4.6 de 
7.9 bed 
6.9 bede 
9.6 abc 
5.1 de 
8.2 bed 
3.6 e 
8.2 bed 
5.6 cde 

10.2 ab 
13~3 a 

5.29** 
35.6 

3.4 b 
4.6 b 
7.4 ab 
6.2 b 
7.4 ab 
4.5 b 
6.5 b 
3.3 b 
7.1 ab 
5.4 b 
7.6 ab 

11.0 a 

2'.67* 
42.9 

" 

6.2 abcd 
4.0 bcd 
5.3 bcd 
7.8 abc 
4.8 bcd 
6.4 abcd 
4.3 bcd 
5.0 bcd 
9.7 ab 
3.4 cd 
1. 6 d 

'11. 3 a 

2.35* 
61.1 

0.5 
0.9 
1.8 
1.2 
4.4 
1.4 1 

2.6 
3.0 
3.5 
1.8 
2.6 
4.9 

'1.58 
92.8 

1) means ln the same c01umn fo11owed by the same 1etters are 
not signlficantly different at the level of 0.05 by 
Duncan's Multiple Range Test. 

*.** Signlficant at the 1evels of· 0.05 and 0.01 respectlve1y. 
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Table 2.19 Probab11Ity assoclated with the maIn effect of 
manures (CFH) and nltrogen.rate (NR) on ammonlum-

~ and nitrate-N content of Chicot sail at 90 and 
o 125 days after seeding in 1984 

------ Ammonlum-N ----- ------ Nitrate-N -------
Main --------------------- Depth (cm) -----------------------
effect 0-10 10-20 20-40 0-10 10-20 20-40 

---------- 90 days after seeding (8/28/1984) ------------
____________________ probabi1ity _______________________ 0 

CFH 0.9396 0.5520 0.3349 0.1542 0.9737 0.5696 
NB 0.8955 0.2289 0.9857 0.5491 0.5235 0.3156 

CV(%) 85.2 108.6 61.3 47.1 39.5 56.4 

--------~---------- mg N/kg 5011 ---------------------

CC 3'.5 4.8 1.9 6.7 7.5 4.6 
FC 3.6 3.6 3.1 10.3 . 7.7 6.3 
HM 4.0 2.6 2.6 10.7 7.8 5.4 

N120 3.8 4.7 2.6 8.7 8.1 6.1 
N240 3.6 2.7 2.6 9.8 7.3 4.8 

---------- 125 clays after seedlng (10/04/1984) ----------

CFH 
NR 

----------~--------- probabll1ty -----------------------

0.3567 0.7696 0.1767 
0.0798 0.9005 0.5611 

0.2310 0.4136 0.5770 
0.0071 0.0256 0.1377 , 

CV(%) 64.1 32.3 35.8 33.9 32.4 136.0 

-------------------- mg N/kg soi1 --------------------

CC 1.9 2.3 2.5 6.2 6.0 1.3 
FC 3.0 2.0 1.9 8.3 6.8 2.8 
HM 2.2 2.3 1.9 6.7 5.5 2.0 

N120 1.8 2.2 2.0 5.5 b l 5.1 b 1.1 
N240 -2.9 2.1 2.2 8,6 a 7.1 a 2.9' 

----- ---------------------
1) means fo11~ed by the different 1etters ln the same co1umn 

within the same block are significrantly different at' 
the leve1 of 0.05 by Duncan's Multiple Range Test. 
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Table 2.20 Effect of man ures or urea on quantity of ammonium­
and nitrate-N of Chicot soil at 90 aqd 125 

days after seedlng ln 1984 

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

Treatment 

Ctrl 
CCI 
CC2 
FC1 
FC2 ' 

.HM1 
HM2 

U1 
U2 
U3 

FC2S 
HM2S 

F 
CV(%) 

Ctrl 
CCI 
CC2 
Fel 
FC2 
HMl 
HM2 

Ul 
U2 
ua 

FC2S 
HM2S 

F 
cve,",) 

. 
--- Ammonlum-N --- ------ Nitrate-N ------

---------------- Depth (cm) ----------------------
0-20 , 0-40 . 0-20 0-40 

-------------------- kg N/ha ------------------------

------- 90 days after seeding (8/28/1984) 

7 
15 
7 

12 
7 
6 

11 
1 5 

7 
7 

10 
10 

a.86 
77.3 

13 
20 
12 
23 
14 
12 
20 
11 
15 
13 
16 
19 

0.75 
59.4 

17 b 
18 b 
19 b 
25 b 
22 b 
23 b 
25 b 
18 b 
48 a 
13 b 
13 b 
46 a 

4.06** 
47,,3 

--------- 125 days after seeding (4/10/1984) 

5 
5 
6 
6 
B 
5 
6 
4 
5 
5 

14 
7 

1.80 
61.2 

9 
11 
14 
11 
13 
11 
11 
9 

10 
9 

lB 
11 

1. 33 
39.7 

9 d 
12 cd 
20 bc 
17 bcd 
22 abc 
12 cd 
19 bcd 
9 d 

20 bc' 
14 bcd 
23 ab 
32 a 

4.37** 
36.3 

35 b l 

29 b 
33 b 
46 b 
35 b 
41 b 
37 b 
31 b 
75 â, 
23 b 
18 b 
77 a 

4.22** 
44.8 

10 d 
14 cd 
25 __ Dcd 
20 bcd 
34 ab 
16 cd 
26 bcd 
17 bcd 
30 abc 
19 bcd 
30 abc 
45 a 

3.36** 
44.5 

--------------,.-------

1) means within the_soil in the same culumn fo11owed by 
the same 1etters are not significantly different at 
the 1evel of 0.01 by Duncan's Multiple Range Test. 

** significant at the levels of 0.05 and 0.01, respectively. 
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r.CZ and FCZ treatments had values of more than 13 and Il )'g. NH4 -N/ha 

respectlvely, while other treatments had values WhlCh varied from less 

than 9 to less than 5 kg NH4-N/ha (Table '1.16). 

Nitrate-N 

In 1983, the only slgnlficant treatment effect on N03-N content.was 

detected in July at a depth of 0-20 cm. Of the 12 treatments, the HM2S 

resulted ln slgnificantly higher N03-N contents than the other 

treatments, except for the HM2 and U2. The FCI and FC2 treatments had 

lower N03-N values. N03-N contents in general were lower ln August 

(silklng stage) than ln July or September (Tables 2.11 and 2.12). 

In 1984, resldual effects of manures or urea app1led ln preVloU5 
• 

years on sail N03-N content were not slgniflcant (Tables 2.12 and 2.13). 

Treatment effect~ were reflected in N03-N ~~ntents measured one rnonth 

after seedlng (June 27, 1984). N03-N contents of 32.3, 28.1 and 28.5 

.mg/kg 5011 for the HM2S, U3 and 8M2 treatments, respectlvely, were 

significanly~greater than those for the control, Cel, CC2, FCl, Fe2, HMl 

and FC2S treatments at 0-10 cm depths. At 10-20 cm depths, no 

differences were observed among the treatments. Significantly higher 

N03-N contents than the control and FC2S treatments at 20-40 cm were 

observed with the HMI and 8M2 treatments (Table 2.14). For the top 40 cm 

soil, the accumulations of N03-N for the HM2S, HM2, U3 and U2 treatments 

were aproximately 87, 82,,79 and 75 kg/ha, respectively, whlIe those for 

other treatments were less than 70 kg N03-N/ha (Table 2.16). HM 

treatments had significantly hlgher NÛ3-N content or accumulations than 
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CC and FC manure treatments at depths' of 9-10 and 20-40 cm and ln the 

top 40 cm soil respectively (Tables 2.15, 2.16 and 2.17). 

At 60 days aftel: se,eding (July 26, 1984). N03-N contents of HM2 and 

U3 treatments were significantly higher than those of the control, CCI, 

FC2, and FCZS at depths of 0-10 cm, and that of the control at depths of 
) 

20-40 cm (Table 2.14). Values of approximately 157, 138, and 124 kg NOJ-

N/ha for the HM2, U3, and HM2S treatments, respectlvely, were much 

greater than those for the control (Table 2.16). HM treatments resulted , 

in higher N03-N contents at 0-10 cm and more N03-N ln the sail profile, 

compared with CC, or FC manure treatments. Higher manure applIcatIon 

rates resulted in higher conte,nts or accumulations of N03-N in the sol1 

(Tables 2.15,\2.16 and 2.17). 

At 90 days after sowing (August 28, 1984), the only signIficantly 

higher NCb-N content at 0-10 cm was found with the U2 treatment, which 

was not significant1y higher than the other treatments, except for the 

HM2S treatment. Treatment effects were not significant at 10-20 cm. At 

20-40 cm depths, the U2 and HM2S treatments had signlficantly higher 

NCb-N contents than the U3 and FC2S treatments (Table 2.18). Thus 

~ignificantly more accumulation of NCb-N was found with the U2 and HM2S 

treatments in the soil profile., ~ompared wit~ other treatments (Table 

2.20). Differences among manures and between manure applicatIon rates 

were not significant (Tables 2.19, 2.Z0 and 2.21). 

~ 
At 125 days after seeding (October 4, 1984), significantly higher 

NCb-N contents at 0-10 cm were observed with the HM2S, FC2S, FCZ, Ce2, 

HM2 and U2 trteatments, compared with the control and U1 treatment. At 
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Table 2.21 p~abilitY assoc,ated 'w,th the ma,. effect of 
n~trogen rate (~) élnd manures (CFH) on quantlty 
of ammonium- and n~trate-N of Ch~cot soi1 at 90 
and 125 days after seeding ln 1984 

Main 
effect 

-,----- Ammonium-N , ------- Ni trate-N -------
------------~------ Oepth (cm) -----------------------

0-20 0-40 0-20 '. 0-40 

---------------,.------------------------------------
--------- 90 days after seeding (8/28/1984) ----;--- --- --

~--------------- probab~l~ty ---------------------

C,fH 0.8611 0.9155 0.2816 0.2087 
NH \ 0.4182 0.5118 0.9269 0.460a 

CV(~) 90.7 65.3 33.4 29.1 

------------------ kg N/ha ---------------------
CC 11 16 1:9 31 
FC 9 lB 23 39 
HM 9 16 24 41 

N120 11 lB 22 39 
N240 8 1? 22 35 

--------- 125 days after seeding (10/04/1984) ----------

---------------- probab11ity --------------------

CFH 0.5530 0.5819 0.3109 0.4014 
NH 0.1073 O.MOO 0.0101 0.0301 

CV(%) 34.5 26.5 31.8 51.5 

--------------- kg N/ha --------------------
cc 6 ,13 16 20 
Fe 7 12 20 27 
HM 6 11 16-_ 21 

"N120 5 11 14 b 17 b l 

N240 7 13 20 a 29 a 

-----------
1) means followed by different 1etters 1n the same column 

within the seme block are significant1y different 
at the leveI of 0.05 by Duncan's Multiple Range Test. 
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10-20 cm, only the HM2S treatment had slgnlficantly hlgher N03-N 

contents in comparison with the control. At 20-40 cm, no significant 

treatment differences were observed (Table 2.18). Different· manures 

showed no slgnificant effect on NCb-N content of th~ sail (Table 2.19). 

The HM2S, HM2, FCZS and UZ t~eatments resulted in much more N03-N 

accumulation than the control treatment in the top 40 cm, sail (Table 

2.20). Higher man ure application rates gave sign~ficantly more N03-N ln 

the sail profile (Table 2.21). 

2.3.3.·2 St Benoit soi 1 

Ammonium-N 

NH4-N content of the sail was not affected consistantly by 

treatments,. In 1983, significant differences were detected one month 

after treatment applications at depths of 40-60 cm where the HM! and U3 

treatments had higher NH4-N levels than the control, CCI, CC2, FCI, FC2, 

UI and HM2S treàtments. No residual effect of manures or urea applied in 

the previous years on Nrk-N content measured in 1984 was slgniflcant 

(Tables.2.22, 2.23 and 2.24). 

The significant treatment effects on NIW-N content in 1984 were 

observed the first month after treatment applications (Table 2.25)~ The 

U3 treatment had a very high NEk-N content at depths of 0-10 cm, 

compared with other treatments. At 10-20 cm, significantly higher N}W-N 

contents were observed with the CC2 and U3 trëatments, compared with the 

control, CCI, FCZ, HMI, UI, U2 and HM2S tréatments. The 8M2 treatment 

had a high NH4 -N content but was not greatly different from the control. 
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Table 2.22 Effect of man ures or urea on ammonlum- and nttrate-N 
content of St Benolt soil ln 1981 

-------~--------------------------------------------------~-------

----- Ammoolum-N '----- --------- Nitrate-N --------­
Treatment ------------------- Depth (cm) ----------------------

,.. 

Ctrl 
CCI 
CC2 
FCl 
Fe2 
HMI 
HM2 
Ul 
l]2 
U3 

Fc2s 
HM2S 

F 
ev (%) 

Ct rI 
CCI 
CC2 
FC1 
Fez. 
HMl 
8M2 

Ul 
U2 
U3 

FC2S 
HM2S 

F 
CV (%) 

1) 

*, ** 

0-20 20-40 40-60 0-20 20-40 40-60 

----------------- mg N/kg dry soil ------------------

---~--------------- 7/13/1983 -----------------------

1.4 
1.9 
2.3 
1.4 
2·4 
3.3 
3.2 
1.4 
6.0 

14.5 
1.5 
5.3 

1.0 
1.2 
0.7 
0.8 
1.6 
6.1 
0.8 
0.8 
2.3 
5.2 
1.4 
6.9 

0.8 c 
0.8 c 
0.7 c 
0.7 c 
0.8 e 
2.8 a 
1. 9 abc 
0.8 c 
2.2 abc 
2.5 ab 
0.6 c 
1.2 bc 

10.2 be 
13.7 be 
11.4 be 
10.7 be 
16.1 b 
22.9 a 
10.3 be 
, 7.8 e 
12.9 ab 
16.8 ab 
15.2 b 
14.9 b 

9.2 bel 
12.3 be 
8.5 e 
9.9 be 

14.2 abe 
19.7 a 
8.7 e 
7.5 e 

12.0 be 
11.7 be 
11.9 be 
15.8 ab 

1.37 1.51 2.56* 3.59** 2.78* 
172 . 8 155.4 77. 1 . 31. 2 35 . 4 

5.0 
7.7 
7.7 
6.2 
7.1 

14.0 
7.9 
7.5 
7.9 
8.8 
6.6 
5.8 

1. 76 
59.2 

------ ------------ ---- ---- 8/16/1983 -----------------------

1.2 
1.2 
1.9 
1.5 
1.4 
2.5 
1.8 
1.9 
3.0 
1.4 
1.7 
1.7 

1.2 
0.7 
1.4 
0.9 
0.8 
1.7 
1.1 
2.8 
5.3 
1.7 
1.3 
0.9 

0.7 
0.5 
0.7 
0.7 
1.1 
0.6 
1.5 
0.6 
2.7 
0.8 
1.0 
2.1 

0.79 1.10 1.33 
66.9 151.1 108.1 

. , 

3.7 c 
3.5 c 
4.2 e 
4.6 e 
4.2 e 
6.2 e 

18.1 ab 
5.0 e 

25.9 a 
27.4 a 
4.1 p 

13.1 bc 

3.2 e 
3.8 e 
4.2 e 
3.9 e 
4.1 e 
5.3 e 

10. 3 ~b 
3.9 e 

14.9 a 
Il. 2 ab 
4.2 e 
8.4 be 

8.19** 5.85** 
62.9 48.9 

4.2 be 
4.0 ç 

4.6 be 
4.0 e 
3.9 c 
4.5 be 

10.3 a 
3.9 e 
8.6 ab 
5.8 be 
4.7 bc 
4.3 be 

2.32* 
51.4 

means in·the same column followed the same letters are 
not signifieantly different at the level of 0.05 by 
Duncan's Multiple Range Test.. 
signlficant at the levels' of 0.05 and 0.01 respectlvely. 
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Table ~.23 Effect and resldual effe-::t of manur ... s or U!-O~ "nJ 

3JIImOnlum- -mrl nltrat~ -\' '-ont",nt of St Benrnt 5011 
ln 1')83 and 1984 

-------------------------------------------------------------- Ammonium-N ------ -------- ~ltrate-N --------
Treatment -------------------- Depth (cm~ ~--------------------

0-20 20-40 40-60 0-20 20-40 40-60 
----------------- mg N/kg dry 5011 ------------------

-------------------------------- 9/30/1983 -----------------------

Ct rI 1.9 l.0 0.9 3.7 c 2.0 b 1.5 b l 

CCI .., .., 1.3 2.3 4.9 c 3.4 b 2.3 b 
CCZ 2.5 1.5 1.2 6.3 c 4.-1 b 1.3 b 
FCl 3.7 1.2 1.1 5.1 c 2.5 b .., .. _. f b 
FC2 2.3 1.4 LI 5.9' c -L4 b 2.8 b 
HMl 2.7 1.4 1.2 8.4 bc 5.4 b 3.5 b 
HM2 .., .., 1.5 0.9 13.3 abc 8.0 b 5.1 b _. ~ 

Ul 1.6 1.2 0.8 8.0 c 4.9 b ') -w.::> b 
U2 2.5 1.7 1 ') 20.0 ab 11. 0 b 5.6 b 
U3 3.7 1.3 1.2 24.0 a 22.1 a 11.3 a 

FC2S 2.0 1.2 0.7 6.0 c 3.1 b 2.3 b 
HM2S 2.3 1.1 1.'5 10.1 be 7.3 b 4.8 b 

F 0.97 0.34 0.64 2.94** 2.59* 3,.28** 
CV (".n 52.9 48.9 89.6 77.1 105.0 71.0 

ReSldual effect of man ures or un~a 

~==_-======_:~~~=~-~nD!:~~ 
----.-----

(4/27/1984) 
f cm) -----------------------

0-10 10-20 20-40 40-60 0-10 10-20 20-40 -t0-60 

Ctrl 1.8 1.1 4.1 2. ·1 .1. l .1. f) 1.8 .., 
R -

CCI 2.7 2.2 2.8 ~.1 2.9 '3.7 3.1 :::.-l 
CC2 4.0 2.8 2.5 2.5' 4.5 5.4 4.4 3.2 
FCI 3.0 2.6 2.3 2.3 3.2 4.1 '3. 1 2.1 
FC2 • 2.6 2.5 1.9 1.7 3.2 4.1 2.3 1.6 
HMl 1.0 2.7 2.5 2.0 4.0 4.3 6.1 2.8, 
8M2 2.9 2.3 2.7 4.9 3.2 6.0 4.8 4.9 

Ul 2.6 2.2 2.6 2.4 2.5 4.1 3.1 3.1 
U2 3.1 2.9 2.4 2.6 4.7 5.7 3.4 2.8 
U3 2.9 2.7 2.0 2.1 3.1 5.3 4.7 2.8 

FC2S 3.6 3.8 2.7 2.1 3.7 5.5 4.9 3.'3 
RM2S 2.2 2.7 2.1 2.0 3.6 4.4 3.0 1.8 

F 1.28 0.83 0.88 1.10 1.17 .0.47 1.33 1.19 
CV (~) 31.2 48.0 48.7 58.0 35.8 46.1 47.7 '51.4 

1) means ln the same column followed by the samé letters are 
not slgnificant1y dlfferent at the level of 0.05 by 

.-.. Duncan's Multiple Range Test. 
*,** slgnlficant at the levels of'0.05 and 0.01 respectlvely. 
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Table 2.24 Probablli ty associated with resl.dua1 maIn effect of 
nitrogen rate (NR) and manure,s (Cm) applted in 1983 
on quantity of amIlionium- and mtrate-N of St Benoit, 
soil (4/28/198-4) 

----;-- N content ------------ --- N accumulat Ion 
Main --------------------- Depth (cm) -----~-----------------
effect 0-10 10-20 20-40 40-60 0-20 0-60 

CFH 
NR 

~V(~) 

CC 
Fe 
HM 

N120 
N240 

CFH 
, 

NB 

C~(%) 

CC 
FC 
HM 

N120 
N240 

1) 

~----------~--------- Ammonlum-N ------------------~--~---' 

----------------- probab i li t Y ------------...:----------.-­. 
0.4862 0.9857 0.3165 0.3372 0.6995 0.3887 
0.5501 0.9704 0.7380 0.2710 0.6799 0.4488 

33.0 22.6 33.4 73.72 25.9 37.3 

------, mg N/kg soil ---------- ---- kg N/ha -----

3.4 2.5 2.6 2.3 6.5 18.6 
2.9 2.5 2.1 2.0 5.9 15.9 

' 2.8 2.5 2.5 3.2 6.0 20.3 

2.9 2'.5 2.5 2.1 5.9 17.4 
3.2/ 2.6 2.3 2.9 6.3 19.1 

---------...:.------- Ni trate-N ---------------~ --~---

-------------------- probabllity ---------------~--~----

0.6669 0.6125 0.0069 0.0831 0.6050 0..0509 
0.5831 0.1973 0.6924 0.2614 0.2469 0.4677 

32.1 43,6 35.3 56.1 34.9 36.6 

" ---------- mg N/kg sail ------------ ---- }!g N/ha -----

3.7 4.5 3.Thl 2.8 9.2 25.3 0 

3.2 4.1 2.7b 1.8 8.1 19.3 
3.7 5.0 5.5a 3.8 9.7 32.3 

3.4 4.0 ,3.8 3.0 8.2 24.2 
3.7 5.1 3.8 3.0 9.8 26.5 

means with the same 1etters in the same 'Co1umn Wl:thln 
the same b10ck are not significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 
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Table 2.25 Effect of manures or urea on ammonium- and nitrate-N 
content of St Benoit sOlI at 30 and 60 

days after seeding in 1984' . --------------------------------------------------------------------
,( ------- Ammonium-N ------- ---...,.-----;- Nitrate-N 1----------­
'\,Treat- ------------------------ Depth (cm) ------------------------

ment 0-10 10-20 20-40 40-60 0-10 10-20 .~0-40 "40-60 
\ --~---T------------- mg N/kg dry soil ----------------------
\ . . 
'1--------------------------------------------------------
\ ----------- 30 days after seeding (6/27/1984) ---------~--
Ctr1 
. CCI 

CC2 
, FCI 

FC2 
HM1 
HM2 

U1 
U2 
U3 

FC2S 
HM2S 

F 
CV (%) 

Ctr1 
CCl 
CC2 
FC1 
FC2 
HM1 
8M2 

U1 
U2 
U3 

FC2S 
HM2S 

'4.5b1 4.1b 4.0 
,6. 4b 4. 4b 3 . 7 

12.8b 19.4a 9.7 
13.8b 9.0ab 10.3 
7.9b 4.0b 4.8 
9.3b 4.4b '4.0 

15.7b 17.2ab 9.0 
7.5b 3.4b 30'4 

20.6b 5.Sb 3.3 
50.3a 21.0a 9.1 
8.3b\ 9.1ab "8.1 
9.9b\ 5.7b 5.1 

4.34*\'2.36* 1.06 
84. 9 ~3 .. 0 87 . 9 

4.1 
4.2 

If.6 
6.8 
3.0 
3.6 
6.6 
1.8 
3.0 
8.8 
7.2 
4.8 

2.00 
73.0 

24.8d 
39.ged 
64.8bed 
64.4bed 
49.0ed 
69.2bc 

110.3a 
67.8be 
91.4ab 

116.5a 
55.3bed 
79.3abe 

4.48** 
36.7 

24.8e 
34.4de 
53.6bed 
43.30de 
53.lbcd 
32.2de 
62.9abc 
46.1bcde 
59.1abcd 
84.5a 
44.1cde 
7':!..3ab 

4.11** 
32.6 

24',7 
16.9 
21. 3 
28.6 
23.0 
20.5 
23.5 
18.5 
19.1 
25,3 
28.2 
40.0 

0.65 
63.4 

11.8 
17.4 
15.9 
14.4 
14.8 
14.7 
19.0 
11.4 
12.9 
21.7 Ct 

15.3 
17.7 

, 
1.50 

'30.6 

-------~-- 60 days after seeding (7/26/1984) --------------

2.6 ~\9 3.0 
5.2 6,6 '3.1 
5.9- 2.~ 4.2 
5.1 3.7 3.2 
3.8 4.I~ 2.2 
3.2 2.6 2.6 
3.2 4.8 1.5' 
2.3 3.3 2.2 
4.0 4.1 3.0 
4.5 3.4 2.3 
4.0 2.8 2.0 
2.7 3.0' 2.0 

2.7 
2.6 
3.1 
4.6 
2.5 
2.1 
1.4 
1.9 
2.1 
4.1 
2.3 
1.8 

15.6d 13.9d 
21. 4ed 14. ad 
29.8bcd 24.1abcd 
53.4ab 27.0abcd 
58.9a 38.9ab 
39.9abed 21.9bcd 
68.3a 31. Oabcd 
29.0bed 18.0bcd 
58.7a 2,~3~bed 
45.0abc 17.3cd 
43.9abed 35.Babc 
39. ?abed 43.1a 

13.5 
11.2 
16.5 
18.0 
17.5 
13.9 
16.1 
17.4 
16.0 
12.2 
20.1 
20.7 

13.2 
10.1 
13.8 
n.6 
15..5 
10.4 
12.7 
Il. 8 
12.3 
14.9 
13.1 
18.0 

F 0.68 0.84 \0.45 0.92 0 3.45** 2.34* 0.83 ,,1.32 
40.2 52.5 CV (%) 71.6 67.7 82.5 75.3 41.3 48.8 

\ 

----------------------j---------------~~--------------------------
1) me ans in the s~e column f~110wed ~y the sam~letters are 

not significantly differenf at the/level of ~05 by 
Dunean's Multipl~ Range Test. t --" 

Significant at the levels\~of 0.05 and 0.01 respectively. ' 
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For the top 60 cm of soil, levels of 105, 88, 75 kg oNH4-N/ha with the' 

U3, Ge2 and HM2 treatments, respectiveIy, were significantly greater 

than those with the control, CCI, FC2, HMI and Ul treatments. Different 

lIanures did not have different effects on NH4 -N contents or 

accumulations in the soil profile to a depth of 60 cm (Tab les 2. 26, 2.27" 

and 2.28). Measurements in July (July 26, 1984), August (Aùgust 28, 

,1984) and October (October 4, 1984) Indlcated that 5011 NH4-N statùs was 
"""<>" 

not significantly affected by treatments (Tables 2.2~ to 2.32) . 

Nitrate-N 

In 1983, at the first sampling (July 13, 1983} , at 0-20, 20-40 cm 

sampling depths, N03-N associated Wl. th the HMI treatment ~as 

significantly higher than that found ~th other treatments, except for 

the 'u2 and U3 treatments at 0-20 cm and the Fe2 and HM2S at 20-40 cm 
o 

(Table 2.22). At depths of 40-60 cm, there we~ fit> sigmfiçant 

differences. At the second sampling (August 16, 1983), the HM2, U2 and 

U3 treatments resul ted in higher NÛ3 -N contents at' depths of 0-20' and 
1 

20-40 cm, cOllpared with the other treatments, except for the HM2S 
/ 

tr~atment. Significantly higher N03-N content,at 40-60 cm depths than 

other treatments,except U2 was found with the HM2 treatment, indicating 
, 

leaching of ~-N from HM into the soil profile (Table 2.22). By the end 

of the growing sesson (September'30, 1983), the U3 treatment had 

resuited in significantly higher N03-N content in the soil profile than 

had the other treatments. The ~ and HM2S treatments had slightly 

higher N03-N contents but were not significantly different from the 

éontrol (Table 2.23). 
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l~ aeans followed by different letters in the seme colu.n 
within·the.ame block are significantly different àt· 
the level of 0.05 by Duncan's Multiple Range Test. 
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( Table 2.27' Eftect of .art1U"es or urea on quantlty of aJIIIIIoniu.- and 
nitrate-N of St Benol t sail 'at 30 and 60 

days after seedlng in 1984 

--- .A..onium-N --- ------- Ni trate-N ---- . 
Trieataent Depth (cm) ----------

0-20 0-60 0-20 0-60 

". 
kt N/ha ---~--------

--------- ,Ir - '" 1 
30 days after seedlog (6/27/1984) -----

1 , / 
Ctd la b 28 de 54 e 144 Cl / 

/ CCI 12 b 31 de 82 de 166 c 
/ 

CC2 36 b 89 ab 130 bcd 222 be 
Fel 25 b 67 ab-ed 118 cd 223 be 
Fe2 13 b 32 de 113 cde 206 bc 
1141 15 b 34 de 118 cd 206 bc 
lItI2 '" 

37 b 75 abc 189 ab 294 ab 
, Ul 12 b 25 e 125 cd 19~ be 

1 U2 28 b 44 ede 165 abc 243 ab 
U3 77 a 105 a 220 a 341 a 

FC2S 19 b 57 bcde 109 cde 216 bc 
I:tf2S 17 b 41 cde 167 abc 308 ab 

( F 

~ 
4.73** 4.39** 5.93** 2.49* 

l cv (') 67.9 46.4 28.33 30.34 

t 
- 60 days after seeding (7/26/1984) • ----------t 

" ~ 
J- Ctr1 6 20 33 c 99 cd 
i: Cel 13 27 39 c 91 d 

CC2 10 28 59 he 134 hcd 
FCI 10 29 88 ab 160 abed 

< FC2 9 20 107 a 214 a , 
1111 6 18 67 abc 127 bcd 

1 ltI2 9 16 108 a 179 ab .. 
U1 6 16 51 he 123 hcd , , 0 

U2 9 22 93 ab 163 abcd 

t 
U3 9 25 67 abc 134 bcd 

:F02S 7 . 18 88 ab 169 abc 

". ItI2S 6 16 92 ab 187 ab , . 
1 F 0.69 0.60 3.36** 2.59* 

CV (~) 59.3 58.1 37.2 30.7 
i 
i 
t 

1) .eans within the sail in the same co1umn fo11owed by l l · ' '. 

f the 8S11e letters are not significantly different at • 
1 the level of 0.01 by Dunean's Multiple Range Test. · , 

t *.** significant at the leve1s of 0.05 and 0.01, respectively. ", 
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T8ble 2.28 Probabll1ty assoclated wlth the maIn eff~ct of 
nitrogen rate (NR) and manures ICFH) on quantlty 
of aJIII!10Dlum- and nitrate-N of St Benoit 5011 at 
30 and 60 days after seedlng ln 1984 

Main 
ef'fect 

\ 
, " 

CFH 
NR 

cV(~) 

CC 
Fe 
HM 

N120 
N240 

----- Ammonium-N ----- ------ Nitrate-N ------
------------------ Depth (cm) -----------------------

0-20 0-60 0-20 0-'-60 

--- --------------------------------~----

--~----- 30 days after 5eedlng (6/27/1984) -------------

-------------- probabllity---------~-------------

0.6257 
0.0697 

62.2 

0.7524 
0.0746 

49.8 

O.0!J78 
0.0385 

31. 8 

0.1634 
0.0701 

23.4 

------------------- kg N/ha ----------------------

24 60 106 194 
19 50 115 21~ 
26 54 158 256 

17 44 105 b l 198 
28 65 144 a 241 

-----..... --- 60 days after seeding (7/26/1984 ) ------------

----------------- probab i li ty ------------------- ---

CFH 0.4655 0.4254 0.0001 0.0030 
NR 0.7947 

., 
0.6242 O. 0013 0.0040 

cV(~»)\ 64.0 70.8 21.4 23.6 

------------------~ kg N/ha ---------------------
\ 

cc 11 ... 27 49 b 113b 
Fe 9 .' 25 97 a 187 a 
HM 8 17 88 a 153 a 

Nf20 10 25 65 b 126 b 
N240 ,9 21 91 a 175 a 

--~--------------------------------------------------

1) means followed by different letters in the same column 
within the same b10ck are signlficantly dlfferent at 
the leve1 of 0.05 by Duncan's Multiple Range Test. 
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Table 2.29 Effect of manures or urea on ammonlUlD- dnd Pl tra! -" "\ 
content of '3t BenoIt sol! at 30 and 1~5 

days after seedlng ln 1984 

----- Ammonlum-N ----- ---------- Nltrate-N ----------­
Treat- ,--------------------- Dp.pth (cm) --------------------------
ment 0-10 10-20 20-40 40-60 80-10 10-20 20-40 40-60 

----------------- mg N/kg dry soil ----------------------

Ctrl 
CCI 
CC2 
FCI 
FC2 
HMI 
HM2 
Ul 
U2 
U3 ' 

FC2S 
HM2S 

---------- 90 days after seedrng (8/28/1984 \ ------------

5. l 
4.9 
8.0 
8.4 
8.7 
3.4 
5.6 
7.0 
6.7 
7.0 
5.2 
4.9 

4.8 
6.7 
8.9 
8.0 
7.1 
5.0 
4.5 
4.2 
7.8 
9.0 
6.2 
4.9 

2.8 
4.6 
'3.1 
4.9 
4.9 
3.0 
4.4 
2.9 
3.1 
4.9 
3.8 
2.3 

3.2 
2.4 
4.9 
4.6 
3.6 
2.3 
3.9 
3.0 
2.8 
4.5 
3.1 
4.6 

5.3 b 
6.8 b 
4.4 b 
6.8 b 

16.4 b 
15.1 b 
36.0.ab 
6.6 b 

37.7 ab 
61. 6 a 
9.7 b 

52.3 <1 

3.7 d 
6.8 d 
4.1 d 
8.8 cd 

18.1 bcd 
10.0 cd 
35.8 ab 
8.9 cd 

18.6 bcd 
51.6 a 
11.1 bcd 
34.4 abc 

3.3 Cl 

'5.8 C 

3.0 c 
4.9 c 

13.8 ab 
6.3 c 

14.5 a 
6.3 c 
7.5 be 
R.8 abe 

, 6.0 c 
6.0 c 

'5.0 
.. L2 
3.0 
4.8 
8.4 
6.2 

11.4 
8.6 
7.8 
6.0 
9.8 
7.'5 

F 0.921.181.081.02 3.73** 4.28** 2.83* 1.78 
cv (%) 55.0 49.6 49.7 50.8 96.5 87.0 60.9 54.0 

125 days after seedlng (10/04/1984' 

Ctrl 
Cel 
CC2 
FC1 
FC2 
HMl 
HM2 

3.6 5.0 
4.1 5.7 
5.4 5.8 
4.2 5.8 
3.8 4.8 

~. 2 1.2 
2.5 1.2 
2.4 0.7 
2.4 1.2 
2.6 2.1 

1.7b 
10.8 b 
7.5 b 
9.1 b 

23.5 b 
16.1 b 
9.2 b 

1. 5 b 
4.2 b 
5.2 b 
6.6 b 

13.2 b 
14.0 b 
21. 7 b 

0.6 9 
1.:Z b 
1. 6 b 
1. 9 b 
6.4 ab 
3.3 b 
6.0 ab 
1. 4 b 
2.0 b 
9.3 a 
5.5 ab 

O. ,1 e 
0.6 de 
0,8 ccle 
1.1 cde 
'3.7 ab 

Ul 
U2 
U3 

FC2S 
HM2S 

3.3 5.1 
2.9 4.2 
3.4 3.7 
3.9 4.0 
3.3 4.8 
6.2 5.8 
2.8 2.6 

2.2 0.9 
2.2 01.2 
1.6 1.6 
1.9 1.5 
2.3 1.1 
2.8 1.3 
2.9 1.6 

~.5 b 
6.0 b-

49.6 a 
16.6 b 
16.2 b 

4.4 b 
7.0 b 

63..4 a 
10.9 b 
20.8 b 10.5 a 

1. 5 cde 
2.5 be 
0.6 de 
1. 2 cde 
2.4 bcd 
~.1 bede 
5.1 a 

F 1.70 1.51 0.61 1.24 3.97** 3.40** 3.76**' 6.62** 
CV(%) 39.5533.90 39.95 50.00 91.51 125.83 82.82 60.12 

------------------------------~-----------------------------

1) means ln the same co1umn followed by the same letters are 
Dot sigmficantly different at the level of 0.05 by 
Ouncan's MultIple Range Test. , 

*.** significant at the levels of 0.05 and 0.01 respectlvely. 

58 

• 



» 

f 

Table 2.30 Probabl11ty assoclated wlth the maln effect 
of manures (CFH) Clnd nltrO[!en rate (Nnl on 
ammonlum- and nitrate-N content of St Benoit 
soil at 90 and 125 days after seèding ln 1984 

o 

-------- Ammonium-N ---------- --------- Nitrate-N ----------­
Main ------------------------ Depth (cm) --------------~------------
effect 0-10 10-20 20-40 40-60 0-10 10-20 20-40 40-60, 

-------------------------------------~----------------------------------

cm 
NR 

CV(%) 

cc 
Fe 
HM 

NI20 
N240 

-------------- 90 days after seeding (8/28/1984) ---------------­
\ 

----------------------- prQbabillty ---~----------------------

0.1039 0.1090 0.4889 0.5444 0.0008 0.0017 0.0604 0.0509 
0.2197 0.8216 '0.9670 0.1557 0.0159 0.0038 0.0321 0.1402 

54.7 43.7 52( 7 48.8 59.0 55.9 61.5 61. 9 
( 

---------------------- mg N/kg soil -------------------------

6.4 7.8 3.8 3.7 5.6 Cl 5.4 b 4.4 3.5 
8.6 7.5 4.9 4.1 Il. 6 b 13.5 b 9.3 6.6 
4.5 4.8 ,3.7 3.1 25.6 a 22.9 a, 10.4 8.8 

5.6 6.6 4.2 3.1 9.6 b 8.5 b 5.6 ~ 5.1 
7.'4 6.8 4.1 4.2 18.9 a 19.4 a 10.4 a 7.6 

------------ 125 days after seeding (10/04/1984 ) -----------------

----------------------- probab111ty ----------------------------

CFH 0.1263 0.6190 0.8289 0.1563 0.2431 0.0540 0.0263 0.0033 
NR 0.7956 0.47750.93260.44020.71650.22550.0172 '0.0023 

CV(~) 38.8 39.9 39.0 61. 48 63.1 91. 4 66.7 49.9 

----------------------- mg N/kg soil ---------------------------

cc 4.7 5.7 2.4 1.0 9.2 4.7 1.4b 
FC 4.0 5.3 2.5 1.7 ' 16.3 9.9 4.1 a 
HM 3.1 4.7 2.2 1.0 12.9 17.9 4.6 a 

N120 3.9 5.5 2.4 1.1 12.2 8.3 2.2 b 
N240 4.0 4.9 2.4 1.3 13.4 13.4 4.6 a 

1) means fo11owed by dlfferent letters ln the seme column 
within the same block are significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 
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Table 2.31 Effect of man ures or urea on quantlty of ammonlum- and 
nltrate-N of St Benolt 5011 after 90 and 

125 days after seedlng ln 1984 

-----------------------------------------------~----------------------. 
----- Ammonium-N ------ -------- Nitrate-N --------

Treatment --------------------- Depth (cm) ------------------------
0-20 '0-60 0-20 0-60 

---------------------- kg N/ha --------------------------

--------~--------~--------------------------------------------------

Ctrl 
CCI 
CC2 
FCI 
FC2 
HMl 
HM2 
u1 
U2 
U3 

FCZS 
HM2S 

F 
CV (~) 

Ctrl 
CCI 
CC2 
FÇl 
FC2 
HMI 
HM2 
Ul 
U2 
U3 

• FC2S 
HM2S 

F 
CV (%) 

---------- 90 days after seeding (8/~8/1984) 

11 
13 
19 
18 
17 
10 
11 
12 
16 
18 
13 
11 

1.12 
45.2 

26 
30 
39 
42 
38 
22 
32 
27 
31 
41 
30 
28 

1.09 
37.8 

", 

lOd 
15 d 
9 d 

17 cl 
38 cd 
28 cd 
79 abc 
17 d 
61 bce! 

132 a 
24 cd 
95 ab 

4.43** 
85.7 

30 deI 
40 de 
24 e 
41 de 
93 bcde 
58 cde 

143 ab 
54 de 
99 bcd 

168 a 
63 cde 

128 abe 

4.62** 
56.2 

125 days after seedlng (10/04/1984) '---------
1 

10 abcd 18 
Il abc 20 
12 ab 20 
11 abc 20 
10 abcd 21 

9 bcd 17 
8 cd 6 
8 cd 16 
9 bcd 17 
9 bcd 17 

13 a 23 
6 d 17 

2.41* 1.46 
"27.1 20.3 

4 b 
16 b 
14 b 
17 b 
40 b 
34 b 
35 b 

8 b 
14 b 

126 a 
30 b 
41 b 

4.09** 
~ 101. 0 

6 C" 

21 be 
20 be 
25 be 
65 be 
46 be 
56 bc 
13 e 
22 be 

154 a 
49 be 
79 b 

4.77** 
80.9 

1) means within the soil in the same eu1umn fo11owed by 
the same letters are ~not significant1y different at 
the leve1 of 0.01 by Duncan's Multiple Range Test. 

*.** significant at the levels of 0.05 and 0.01. respective1y. 
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Table 2.3~ Probabi1ity assoclated wlth the main effect of 
nitrogen rate (NR) and manures (eFH) on quantlly 
of ammonium- and nltrate-N of St Benolt sOlI 

, after 90 and 125 days ~fter seeding in 1984 

-----------------------------------------------------------,---

Main 
effect 

CFH 
NR 

CV(~) 

CC 
Fe 
HM 

N120 
N240 

'CFH 
NR 

CV(%) 

CC 
Fe 
HM 

N120 
N240 

------ Ammonium-N ------ ------- Nitrate-N -------, 
----------------- Depth (cm) -----------------------

0-20 0-60 0-20 0-60 

--------- 90 days after seed1ng (8/28/1984) ----------

----------------- probabi1lty ------------------

0.0573 
0.3588 

40.2 

0.1294 
0.3314 

35.4 

0.0008 
0.0058 

54.9 

0.0067 
0.0168 

55.0", 

------------------ kg N/ha --------------------

16 34 12 b 3~ b l 

18 40 "28 b 67 ab 
10 27 53 a 101 a 

14 31 20 b 46 b 
16 36 42 a 87 a 

---------- 125 days after seeding (10/04/1984) ----------

---------------- probability -------------------

0.1925 0.1484 0.0417 . 0.0071 
0.6690 0.9313 0.2268 0.0329 

30.1 21. a 53.9 44.4 

--------------- kg N/ha -------------------

12 
10 

9 

11 
10 

20 
21 
17 

19 
19 

15 b 
29 ab 
34 a 

22 
30 

20 b 
45 a 
51 a 

30 b 
47 a 

1) means followed by different letters in the same column 
within the same b10ck are slgnificantly different 
at the 1eve1 of 0.05 by Duncan's Multiple Range Test. 
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The residual effect of the treatments on 5011 N03-N contents and 

N03-N accumulatIons ln the sOlI profile measured after the wlnter were 

not Slgnificant (Tabllès 2.23 and 2.24) . 
.' 

In 1984, treatment effects were reflected ln 5011 N03-N contents 

(Tables 2.24-2.32). One month after treatment applIcatIons (June 27, 

1984), the U3 treatment had the highest N03-N content at 116 mg N/kg 

sail at 0-10 cm depths, followed by the HM2, U2, HM2S, HMl and Ul 

treatments wlth values of' 110, 91, 79, 69 and 68 mg N03-N/kg solI, 

respectlvely. These values were Sl~lflcantly more than that of the 

control, which had 25 mg N03-N/kg soil. The s~e tendency was observed 

at 10-20 cm. There was no eVldence sugg~sting slgnIflcant treatment 

effects on N03 -N contents at depths of 20-40 and 40-60 cm (Table 2.25). 

Slgnificantly more N03-N accumulation ln the,entire soil profile was 

found with the U3, HM2S, HM2 and U2 treatments, compared wlth the 
" 

control (Table 2.27). TPe N03-N content associated with the HM treatment 

was s;ignlf~cant ly hlgher than contents of CC and FC rnanure treatments ln 

the top 

resultéd 

2.28) . 

10 cm sail (Table 2.26). Higher manure applIcatIon rates 

~ 
ln more N03-N accumulation in the, top ,20 cm of 5011 (Table 

Sampling conducted in July (July 26, 1984; Table 2.25) indlcated 

significantly hlgher N03-N contents were found with the HM2, FC2, U2, 

Fel and U3 treatments at 0-10 cm depths, and with the HM2S, FeZ and FC2S 

treatments at 10-20 cm, compared with the control at each depth. At 

depths of 20-40 and 40-60 cm, treatment effects remained non-significant 

(Tabl~ 2.25). A significantly greater NÛ3-N accumulatIon over the 
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control in the entire soil proflle was noted with the FC2, HM2S, and HM2 

• treatments (Table 2.27). Among the three manure sources, HM and Fe 

manures gave sign~ficantly higher N03-N contents in the upper sOlI 

layers ~d in the entire soil profile than dld CC manure. Higher manure 

application rates resulted in higher N03-N accumulations (Table,2.26 and 

2.28) . 

Three months after treatment applicatlotls (August 28. 1984), 

signlflcantly higher N03-N contents over the control were assoclated 

with the U3 and HM2S treatments at the 0-10 cm layer, with the U3, HM2 

and HM2S at the 10-20 cm layer (Table 2.29), and wlth the HM2'aAd FC2 at 

the 20-40 cm layer. 
if? . . 

N03-N contents of 40-60 cm soil depths were not 
f\ 

significantly affected by t~ftatments (Table 2.29). The highest ~03-N 

accumulation in the top 20 c~ soil was with the U3, followed by the HM2S 

and HM2 treatments, aild the controI had the lowest N03 -N accumulatlon, 

but was not significantly lower than the CC, FC, HMl, Ul, 'U2 and FC2S 
, 

treatment. In the top 6'0 cm solI, 

accumulatlon than the control was found with the HM2, HM2S and U3 

treatments (Table 2.31). Comparison amorig the manures indicated 

significantly higher N03-N contents or accumulations were found wlth HM 

treatments. ! Higher manure application rates resulted in higher N03-N 

contents or accUmulations in the soil profile (Tables 2.30 and 2.32). 

By the end of the growing s~ason (October 4, 1984) at depths of 0-

10 and 10-20 cm, ouly the U3 treatment had slgnificantly higher N03-N 

contents or accumulations compared with the control. At 20-40 cm, higher 
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NO:! -N contents were' associated with the BM2S, ,FC2, m42 and U3 

treatœents. The highest NÛ3-N accumulat10n in the sail profile was with 

the U3 treatment, followed by the.HM2S treatment. The lowest NOb-N 

content was found with the control (Tables 2.29, 2.31). HM and Fe manurr 

treatments resulted in higher NOb-N contents or accumulat10ns at thè 
1 

lower depths, compared to CC manure, and higher manure appllcati9D rates 

resulted 1n significantly higher N<h-N acccUDtUlations, (Tab~es 2.30 and 

2.32) . 

2.4 DISCUSSIOII 

2.4.1 SoU water retention, or){aoic _tter 
content and bulk density 

The effects of CC and FC treatments on conservation of sail water 

were greater than HM and U treatments. This was probably due ta higher 

contents of straw bedding, or of organic matter in CC or FC man ures than 
• 

in HM. Thus CC and FC manures would have had a greater mulch1ng effect. 

This ia consistent with results of Unger and Stewart (1974), who 

observed larger reductions in evaporation at higher rates of feedlot 

, waste. 
\, In the field increased effective moisture content ~t~dded 

.anure has been noted by Hoyt and Rice (1977). On the other h~d, lower 

moisture contents associated with HM plots could also be attributed to 

the greater crop growth extracting more water. 

Also, high s'oil watel' retention resulting from manure application 

bas been related to changes of sail conditions, ~uch as decreasecl bulk 
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denslty and lncreased organlc matter content (Kha1ee1 et al. 1981). In 

/ 

the exp~rlment reported here, howevet, 5011 organlc matter and soi1 bulk 

density were not Slgnlflcant1y dlfferent among the treatments. ThIS was 

probably due to low loadlng rate~ of manure, and a sampling depth of 5-

13 cm, whlch wou1d not have picked up aIl the applled manure. Assuming 

applied organic matter deco~posltion at the rate of 40 to 50~ during the 

first.year of appllc~tion, 10 to 20% the second year, and 5% the thlrd 

year (Pratt et al. 1976), no more than 20 tonnes/ha of applied organlc 

matter durlng the three years remained ln the 20 cm tliled surface sail 

at the time of sampling, or less than 1% of the soil. Thus the Impact of 

.anures on soil organic matter and bulk density would be expected to be 

minimal. > On the other hand, man ures were disked into the sOlls to a 

depths of 15 cm, and experimental plots were ploughed to 20 cm every 

fall. Thus the effects of man ures on sOLI propertles may have decreased 

w'ith increased depth of h llage as noted by Tiark et al. (1974) due to a 

dillutlon effect. 

2.4.2 Soil mine,ral N 

. 
Soil NIta-N levels were affected by soil texture. For example, on 

the Chicot soil with a finer texture, higher NH4-N was fOUnd wlth higher 
, 

applicatIon rates of cow manure (CeZ and FC2), compared with HM or urea, 

while on the St Benoit soil with a coarser texture, treatments aÏ higher 

rates of composted cow manure (cez) , hog manure (HM2) and the hlgh~st 

rate of urea (U3) resulted in significantly greater quantitles of NH4-N 
)L 

in the soil profile than with fresh cow manure (FC). This effect was 

attributed to the more rap~d decomposition of manures or hydro1ysis of è 
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" 
,urea in the coarser textured sail than 10 the finer textured soil. 

< 

Treatment effects on sail 'NIf4 -N disappeared one month after manure or 

urea application, indicating most of the N was converted to N03-N, as 

noted in other studies (Quisenberry et al. 1981). Also, ammonia 

volatilization from the applied manures or ures could have conttibuted 

ta NH4-N 105s (Chin and KroontJe 1962; Elliott et al. 1971; Lauer'et al, 

1976; and Makarov and Gerashenko 1981) . 

. 
Fresh cow manure spread on soil surfaces (FC2S) gave slightly lower 

" soil N03-N contents than cow manure incorporated into 5011 (FC2) at both 

research ~ites, indicating that vo1ati1ization of ammonia N contalned i~ 

the manure may have occurred (El1iott et al. 1971; Lauer et al. 1976; 

Beauchamp et al. 1978; Beauchamp et al. 1982; Hutchinson et al. 1982; 

1 
Beauchamp 1983). 

The residua1 effects of manures or urea applied in 1983 on 5011 

N03-N content in 1984 were not slgnlficant. For example, on St 8eno1t 

sail, among the treatments, significantlY.different N03-N contents 

o detected in September of 1983 were not evident in the spring of 1984 in 
t 

l spite of th~ higher NOa-N contents found in the spring of 1984. The 

~ higher N03-N cont~nts after the winter season wére attributed to 

j , 
! 

mineralization of organic N and nitrification of NH4-N during the Ïal1 

and winter seasons (Campbell and Biederbeck 1982; Malhi and Nyborg 1983). 
~ 
! 
l. 
, Soil with finer texture may have increased the adsorption of NH4-N, .. ' 
, 

'. 
1 because of lar-ger adorption capaci ty. Nitrification, thus, may have 
;. 

f been delayed. 
" 

Delayed nitrification was evidenced by the fact that a 
.! 
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relatively high accumulation ofo NÛ3-N in the sail profiles occurrfd one 
l> 
and two .anths after treatment applications ta the St Benoit and the 

Chicot sail, respectively. 
1 

/ 

On the Chicot sail, signif,icantly more NÛ3-N in the soil profile 

was associated wi th the Ifil2S,I treatment late in the growing " seasorl(,,-; ,. 
cOJlP8I"ed with 

!' 
th~ treatments of cow manure left on the sail 

, 
surfaait 

, 
(FC2S) . and hog manure incorporated"~nto the sail (8M2) probably due to 

, . 

greater nifrification and less denitrification in the HM2S plot than in 

the FC2S and 8M2 plots. On the St Benoit sail, however, this phenomena 

was less evident. These observations revealed that to increase" N for 

crop utilization, aanure in s01id state shou1d be incorporated into the 

soils, whi1e manures in liquid state could,be spread 'on the surface of 

e 

--.~--- soils wi th finer textures. 

Soils with urea at more than 120 kg N/ha had equivalent or greater 
, 

~-N levels ta .anures at higher N application rates. For example, NQJ-

,N accu.ulation in the St Benoit sail with the U3 treatment was as much 

as 2 ta 3 ti.es those of other treatments, measured at the end of the 

growing sesson (October 4, 1984). This was not consistent with the 

findings of Bvans et al. (1977), who indicated that sail with beef 

.anure was consistently higher in NQ3-N content than soil with solid 

beef aanure, 1iquid hog .anure and a..oni~ nitrate ferti1izer. 

Righer l18Dure application rates gàve signiiicantly more NÛ3-N in 

... 
bath soils- than the lower rates at the end of growing sesson. Lower 

application rates, thus, would be preferred, considering NÛ3-N as a 

potential ground' water pollutant (Ito and Miyazawa 1984). 
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Precip1 tat ion 
~.mm) 

" .. --. 

" 

Period Precipi tat 10n 
(mm) 

Period' 

. ' ------------------------------------------------------------

15/06-13/07 
14/07-16/08 
17/013-:30 :09 
1/10-31/12 

-Tot~l' 
---';"'"---:------

'1 

<, 

" 
" 

J ~ 

\ 

45.4 1/01-26/04 177,0 

11.1- 27/04-18/05 64.0 
91.8 1cJ/f)'5-28 '05 ']f,,4 

312.1 29/05-2(/06 
"\ 110. '~ 

28/06-26/07 8'5,2 

'2.7/07-28/08 114.0 
29;08- 4/10 61.1 

'527.0 648.9, 
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LeaçhlOg of N03 -N fr'om the ,various treatments and nl. tnflcat lon of 

NH4-N were obvious through the growing season in the St BenOl t 5011, 

where only in the upper layers was the 5011 NÛ3-N content significantly 

affected by the treatments in the early season. With the lncrease in 
f 

cumulative precipitation with tlme (Table 2.33), soil N03 -N content of 

deeper soil layers varied with the treatments. More N03-N was found at 

lower depths in U or HM plots than ln the control, and CC, or Fe manure 

plots, perhaps due to less organic matter contained in the hog manure 

used in thls research and to the fact that there was' no addi t lon of 

organic material to the urea plots. 

NÛ3-N leaching problems have been recognized by Many people 

(Adriano et al. 1~71; Evans et al. 1977; Lembke and Thorne 1980; Cooper 

!3t al. 1984). Thus to reduce the pollutl.on potentlal and to hmlt N 

losses by leaching, i t was suggested that N applicatlon rates of anlmal 

wastes be based on the same criterla as those used to determlne N 

additions of mineraI fertilizers (Quisenberry et al. 1981). 

2.5 CONCLUSIONS 

Sail moisture was significantly higher following applications of 

semi-solid cc and Fe, especially when it was applied on the soil 

surface, compared wi th the control, HM or U treatments. Sol! organie 

matter contents and bulk densities at the depth of 5-13 cm were affected 

little by the treatments, probably due to the low manure application 

rates. 
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'1fmure or ures additions Increased sail N'H4-N content only briefly 

after tr~at_nt application, but soil N03-N contents or aCCUllUlations 

were increased by application of lIanures or urea. Obvious NO:J-~ leaching 

was observed on both soils. On the St Benoit soll, urea applied at the 

rate of 180 kg N/ha was found to have a greater potential for NO:J-N 

ac~lation than liquid hog manure or cow manure at the rate of 240 kg 

Hlha. Manures ranked in decreasing order as to NOJ-N accumulatIon were 

\ 
as follows: HM ) Fe > cc. ,Higher N levels wlih the St Benoli soil, 

coapared wlth the Chicot soll, indlcated N applied to the coarser 

texture soil had grester potential to 1ncrease N03-N level and po~slble 

porlution of ground water than N apphed to the flner texture solI. 

Experimental data also suggested that liqUld manure should be 

. spread on the surface of 50115 wlth f1ner textures in order to avol.d N 

losses. For coarser textured soils, either incorporatIon or surface 

applicat ion could be adopted for l18Dure IIBDsgement. 
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10 Chapter 2, the effects of an i.JIa l, lI8Ilures jr uree on soil aweral 

N. soil weter retention capacl~Y, bulk denslty and organic matter 

content were discussed. Thus, lt seemed loglcal to dlSCUSS the lmpact of 

these properties on plant growth. In Chapter 3, crop Ylelds, N uptake 
~ 

and cUIlUlative effect of manures and ures on dry-mat ter Ylelds and 
1 

nutrient uptake will be discussed. 
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Cbapter 3 

Bffect of Jl8Dures or ures on corn dry 
.. tter yields and nutrient uptake 

Experlments have shown that man ures can be more effeçtlv~ than 

" Inorganlc ferhllzers ln lncreaslng crop Ylelds (Cope et 1'1'58. 

B1Shop et al. 1964. Dubetz et al. 1975). Growth and dry matter Ylelds 

of corn and ryegrass lncreased !lnear1y with Increaslng farmyard manure 

(rYM) appilcation rates up ta 200 t FYM/ha wIth, however, a slmu1taneous 

deflciency ln Ca and Mg (Evans et al. 1977; Ho and Mlyaz3wa 1984). 

Manure appl1.catlOns of 22 t/ha annually supphed sufflclent elements' for 

maxImum crop ylelds on a Pullman loam 5011 (Mathers and Stewart 19B1). 

In other studles, however, manure resu1ted in lower crop Ylelds than 

inorganic fertillzers (Hoyt and Rice Ig77; MIller and MacKenzie 1978). 

Comparisons made among manures have lndlcate'd that yields with beef 

manure were higher than with hog manure, and liqUld manures were more 

effective than solid manures although reasons for these dlfferences 

were not clear (Evans et al. 1977; Miller and MacKenzie 1978). 

Different manures have different properties (Loehr 1974; Peng and 

Pei 1979). The process of manure storage or compostlng has been 

" indicated to be accompanied by great N losses (Vanderho1m 1975) 1 but 

composted manure normally has a C/N ratio of about 15/1 (Sing1ey et al. 



L 

1975; Stombaugh and WhIte 1975), Indlcatlng that no problems should be 

encountered wlth plant N deficiencies when the composts are added to 

SOLI. Thus dlfferent1y treated manures may be expected to have dlfferent 

effects on crop growth, when they are appl~ed at the sarne N levels. Crop 

nutntlon status can be reflected in the analysis of the composition
c 

of 

plant tIsaue. 

For evaluating SOLI fert111ty and estlmating corn Ylelds, nutrient 

compOSItIons of ear leaf of corn have been related to Ylelds. Tyner 

(1946) proposed crltlcal nutrient concentratIons of 2.90% N, 0.295% P 

and 1.30% K on a 6.6% moisture haslS for the 6th leaf from the plant 

base seIeçted at s11king. Melsted et al. (1969) consldered 3.0% N, 0.25% 

P and 1.90~ K, 0.40~ Ca and·O.25~ Mg for the ear Ieaf at tasselllng. 

However, for a given persentage of N in the Ieaf~ Yields may vary 

markedly among experiments, even when leaves from the sarne hybrid at the 

sarne stage 'of phYSlological development are selected for sarnpling (Vlets 

et al. 1954). However, ear leaf studies can lndicate potentlal nutrlent 

deficiencies, or nutrient interactions that are not eVldent otherwlse. 

Thus, based on information in the literature, it was decided that 

the objectives of this research were to study : 

1. Nutrient concentrations of ear leaf as affected by different N 
sources and rates. 

2. Dry-matter yields and N uptake by corn grown on plots amended 
with various manures or urea. 

-4 

, 3. Cumulative effects of manures or ure a on dry-matter yields and 
nutrient uptake. 
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3. 2 MATERIALS AND METHODS 

3.2.1 Field arrangement 

Chicot sOlI an~ St Benoit soil, fresh CFC) and composted S011d cow 

(ec) manure, llqUId hog man ure (HM) and urea (U) as N sources, were 

used. The characterIstics of the soils, and man ures and the experlmental 

methods were described in Chapter 2 (Tables 2.1, 2.2 and 2.3). 

3.2.2 Sampling procedure 

Plant samples were taken on July 16 and August 17, 1983, and June 

16 and July 16, 1984. Two plants sele'cted at random from the slde rows , 

of each plot were sampled for total N content and dry matter 

accumulation determlnatlons. In 1984, at the silklng stage, a dozen corn 

ear leaves from the two slde rows of each plot were taken for leaf 

composition analysis. For computing the final dry matter yields (DMY) 

and nutrlent uptake, plants from the centre 3 m of th~ centre two rows 

in each plot were harvested uslng a mechanical forage chopper. 

3.2.3 Laboratory analysis 

Corn tissue samples were oven-dried at 80o e, and ground ln a 

stainless-steel Wiley mill ta pass a 0.2 mm mesh sieve prior to 

digestion. The wet digestion method outlined by Thomas et al. (1967) was 
( 
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used. N and P were determined colorlmetrically (Thomas et al. 1967), K. 

by flame photometer (Thomas et al. 1967) , and Ca and Mg by atomlc 

absorption (Hunter 1974). 
<l 

Duncan '5 multiple range test was employed to locate differences 

among the 12 treatments. Furth~r, the CCl, CC2, FCl, FC2, HMl,'and HM2 

treatment resul ts were analysed statlstlcally as a' 3 X 2 factorial 

experiment (Steel and Torrie 1980). 

To discuss the cumulative effect of macures or uree on DMY or 

nutrient uptake. the effect coefficient of treatment (ECT) was deflned 

as follows: .. 

ECT = Prt 1 Pre 

where Prt was DMY or Dutrient uptake from each treatment in each 

replicate, Pre was DMY or nutrient uptake from the control plot withln 

~ach replicate. The advantages of introducing ECT were to control the 

yield, variations among years and sites due to varlations in weather, 

plant population, seeding date, and management practices. The values of 

ECT are dimensionless. 

3.3 RESULTS 

3.3.1 Bar-1eaf ca.position 
, \ 

The ear-lesf N crntent ranged from 2.38% 'to 2.94% for corn grown on 

the Chicot soil, and from 2.93% ,to 3.34% for corn grown on the St Benoit 
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soli (Table 3.1). Leaf. N contents assoClated IVlth the 1'') dnd HM2S 

treatments an the ChIcot 5011 were SIgl1lficantly higher than those from 

the control, FC2S, CCI and FCI, treatments. There was no slgmflcant 

treatment effect on corn ear leaf N content on the St BenoIt SOLI. 

SlgnIfl~antly higher P levels of ear leaves were noted wlth the 

HM2, HMI, HM2S,· U2, FCI, FC2 and FC2S treatments on the ChIcot sod over 

the control, and wlih the HM2!?, FC2S, CC2, FC2 and HMI treatments over 

the control on the St BenoIt 5011 (Table 3.1). 

L~est K contents were found w!th the Ul treatment on the Chl~C)t 

SOLI, and with the HM2 treatment on the St BenoIt sOll (Table 1.1'. On 

the Chicot soil, ear Iea~ K contents assocLated wlth the CC2 and FC2S 

treatments were slgrnflcantly hlgher than those assoclated wlth thf~ 

~, ~ r' t l Icon ro , 
i" 

U2, U3 and UI treatments, while on the St BenoIt sail, no 

significant difference was found between any of the manured or urea-N 

treatments and the control. However, ear l~af K contents of corn 

recei ving the CCI, FCl treatments were slgnificantly hlgher than those 

of the HM2, UI, U2, U3 and HM2S treatment on the St Benoit 5011. 

Leaf Ca contents were generally Dot affected by the treatments 

(Table 3.1). Significantly higher leaf Mg contents were found with the 

U2, UI and HM2S treatments, compared with the FC2, HM2, HM2S treatments 

on the Chicot soil. Treatment; had no significant effect on corn ear 

leaf Mg levels on the St Benoit soil. 

Comparison among manures indicated that on the Chicot sail, HM 

treatments resulted in significantly higher leaf P contents than cc or 
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Table 3.1 Effect of man ures or urea-~ on composltlon ,)f 
corn .ear leaf at sllklng sta{!e ln 1984 

N p K Ca Mg 
Treatment 

----------------------- , -------------------------

------------------ Chlcot so11 ----------------------

Ctrl 2.40 Cl 0.32 e 1. 85 be 0.70 0.37 ab,'·:! 
CCI 2.60 bc 0.35 bcde 1. 91 abc 0.56 0.36 bcde 
CCZ 2.77 ab 0:15 bede 2.08 a 0.65 0.36 bçtie 
Fel 2.62 be 0.36 abcd 1.% 3bc 0.69 0.35 cnpf 
Fe2 2.77 ab 0.36 abed 2.0~ ab 0.61' 0.12 ef 
HMI 2.7R ab 0.38 ab 1.9 abc 0.81 0.37 abrd 
HM2 2.84 ab 0.39 a 1. 95 abc 0.62 0.34 ùef 
VI 2.75 ab 0.33 de 1.75 e 0.67 0.39 ab 
U2 2.94 a 0.37 abed 1. 80 be 0.87 0.40 a 
f:3 2.83 ab 0.34 cde 1. 86 bc 0.71 0.37 abcd 

FC2S 2.38 c 0.36 abcd 2.09 a 0.52 0.11 f 
HM2S 2.92 a 0.18 ab 1. 93 abc 0.6'3 0.38 abc 

F 4.09** 3.18** 2.42* 1.18 4.74'u 
CV' f 0 ' 6.6 6.3 6.8 28.1 7.0 01 

----------------- St Benolt 5011 ------------- -----

Ctrl 2.93 0.29 d 2.20 ;}bcd 0.71 0.1'1 
CCI 3.01 0.30 bcd 2.32 a 0.64 0.18 
'GC2 '3. 26 0.32 ab 2.20 abçd 0.70 0.20 
Fel 3.11 0.30 bcd 2.32 a 0.65 0.18 
FeZ 3.30 0.32 ab 2.31 ab 0.66 0.18 
HMl 3.23 0.32 ab 2.22 abed 0.82 0.19 
HMZ 3.22 0.31 abcd 2.11 d 0.83 0.21 
Ul 3.10 0.30 bcd 2.16 cd 0.79 0.21 
U2 3.18 0.30 bcd 2.12 d 0.83 0.18 
U3 3.14 0.30 bcd 2.17 bed 0.74 0.17 

FC2S 3.31 0.33 a 2.30 abc 0.66 0.19 
HM2S 3.34 0.33 a 2.14 d 0.82 0.20 

F 1.26 3.09** 3.10** 1.99 1. 10 
CV (%) 7.1 5.3 4.1 14.8 11.8 

-------------------------------------------------------
1) means of the same soil in the seme eo1umn followed by 

the s~e letters are not signifieantly different at 
the level of 0.05 by Dun~an's Mu1tlple ~rulge test. 

*,** signifieant at the leve1s of 0.05 and 0.01 respective1y. 
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Fe manure treatments (Table 3.2). Corn recelvlng higher manure 

applIcatIon rates was hlgher ln ear leaf.N and Mg contents. On the St 

Benoit sOlI, FC manure treatmerits were mor.e effectIve ln ralsing leaf K 
.\ 

content than HM treatments, while signlficantly hlgher leaf Ca levels 

. were found wlth HM treatments. compared wiU/~C or Fe man ure 

treatments. 

By correlatlng final DMY with nutrient contents of.com ear leaves. 

it was shown that slgnlficant partIal correlatIons eXlsted between DMY 

and N content of corn ear leaves on the ChIcot 5011 (r=O.58, p=O.OQOll, 

and P content of corn ear leaves on both the ChIcot 5011 (r=O.38. 

p~O.0077) and the St BenoIt sail (r=O.52, p=O.0002). 

3.3.2 N uptake by corn 

,. ." 
In the followlng sections. the ward "corn" refers ta total corn 

above the ground. 

Chicot Sail 

In 1983, corn grown on the CCI and U3 plots had slgnlficantly 

higher N contents measured 26 days after sowing. compared with that on 

the control, CC2 and FC2 plots (Table 3.3). The ~ contents of corn 

determined 61 days after sowing in 1983 were not significantly different 

among manure or urea plots, but a significantly higher N content was 

noted with the U2 treatment, compared with the control. By harvest time 
/ 

in 1983;' corn N contents associated with the U2 and HM2S treatments 

\ 
significantly exceeded those of the control and CCI. FCI, FC2 and FC2S 

{ 
78 



( 

\ 

( 

--- -.--"- .-_ .. -._-._-----;>'.--'"""""........,-------~-----------:~--------

"'Jo'" ,.' 

Table ? ry J._ . . 
Probabihty - <ûssociated wtth the maln effcct of 
man ures (CFH) and nitrogen rate (NA) on corn ear 
1eaf compos~tlOn at sllki.ng stage ln 1984 

---_...!_------~--,--------------~---~------------------ \ 
~in effect 

CFH 
NR 

cv (-.) 

CC 
FC 
HM 

N120 
N240 

CFH, 
NR 

CV (~) 

CC 
FC 
HM 

NI20 
N240 

N p K Ca 

----------------- Chicot sOlI ----------------- -.---

-~----------------

0.1737 
0.0419 

5.2 

0.0081 
0.3725 

4.9 

probabl11ty --------------------

0.6383 0.4622 
0.2089 0.4911 

7.8 25.9 

0.0748 
0.043fl 

5.9 

------------------------ ~ -------------------------

2.68 O:35b 1.99 0.60 0.36 
·2.69 0.36b '1.98 0.71 0.33 
2.81 a.38u 1. 92 0.'71 0~35 

2.66b1 0.36 1. 92 0.68 0.36a 
2.79a 0.37 Z.01 0.63 0.34b 

----------------- St Beno:J.t solI -------------------

------------------ probab~ h ty -------------- --------

0.5983 0.6978 0.0231 0.0156 0.1118 
0.0873 0.1249 0.0520 0.5519 , 0.1267 

6.1 4.4 4.3 15.9 10.'0 

---~------------------- % -------------------------

3.13 0.31 2.26ab 0.67b 0.19 
3.21 0.32 2.32a 0.65b 0.18 
3.23 0.31 2.1Th 0.83a 0.20 

3.12 0.31 2.29 0.70 0.18 
3.26 0.32 2.21 0.73 0.20 

0 , 
------------------------------------------------

1) means follwed by different letters ln the same column 
within the same block are significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 
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Tab le 3.3 Êffect of manures or urea on N con t èn-r- of 

corn 4uring 1~~3 and 1~84 

. 
Treatment ------ Chicot 5011 -~----- -------- St Benoit 5011 -------

-------------------------- ~ -----------~-----------------

--------~---------------------------------------------, 

-------------- Days after seeding (1983) -----------------
26 61 97 27 61 97 

Ctrl 3.14 bel 1.72 b 1.4'1 bc 3.22 b 2.04 c 1.36 d 
Cel 3.63 a 1.88 ab 1. :J5\ c 3.39 ab 2.24 bc 1. 70 bc 
cez 3.12 bc 1.82 ab 1.53 abc 3.13 b 2.20 bc 1. 66 bc 
Fel 3.32 abc 1. 88 ab 1. 38 c 3.68 a 2.25 bc 1. 63 be 
FeZ 2.89 c 1.93 ab 1. 36 c 3.39 ab 2.18 bc 1.55 c 
HMI 3.28 abc 2.02 ab 1.53 abc 3.46 ab 2.35 ab 1.80 ab 
HM2 3.20 abc 2.36 ab 1. 57 abc 3.71 a 2.36 ab 1. 80 ab 
Ul 3.21 abc 1. 99 ab 1. 56 abc 3.33 ab 2.'33 ab 1. 70 bç 
U2 3.24 abc 2.55 a 1.63 a 3.38 ab 2. '3 fi ab 1. 74 abc 
U3 '3.65 a 2.25 ab 1. 58 abc 3.41 ab 2.50 a 1.93 a 

FC2S 3.24 abc 1. 96 ab 1.41 be 3.22 b 2.21 bc 1.58 c 
~S 3.56 ab 2.24 ab '1.63 a 3.72 a 2.36 ab 1. 84 ab 

F 2.66* 3.88** 2.96** 2.13* 2.79* 5: 72** 
cv (·0 ) 8.4 12.5 8.2 7.8 ~i\ 7.5 

------------ Days after seedlng (1984 ) -. ---------------
40 69 120 40 69 120 

Ctr1 3.05 " 1.29 d 0.92 2.78 d 1. 51 cl 0.94 
Cel 3.09 1. 31 d 1. 01 2.-79 d 1.66 cd 1. 1-1 
'ce2 3.25 1.44 cd 1. 07 2.94 abcd 2.15 ab 1. 14 
Fel 3.15 1.35 d 0.99 2.93 abcd 2.0'3 abc 1.16 
Fe2 3.10 1.46 bcd 1. 05 3.15 a 2.13 ab 1. 16 
HMI 3.2!J 1.36 d 1.11 2.97 abcd 2.05 abc 1.28 
HM2 3.34 1.60 abc 1.11 2.82 cd 2.24 a 1. 27 
UI 3.26 1.34 d 1.05 2.86 bcd 1. 77 bcd 1.02 
U2 ,3.53 1. 70 a 1. 09 2.81 cd 2.05 abc 1.23 
U3 3.22 1.42 cd 1. 32 2.86 bcd 2.00 abc 1.16 

Fe2S 3.01 1. 37 d 1.05 3.06 abc 1.98 abc 1.10 
HM2S 3.43 1.66 ab 1.12 3.10 ab 1.99 abc 1.18 

F 1.40 3.84** 1.80 2.50* 2.78* 1.48 
CV (%) 8.2 9.9 13.3 5.6 12.9 12.8 

------------------------------------------------------------~--------

1) means of the same year in the same column followed by 
the same letters are not significantly dlfferent at 
the level of 0.05 by Duncan's Multiple Range Test. 

*, ** sigmficant at the leve1 of 0.05 and 0.01 respect l ve ly. 

80 

, 

r 



i 
'1. 

! - ( 
1 

1 

, 
L 

• 

, -

\' 

-
treatments (Table 3.3). 

• ' jl.. .. 

In lst84, there were no significant differences in N contents among 
g 

treatments, analyzed 40 days after sowing (Table 3.3). Treatment effects 

on ,corn N content became apparent two months after sowing as indicated 

by significantly higher N contents of corn from the U2, HM2S and, HM2 

treatments compared ta those from the control, CCI, Fel, HMl, Ul and 
o , 

FC2S treatments. No significant· treatment effects on final corn N 

content were detected. The differences between the FC2 and FC2S and 

between the FM2 and HM2S were s~all, indicating that manure application,. 

methods had no effect on corn N content. However, significantly higher N 

c.ontent 
1 It 70 

was noted wit~ the HM2S treatment than with the FC2S 

days after plan~ing, indicatïng HM was more effecfiye 

manure when they both were applied on the soil surface. 

treatment 

than FC 

Final N uptake values by corn were significantly affected by the 
o 

treatments. In 1983, the highest N uptake was from the HM2S plots, the ' 

lowest from the FC2S. The N uptakes of greater than 215 kg N/ha for the' 
. 

HM2S, U2, U3, CCZ and 8M2 treatments, were significantly more thari those 

for the control, CCI, FCl t F~? and FC2S treatments, which were less,than 

171 kg N/ha (Table 3.4). In 1984: !'tte highest N uptake was 210 kg N/ha 

with the U3 plots, and the lowest 108 kg N/ha with the )control. N 

uptakes from aIl manured or urea applied plots except for the FC2S plot 

were significan:t.!y higher than the control, and N uptake from the U3 

plot was much higher than that from the CCI, FCl, Fe2, UI and FC2S 

treatments. 
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..,. Table 3.4 Effect of manures or ure a on N uptake by corn , 

( ----------------------------------------------------------..... 
.; 

Treatment ----- Chlcot soil ----- ------ St Benoit sOlI ------
---------------------- kg/ha ------------------------

___________________________ .t.. ________________________________ 

-------------- Days after seeding (1983) -----------_ ..... _-
26 61 97 26 61 97 

Ctrl 9.8 128 152 del 4.5 d 111 c llgc 
Cel 10.2 140 171 cde 5.6 bed 154 ab 193 ab 

i .. CC2 10.0 126 216 ab 7.1 ab 154 ab 191 ab 
~ FCI 8.6 143 167 cde 7.5 abcd 139 be 174 ab 

FC2 7.6 139 164 cde 6.5 abcd 145 b 192 ab 
HMl 8.9 182 188 bed 8.9 ab 186 a 188 ab-
HM2 10.4 180 215 ab 10.0 a 160 ab 214 a 
Ul 10.0 142 199 abc 5.1 cd 141 cd 157 b 
U2 11.3 189 223 ab 6.7 abcd 142 be 173 ab 
U3 9.0 175 217 ab 7.2 abcd '170 ab 192 ab 

FC2S 7.5 168 143 e 5.4 bcd 137 bc 169 b 
HM2S 12.9 186 234 a 8.3 abc 186 a 19'5 a 

F 1. 75 1. 83 5.35** 2.27* 4.44** 3.75** 
CV (~) 23.7 24.1 13

0
.9 30.5 13.4 13.9 

. 
--------------- Days after seed10g (1984) ---------------

40 69 120 40 69 120 

Ctrl 23.3 79 108 d 5.8 c 76 de 92 d 
CCI 27.8 79 .149 bc 7.0 c 70 e 144 be '\ 

CC2 30.8 131 176 abc 6.8 c 84 de ln abc 
FCI 23.8 100 154 be 6.5 e .95 cde 172 abc 
FC2 21.4 1"" ... w 152 bc 9.2 be 145 ab 182 ab 
HMl 30.2 98 187 ab 7.9 be 128 abc 161 abc 
BM2 39.7 114 184 ab 14.2 a 155 a 205 a 

U1 31.1 97 165 be 7.0 e 99 cde 130 cd 
U2 34.7 125 175 abc 7.9 be III bcd 161 abc 
U3 26.8 III 210 a 6.4 e 109 bede 142 be 

FC2S 18.7 94 135 cd 9.0 be 131 abc 165 abc 
RM2S 30.7 112 182 ab 12.8 ab 155 a 190 ab 

F 1.69 0.93 4.72** 2.66* 5.71** 3,92** 
CV (%) 32.1 33.3 15.1 38.3 22.0 17.4 

------------------------
1) means of the same year in the same eo1umn followed by 

the same 1etters are not slgnlficantly different at 
the level of 0.05 by Duncan's Mutiple Rartge Test. 

. *, ** signifieant at the leve1s of 0.05 and 0.01 respectively . 
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St Benoit Soil 

"';1 
Cnrn ~ content assoclated wlth the control was 'conslstf'nt 1v lowpst 

of aIl treatments ln the two years (Table 3.3\. In 1983, slgmfl<-antly 

)ll.gher N contents than that of the control were found W1 th the Frl, I-N~ 

.... 
and HM2S treatments at ::!6 rlays after sowmg, wlth the ID11, !fM~. n, r2, 

r3 and HM2S treatments at 61 days after sow1ng, :.omd W1th ;111 'llnnup'> or 

. 
urea treatments at 97 davs. In 1984, a comparlson wlth . the rnntrol 

showed that N contents were hlgher wlth the Fr2. r.C2S .md- HM:2S 

treatments at 40 davs after soç:~'ing ln 1984" and Wl th all other-

treatments, except. for the CCl and UI treatÎnents, nt 6') ddVS aftf:'t 

seedlng. At the last sampllng : 97 davs after, SOWln~' ln 1081. ~ l'ont ents 

1 

assoclated W1 th the FeZ' and FC2S were exceeded by t hosp W1 t li the 1") " 

HM2S, HM1 and HM2 treatments. 
.... 

However. fInal dna l \'ses marJp III 1'J84 

l showed no slgnlf1cant treatment effects on corn N f'ontent T"lble·'.·). 

As wlth 
, 

corn N content. the lowest N uptak~ \~as found WI th th .... 

control and the h1ghest W1 th HM ln the SlX estlmat10ns made Hl the twn 

1 
years. A comparlson made 69 days after sowlng ln 1984 lndlcated N uptake 

among the three manure N s'l5urces was slgmflcantly dlfferent 1';1th 

hlghe~t N uptake from HM plots and lowest\i{rom CC manure plots ( Table 
\ 

3.5\. The flnal N uptake ranged from 119 to 21'4 kg N/ha ln 1983 and from 

92 to 205 kg N/ha in 1984. DIfferences among the manures on fInal N 

uptake were not ~lgnIflcant though HM tended to provide more N for/corn 
1 

plants than CC or FC manures. The,h1gh man ure appllcarion rates resu~ted -. . 
ln slgnlfrcantly hlgher N uptake (Tables 3.4 and 3.6) compared to the 

lower applIcatIon rates. 
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'" Table 3.5 Probab 111 ty associated \."1 th the maln effect of manures 
(CFH)' and m trogen rate (N'H) on accumulatlon of corn dn 
matter (CDM) and nitrogen content (NC) and uptake (mlP) 

, ln 1984 ' 

----------------- Days after seeding -----------------

Main effect ---------- 40 ---------- ----------- 69 -------------

CFH 
NR 

,CFH 
NR 

CDM NC NUP CDM NC NUP 

--------------------- Chicot soil -----------------------
, ) 

--------------~----- probability ----------------------

0.0626 
0.4563 

0.0532 
0.0678 

0.2754 0.0234 
0.5833 0.3145 

0.7098 
0.1737 

0.2439 0.9013 
0.0059 O.030g 

St Benoit soil -------------------

probaqi1ity ------------~--------. 

0.1395 0.0701 
O. 3232' O. 0560 

. ...... 

84 

0.0024 
0.1441 

0.3501 0.0001 
0.0746 0.0024 

i 
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-Table ::l.G Probablhty assoclated hlth the m:3.ln effecf of manures 

;CFH) and nltrogen rate INR) on f1n3.1 Yleld 1'.' Ln 

1983 and 1984 and nutrient uptake by corn ln 108 
-----------------------------------------------\;-----------------------

Y ----- ------------------- Uptake --------------------

Main 1983 1984 N p K Ca 
effect 

--------------------------- ~hlcot sail -------------------------

------------------------- probablh ty ----------------------- --- ---

CFH 0.0872 0.5773 Q.0818 0.'5781 0.2375 0.2753 0.0030 
NH 0.0621 0.5304 0.4011 0.5523 0.0733 0.7'360 o . 15~}1 

CV (%) 9-.3 13.1 14.6 16.6 14.1 31. 6 21.5 

t/ha ---- ------------------:- kg/ha ------------- ---- -- _.-

CC 13.4 15.6 162 43 204 81 36 
IT 12.0 14.9 153 43 192 63 3~ 

HM 13.0 16.0 185 46 180 79 ..t~ 

1 
~, N120 12.3 15.2 161 43 181 73 ~I) 

N240 13.3 15.8 171 45 202 ·76 40 
, ----- -------~._---------~-

, 
st BenoIt sail ------------------------

-----~---------------~- probabil1ty --------------------------

CFH 0.8866 0.3634 0.2125 0.5481 0.0193 0.1522 0.3680 
NR 0.1025 0.0127 0.0282 0.0609 0.0007 0.0136 0.0129 

CV (%) 14.0 13.0 18.4 18.5 12.6 17.5 16.4 

t/ha --- ---------~---------- kg/ha --------------------
cc 11.5 13.9 158 26 242ab1 51 23 
FC 11.6 15.3 177 28 275a 55 24 
HM 11.2 14.4 183 28 225b 62 25 

N120 10.8 13.4b 159b 25 220b 56b 22b 
N~4a 12.0 15.6a 187a 29 274a 62a 26a 

----------------------------------------------------------------------
1) means'" follo"{ed by different letters in the same colwnn 

within the same block are significantly different at 
the level of 0.05 by Duncan's Multiple Range Test. 
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3.3.3 Nutrient balance 

, , 
On the Chicot soil, it was found that N uptake from the control, 

CCI, FCI, HMI, UI and U2 treatment plots exceeded N added (Table 3.7). 

Negative values of P, K and Ca balances were found with the U plots (UI, 

U2 and U3). For Mg, pos1tive values with cow_ manures at higher 

application rates (CC2, FC2) were noted. ' 

On the St Benoit soil, the same trends as on the Chicot s011 were 

observed wlth N, K, Ca and Mg balances. Added P could accumu1ate 1n the 

soil with some treatments, especially w1th HM due to a posit~ve P 
o 

balance. 
: 

3.3.4 Corn dry matter yields 

On1y the final total DMY in each year will be discussed. 

Chicot Soil 
. , 

Corn dry matter yields on Chicot soil ranged from 10.1 to 14.4 t/ha 

in 1983, and from Il.8 to 16.6 t/ha in 1984 (Table 3.8). Yields 

associated wi th the HM2S, CC2, HM2, U2 and U3 treatments were 

significant1y higher than those with the control and FC2S treatments in 

1983. In 1984, aIl treatments except for the FC2 and FC2S treatment had 

significantly higher yields than the control, which had the lowest 

yields. Yield differences among man ures were not signir'icant (Tables 3.6 

and 3.8). 
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Table 3.7 Balance of nutrlents added ln manur~s & fertlllzers 

and removed by corn in 1984 

N p K Ca Mg 
Treatment 

------'---------------- k d /ha u -)---------------------

---~------------------------------------------------------------. 
------------------- Chicot soi1 ---------------~-----

Ctrl -108 1 -50 -61 - 30 1 

CCI - 29 53 82 110 - 1 
CC2 64 113 238 306 312 

FCl - 34 o 52 72 72 2 
FC2 88 118 215 204 28 
HMl - 67 102 92 59 15 
HM2 56 204 246 184 - 7 

Ul -105 - 7 - 65 - 76 - 42 
U2 - 55 - 5 - 80 - 93 - 46 
U3 30 - 7 -- 97 - 80 - 42 

FC2S 105 116 231 207 31 
HM2S 58 210 229 185 - 2 

------------------- st Benoit sail -------------------

ctrl - 92 45 13 - 40 - 16 
CCI - 24 102 123 146 14 
CC2 64 159 235 328 43 
FCI - 52 100 49 82 18 
FC2. 58 162 187 210 % 
HM1 - 41 150 130 80 1 
HM2 35 255 , 233 199 11 

U1 - 70 39 - 19 - 52 - 21 
U2 - 41 40 - 36 - 71 - 23 
U3 38 40 - 34 - 54 - 19 

FC2S 75 162 186 213 35 
HM2S 50 255 217 182 15 

---" 

1) negative value means nutrient uptake exceeded 
nutrient added. 

2) positive va~ue mesns nutrient added was more 
than nutrient uptake. 
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Table 3.8 Effect of manures or urea on accumulation of 
l' corn dry matter yleld () 

,( ~~:::::::--=====-~:~:::-:::~-=====---=====-~:--~:::~:-:::~-=====-
\ ---------------------- t/ha -------------------------

\_----------------------------------------------------------------

Ctrl 
CCI 
CC2 
FCl 
FC2 
HMl 
HM2 
Ul 
U2 
U3 

FC2S 
HM2S 

F 
CV (%) 

Ctrl 
CCI 
Ce2 
FCl 
FC2 
HMl 
8M2 
Ul 
U2 
U3 

FC2S 
8M2S 

F 
CV (\) 
~ 

------------- Days after seeding (1983) -------------
26 61 97 26 61 97 

0.31 
0.28 
0.32 

-0.26 
0.~6 
0 .. 27 
0.33 
0.32 
0.35 
0.24 
0.24 
0.36 

1.71 
21.5 

7.5 
7.4 
7.0 
7.5 
7'.4 
9.0 
7.6 
7.1 
7.5 
7.8 ' 
6.6 
8.3 

0.80 
18.2 

40 69 

0.75 
0.91 
0.94 
0.75 
0.69 
0.92 
1.20 
0.96 
0.99 
0.81 
0.61 
0.90 

1.28 
32.1 

6.6 
6.0 
9.1 
7.6 
8.4 
7.2 
7.0 
7.5 
7.4 
7.9 
6.9 
7.0 

0.46 
32.6 

10.8 del 
12.7 abed 
14.2 ab 
12.0 cde 
12.1 bede 
12.3 bed 
13.7 abc 
12.8 abed 
13.7 abc 
13.6 abc 
10.1 e 
14.4 a 

4.35** 
10.0 

, 

0.14 
0.17 
0.23 
0.21 
0.20 
0.26 
0.27 
0.16 
0.20 
0.21 
0.17 
0.22 

1.62 
30.4 

5.5 d 
6.9 abc 
7.0 abc 
6.2 cd 
6.7 c 
8.0 a 
6.7 c 
6.0 cd' 
6.0 cd 
6.8 bc 
6.3 cd 
7.9 ab 

4.00** 
11.1 

8.9 d 
Il. ,1 abc 
Il. 5 ab 
10.7 abed 
12.4 ct 

10.4 abed 
12.0 ab 
9.2 cd 

10.0 bcd 
9.9 bcd 

10.8 abed 
10.7 abed 

2.45* 
12.7 

Days after seeding (1984) ---------------. 
120 40 69 120 

11.8 c' 
14.7 ab 
16.4 a 
15.5 ab 
14.3 abc 
15.4 ab 
16.6 a 
15.7 ab 
16.0 a 
16.2 a 
12.9 be 
16.3 a 

2.83* 
11.6 

0.21 e 
0.25 be 
0.23 bc 
0.22 e 
0.29 be 
0.27 be 
0.50 a 
0.25 be 
0.28 be 
0.23 be 
0.29 be 
0.41 ab 

2.43* 
38.8 

5.1 bed 
4.3 cd 
3.9 d 
4.7 bed 
6.8 ab 
6.4 abc 
7.0 ab 
5.6 bed 
5.4 bed 
5.4 bed 
(i.7 ab 
7.9 a 

3.08** 
23.7 

________ --""'(,1>-_______ _ 

9.7 e 
12.7 ('d 
15.1 abc 
14.9 abC' 
15.6 ab 
12.7 cd 
16.1 a 
12.7 cd 
13.2 bed 
12.3 d 
14.9 abc 
16.2 a 

6.03** 
11.4 

1) means of the seme year in the seme eo1umn fol1owed by 
the same 1etters are not signifieant1y different at 
the level of 0.05 by Duncan's Multiple Range Test. *. ** signifieant at the 1eveIs of 0.05 and 0.01 respeetively. 
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St Benoit Soil 

The çontrol had consistently 'lowest yields of aIl treatments ln 
1 

both 1983 and 1984. The highest yields were wlth the FeZ treatment ln 

1983 and with the HM2S treatm~nt'in 1984. The yields assoclated wlth the 

FC2, 8M2, CC2 and ,CCI treatments were slgnlficantly hlgher than that of 

the control in 1983. The effects of manures or urea were more ObVl'OUS ln 

1984, as indlcated by signiflcantly hlgher yields from aIL manur~d or 

urea tFealed plots compared to the control. Ylelds from urea treatments 

wel"e exceeded by those from the FC2 treatment in 1983, and the 1~~S and 

HM2 treatments ,in 1984. In ternIS of DMY. the effect of manup!<:; 

incorporated in ta the sOLI was not slgnificantly dlfferent from t\at of 

manures left on the 5011 surface. Plots receJving hlgher m::murr .. 
. 

applicahon rates yielded significantly more dry mattôr than lQ\"t'er 

.' . 
manure application rates. DIfferences among the, manures were not 

signÎfIcant when analyzed as a factor131 experiment (Tables 3.6 and 3.8'. 

3.3.5 Cu.ulative effects 

Treatment effects as expressed by effect coefficlents -of treatments 

(ECT) on DMY and nutrient uptake were found to be gl"eater in lq84 

compared with 1983 (Tables 3.9, 3.10 and 3.11). On the Chicot soil, the 

average BCT of aIL treatments ~ 1.29 for DMY of 1984 was. si~ific~tly 
higher than that of 1.18 for 1983. A largel" difference of ReT for DMY 

between 1984 and 1983 was noticed on the St Benoit soil. oompared with 

that of the Chicot soi1 (Table 3.11). 
J .. ~, 
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~ Table 3.9 Comparlson of effect coefficIents of treatment of 
dry matter peld (Dm) and nutl"l.ent uptake on the 
Cn1cot 5011 ln 1983 and 1984 

--DMY-- ----------------- Uptake ------'~------------\ 
Year Treatment 

N p 'K Ca Mg 

----------------------------------------------------------------------
1983 Ctrl 1.0Def 1.00gh 1.OOd '-~l.OO 1. 00 1.OOdefl 
1983 CCI 1.18abcde 1.12efgh 1.03cd 1. 31 0.85 O.98def 
1983 eC2 1.32abcd 1.44bcdef 1. 36abcd 1.49 1.28 1.17bcdef 
1983 FCl 1. 12cdef . 1. llefgh 1. 15bcd 1.11 0.71 O.SSf 
1983 FC2 1.12cdef l.09fgh" 1.1Bbèd 1. 21 1. 04 D.8Rf 
1983 HM1 1.14bcdef 1.24defgh 1.OOd 1. 38 1.19 1.1Ocdef 
1983 HM2 1.27abcd 1. 43bcdef 1.08bcd 1. 39 1.49 1. lOrrief 
1983 Ul 1.19abcde 1.32cdefg 1.09bcd 1.19 1. 24 1.12cdef 
1983 U2 1.28abcd 1. 47béde 1. 12bcd 1. 20 1. 21 1. Hberief 
1983 U3 1. 26abcd 1. 45bcdef, l.Old 1. 08 0.96 l.05edef 
1983 FC2S O.93f 0.95h l.OOd 1. 28 0.89 O.91ef 
1983 HM2S 1.34abcd 1'. 55bcd 1.39abcd L56 1.15 1. 34abcde 
1984 Ctrl LODef ' 1. OOgh l.OOd 1. 00 1. 00 1.OOdef 
1984 CCI 'l.25abcd 1.40bcdef 1. 36abcd " 1.42 1. 54 1. 19bcdef 
1984 CC2 1.38ab 1.64abc 1. 41abcd 1.60 1.39 1.:2:2abcdef 
1984 Fel 1. 32abcd 1. 45bcdef 1. 47ab 1. 35 l.U l.llcdef 
1984 FC2 1.22abcde 1.41bcdef 1.35abcd 1.47 1.25 l.llcdef 
1984. HMl 1.31abcd 1.53bcd 1. 36abcd 1. 25 1.39 l.19bcdef 
1984 HM2 1.41a 1.71ab 1.62a 1.40 1. 46 1.62a 
1984 Ul 1.34abcd 1.55bcd 1.26abcd 1.15 1.53 1.46abc 
1984 U2 1.36abc 1.64abc 1. 21abcd 1.27 1.69 1.56ab 
1984 U3 1.38ab 1.94a 1.26abcd 1.42 1.58 1.42abcd 
1984 FC2S 1.09def 1. 24defgh 1. 44abc 1.39 1'.02 0.98def 
1984 HM2S 1.39a 1. 7lab 1.41abcd 1. 53 1.55 1.49abc 

F 3.28** 5.28** 2.21** 1.18 1. 21 2.68** 
CV (%) 12.1 16.0 20.0 23.5 39.0 22.1 

--------------------------~---------_ ........ _----

1) meanS in the same column followed varl0US letters are 
slgnificantly different at the lével of 0.05 by 
Duncan's,Multiple Range Tést . 

* . significant at',the level of 0.05. 

** , significant at the level of 0.01. 
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Table 3.10 Comparison of effect coefflCIents of treatment of dry 

matter Yleld (DMY) and nutrlent uptakc on the 
St BenoIt soil ln 1983 and 1984 

1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 
1984 

F 

Ctrl 
CCI 
Cë2 
FCI 
FC2 
HMl 
HM2 

Ul 
U2 
U3 

FC2S 
HM2S 

Ctrl 
CCI 
CC2 
FCI 
FC2 
HMl 
HM2 

Ul 
U2 
U3 

FC2S 
HM2S 

DMY 

1.00g 
1.32cdef 
1.32cdef 

.1. 24efg 
. 1.41abcde 

1. 20efg 
1. 36bcde 
1. 05fg 
1.14efg 
1. 13efg 
1.23efg 
1.22efg 
1.00g 
1. 31cdef 
1.58abc 
1.'55abcd 
1. 62ab 
1.32cdef 
1.69a 
1.32cdef 
1. 37bcde 
1. 27defg 
1.56abcd 
1.67a 

N 

1.00g 
1. 63cdef 
1.60cdef 
1:48def 
1.6lcdef 
1. 58cdef 
1.79bcde 
1.32fg 
1. 46def 
1.60cdef 
1.41ef 
1. 64cdef 
l.OOg 
1.59cdef 
1. 91abcd 
1.90abcd 
2.00abc 
1.76bcde 
2.28a 
1.44ef 
1.77bcdef 
1. 57cdef 
1.83bcde 
2.l0ab 

p 

1.00cd 
1.66a 
1.5labc 
1.44abcd 
1.44abcd . 
1.1abcd 
1. 39abcd 
1. 13bcd 
O.97d 
1.22abcd 
1.36abcd 
1.35abcd 
1.OOcd 
1.26abcd 
1. 47abcd 
1.50abc 
1.53ab 
1. 29abcd 
1. 73a 
1.30abcd 
1. 29abcd 
1. 29abcd 
1. 58ab / 
1.72a 

5.02** 5.00** 1.92* 

Uptake 

K Ca 

1.OOh l.OOe l.OOc" 
1.49 defg 1.46 bede 1.54abc 
1.77abcd 1.53abcde 1. '10abc 
1.75abcde 1.12de 1.35abc 
1.92abc l.32cde 1.45abc 
1.55cdef 1.60abede 1.59ab 
1. 5gede f 2.0 l<3b " 1. fj8ab 
1.20fgh 1.27cde 1.18be 
1. 15gh 1.88abc t . 56ab 
1.20fgh 1.56abcde 1.29bc 
1.66bcde 1.13de 1.28bc 
1.46defg 1.27cd~ 1.43abc 
1.OOh 1.OOe 1.00c 
1. 52cdefg 1. 13d~ 1. 27bc 
2.04ab 1.~2bcde 1.59ab 
1. 92abc 1. "Hede 1. 51abc 
2.13a 1. 45bede ] 5a3b 
1.40defg 1.33bcde 1.38abc 
1.91abc 1.74abed 1.8a~ 
1.24fgh 1.10cdp 1.35abc 
1.36efgh 1.76abcd 1.~5abç 

1.35efgh 1.35bcde 1.~2bç 

2.11a 1.39bede 1.61ab 
2.02ab 2.14a 1.69ab 

8.37** 2.23** 1.83* 
/ CV (%) 13.5 16.3 22.3 15.4 28.0 22.3 

1) means in the same column fo11owed various letters are 
significantly different at the level of 0.05 by 
Duncan's Multiple Range Test. 

*: significant at the level of 0.05. 
** significant at the level of 0.01. 
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Table 3.11 

.. 

\ 

ComblOed' effect of manures 
coefficients of dry mat ter 
and uptake of nutrients in 

Effect coefficIent 

and ur~a effect 
Yleld ;D~1Y) 

1983 and 19841 

F values CV (%) 
Parameter 1983 1984 

DMY 
N 
p 
K 
Ca 
Mg 

DMY 
N 
P 
K 
Ca 
Mg 

---------------- Chlcot 5011 -----------------

1. 18 b2 

1.26 b 
1.12 b 
1.27 
1.09 b 
1.05 b 

1.29 a 
1.53 a 
1.35 a 
1. 35 
1.38 a 
1.28 a 

14.28** 
36.45** 
20.66** 

1. 75 
9.45** 

18.57** 

11.5 
15.2 
20.0 
22.5 
37.6 
21.8 

--------------- St Benoit Soil ---------------

1.22 b 1.44 a 35.32** 13.7 
1. 51 b 1. 76 ,a 21. 32** 16.4 
1. 31 1.41 2.58 <"J') 0') 

'---'"" 
1.48 b 1.67 a 13.78** 15.8 
1.43 1.44 0.03 28.7 
1.40 1.47 0.99 21.9 

----------~---~----------------------------------------------

1) 

;2) 

** 

means are expressed by effect coefficIent of 
treatments. 
means on the same row followed by different~ le"tters 
are slgnlficantly different by Duncan's Multlple 
Range Test at the 1evel of 0.05. 
significant at the le1vel of 0.01. 

\ ' 
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'" Th", F;rT 1)[ ~ uptal\~ ~l\' cnrn from th.,. ChH'/lt S<)ll ln l"'i-::'5 (-35 l.:::f, 

(Table 3.ll;. SlIDllarly, on the ChIcot 5011, cumulative .effeds nf 

. treatments were aiso refiected by larger:: ECT values ln l~_Hn ('omparerl tu 

1983 for p, Ca, and Mg uptake. No signlfH~ant cumulatlvI'.' effect 'Was 

detected wlth K uptake. ~lthough a sllghtly larRer ECT was notpd ln 

1984, compared wIth that ln 198:1. On the ,St Benolt 5011, slgnlflcantly 

larger ECTs of ~ and K uptake were assoclated wlth 1984 ln the two 

years. Shghtly- higher ECTs of P, Ca and ~g uptake were obsPfved ln 

1984, compared wlth those ln 1983 fTable 3.11), 

Table 3.12 shows the varlOUS effect coeffICIents of manure and urea 

for DMY and nutnent uptake. On th~ ChIcot soll, effpct coeffu 1 pnts n f 

manures were not dIfferent-froID those of urea for DMY and uptake of K 

and Ca. The ECT value for manure was larger than that of urp{1 for P 

uptake whlle the reverse was true for Mg uptake. On the St Benolt SOLI, 

manurp generally had slgnlücrmtly hlgher effect copfflClent <; f"r ~.ll\o!Y ( 

and uptake of N, P and K, The dlfferences of effect coefflclents beh.,pen 

manure and urea for uptakes of Ca and Mg were not pronounced. 

Comparlsons of 'EeT values among the manures ~ndlcated that the 

man ures h~d slgnificant cumulatlve effects (as noted by greater ECT 

values ID 1984 compared w1th 1983) on DMY, N. P and Mg uptake on the 

Chicot 5011, and on DMY and N uptake on t+ie St BenOIt SOlI (Tables 3.13 

and 3. 14) . On the ChICOt soil, the di fferences of EeTs between 1984 and 

1983 were 0.12, 0.30 -- and O. 22 
"> 

for DMY. ~, P, ~Ig' uptake. 0.30, 

respectlvely, and on the St Benolt 5011, the differences were 0.20 for 
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Table 3.12 Effect of manure or urea on the effeet coefflcelnts of 
dry mat ter Yleld (D~) and ~ptake of nutnents lD 1')83 
and 19841 

--------------------------------------~--~-------------------~-----~ 

Effect eoeffieieht 

Parameter 1983 1984 F values CV (%) 

Manure Urea Manure Urea. 

-----------~----~----------~---------------------------------------. 
-------------------- Chi20t sail ---------~---------------

DMY 1.19 c2 1.24 be 1. 31 'ab 1~36 a 4.29** 12.2 
N 1.24 c 1. 41 be 1. 52 be 1. 71 a 10.51** 17.6 
p 1 1.13 b 1.07 b 1.43 a 1.24 b 7.35** 20.7 
K 1. 32 1.18 1. 41 1.28 ; 1. 63 22.9 
'Ca '1. 09 b 1.14 b 1. 36 ab 1.60 a 3.33* 38.8 
Mg l.02 c l.10 be 1. 24 b 1.48 a 8.30** 23.1 

------------------- St Benoit Soil --------------..----'-------
, 

DMY 1.30 b l.11 e 1. 51 a 1'.32 b 12.32** 14.4 
N l. 61 b 1.46 b 1. 91 a 1.59 b 8.36** 16.9 
p 1.46 a 1.11 b 1. 46 a 1. 29 ab '4.84** 21. 7, 
K 1.68 a 1.18 b 1.82 a 1.32 b 17.75** 18.1 
Ca 1.51 1.57 1.40 1. 47 0.45 30. ~ 
Mg l.52 1.34 1. 54 1. 34 1. 63 23.0 

-------------------------------------------------------------------- . 
1) 

2) 

* 
** 

means are expressed by eLfect coefficient of 
treatments. 
means on the sam~ row followed by different 1etters 
are srgnificantly different by Duncan's Multlple 

• v 
Range Test at the level of 0.05. 
significant at the level of 0.05. 
significant at the 1elvel of 0.01. 
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'" Table 3.13 • Probabi li ty associated wlth the main effect of 
manures (CFH) and mtrogen rate (NH) and the 
effect coefficlents of manures on dry matter 
yield (DMY) and uptake of nutrients by corn 
from Chicot soil 1 

, ____________________________________________ 4-_________ _ _ 

Main 
eft1ct 

DMY N ' P 
Uptake 

K Ca Mg 

---------------------------------------------------------------
------------------- probability --------------------

(' , 
YR 0.0053 0.0001 0.0009 ' 0.2502 0.0692 0.0020 
CFH 0.1544 0.0085 0.9680 0.2484 0.1290 0.0128 
NR 0.1336 0.0521 0.1867 0.1474 0.1980 0.1212 

CV (") Il.7 14.9 21.8 21.2 40.0 20.7 

--------- effect coefficients of manures ---;---------

1983 1.19 b 1.24 b 1.13 b 1.32 1.09 1. 02 b2 

1984 1.31 a 1.54 a 1.43 a 1.41 1.36 1.24 :l 

CC 1.28 1.40 ab 1.29 1.46 1.27 1. 14 ab . , 

,/ 

FC 1.19 1.26 b 1.29 1.28 1.03 0.99 b 
HM 1.28 1.51 a 1: '027 1.35 1. 38 1. 25 

N120 1.22 1.32 b 1.23 1.30 1.13 1. 08 
N240 1.28 1.45 a 1.34 1.43 " 1. 32 1. 18 

1) means are expressed as the effect coefficients 
of manures. ,1 ! 

2) means followed by different letters within the 
same block are significantly different by , 
Duncan's Multiple Range Test at the level of 0.05. 
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Table 3.14 Probabllity associated with the maln effect of 
manures (CFH) and nitrogen rate (NR) on the 
effect coefficients of man ures of dry matter 
yield (DMY) and uptake of nutrlents by corn 
from St Benolt sOl1 1 

Main 
effect 

DMY N P 
Uptake 

K Ca Mg 

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

-------------------- probability -----.---------------

YR 0.0010 0.0010 0.9519 0.0862 0.3440 0.8205 
cm 0.5560 0.2449 0.9140 0.0082 0.0287 0.2374 
NR-: 0.0041 0.0170 0.2903 0.0010 0.0300 0.047-1 

CV (t) 14.0 16.2 23.4 15.8 27.0 19.9 

-------- effect coefflClent of manures -----------
1983 1. 31 b2 1. 61 b 1.46 1.68 1. 40 1. 52 
1984 1.51 a 1. 91 a 1.46 1.82 1.51 1.54 

CC 1.38 1.68 1.48 1. 71 b 1.39 b 1.48 
FC 1.45 1. 75 1.48 1.83 a 1.30 b 1.47 
EM 1.39 1.85 1.43 1.61 b 1. 67 a 1. 64 

N120 1.32 b 1.66 b 1.41 1.61 b 1.32 b 1.44 b 
N240 1.50 a 1.86 a 1.51 1.89 a 1.59 a 1.62 a 

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

1) me ans are expressed as the effect coefficients 
of manures. 

2) means fol1owed by dlfferent letters within the 
same'block are significantl~ different py 
Duncan's Multiple Range Test at the level of 0.05. 
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dry matter yield. and O .• for N uptake. 

3.4 DISCUSSIONt 

3.4.1 Corn ear leaf composition, 

The significant correlatlons between DMY and N of corn ear- leaves on , . 
the Chicot 5011, and P content of corn ear leaves on bath the ChJcot 

and the St Benolt SOlI probab1y mean that N and P were deflClent 
Q 

al though this deficiency could not be determined in the case of P 

(Tyner, 1946; Krantz and Chandler, 1951; Bennett et al. 1953; Vlets et 

a.J.. 1954). 

On the Chicot 5011,' corn ear leaves had a range of N content from 
( 

2.38 to 2.94% which showed "sufficlent" or "high" N levels accordlng ta 

the classification system of Jones (1967).' However, these values were 

som~ha~ be10w the critica1 level of 2.9% Touhd by Tyner (1946). P, K, 

Ca and Mg contents of ear leaves were aIl above the critical levels 

proposed by Tyner (1946) and Melsted et al.(1969), indicating the soil 

was probably not deficient in these elements. 

Treatment effects on ear 1eaf composition were not conslstent 

between soi1s. On the St Benoit'soil. N applications did not affect N 

contents of ear leaves, most likely because thé soil had hig~ 

extractable NH4- and N03-N before silking (Chapter 2), indlcatlng that N 

leveis of the soil were not a Iimiting factor for corn production. 
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The non-significant treatment effect on the Ca content of the ear 

leaf on bath the Chicot sail and St Benoit soil could have been due ta 
. -

the high Ca contents in the soils, 2860 and 2283 kg exchangeable Ca/ha 

for the-Chicot and the St Benoit soils respectively. The Ca applied from 

the manures, ranging from 130 to 380 kg/ha, was only a small fraction of 

the Ca contained in the.soil and was considerably higher than that 

removed by the corn crop (data were not presented here). Mg contents of 

ear leaves on the St Benoit soil below the proposed critical level 

(Melsted et al~1969) could be due to'low available Mg of the soil and 
) , 

the low Mg added from the maJlures (21-68 kg/ha) although the initial 
/0 

extractable Mg levels of the soil was reasonably high (290 kg/ha). 

". 

3.4.2 N uptake and corn dry-matt'er yie1ds 

N uptake by corn exceeded the applied N in the plots with lower N 

application rates. In the long term, this could lead ta a decrease in N 

uptake and crop yields. Thus in order ,'to avoid the appearance of N 

deficiency, moderately higher N application rates should be recommended. 

Increased corn yields and N uptake by manure applications have been 

reported by Dilz et al. (1984) from the Netherlands, , Lembke ang, Thorne 

(1980) from Illinois, and Evans e~ al. (1977) from Minnesota, and by the 

others (Cape et al. 1958, Dubetz et al. 1975, and SÜgihara et al. 1979). 

In this research, manure applications enhanced both DMY and N uptake by 

corn on both soils. The treatment effects of manures on the St Benoit 

sail were more signifi~ant ,than those on the Chicot sail, probably due 

to the reduced available N in the Chicot sail and improved moisture 
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supplement in the st Benolt 5011 (Chapter 2). 

Different manures (CC, FC, HM) had similar effects on DMY, which 

Jias similar ta previous findings (Miller and MacKenzie 1978), or on N 

uptake. Increased manure N applIcation rates, however, improved DMY and 

N uptake, especially on the ~t Benoit sail, where higher manure 

application rates, compared with the lower application rates, resulted 

10 an iocrease of 20% in DMY, and an iocrease of 17% in N uptake, 

suggestlog ,manures were more effective for corn production on the St 

Benoit soil, which'was a coarser textured sail w~th lower pH values and 

lower available P and K than the Chicot sail. 

Al though DMY Increased with increasing rates of manure , 

application, high applicatio~ rates could have resulted ln an 

~ , 
imbalance of nutrients and more N lasses (Lauer et al. 1976; Sugihara et 

a~. 1979; Phillips et al. 1981). Mathers and Stewart (1981) found that 

the most effiCIent manure rate was 22 tonnes/ha incorporated immediately 

into the sail after spreading. In the experlment reported here the 

manure application rates ranged from 5 ta 12 tonnes/ha on a dry weight 

base and little danger of unbalanced nutrient supplement was shawn. 

With respect ta DMY, the optimum rate of N application was 120-240 kg 
',Â 

N/ha for manure-N, and 0-60 kg N/ha for urea-N. r 

3.4.3 Cumulative effects 

The experiment showed that ECT in 1984 compared wi th 1983, \Jas 

larger with the coarser textured sail than with the finer textured 
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soil. "is' greater cumulative effect could be due to greater improvement 

in plant nutrient levels, such as available N levels (Chapter 2), or in 

physical pr~perties or chemical properties of tge coarser .textured soils 

compared to those of the finer textured soil (Olsen et al. 1970; Dubetz 

et al. 1975; Mazurak et al. 1977; Meek et al. 1979; Chandra and De 

i982) . 

Some' work has been published on manure cumulative effects on corn 

yields 
1 

(Cope et al. 1958; Evans et al. 1977;' '" Ki ver' and Ki ver 1976; 

Turchin et al. 1972). By ana1yzing the published data of Dubetz et al. 

(1975), it was found, in the short term, that treatments of manure pl'us 

inorganic N had the highest cumulative effect on corn grain yields, 

inorganic N had the medium effect, and manure the lowest effect. The 

differences in cumu1ati~e effects among mapures were not obvious, based 

on the data of Evans et al. (1977), and the results of this experiment 

reported here provide further evidence of similarity among the manures 

applied on the both soils as to yield increases, and in addition, it was 

shown that manure had larger BeT values than urea on the coarse textured 

soi1, compared with the fine texturea soi1. 

3.5 COtfCLUSIOHS 

Significant posi~ive correlations existed between nMY and N or P 

• 
contents of çorn ear leaves, indicating soi1 deficiencies in N and 

possibly P. 
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No difference was found due to manure spreadin, techniques, perhaps 

due ta compensating effects of incr.eased N volatilization and of 

" imp~oved soil moisture levels with surface applied manures. 

Dry matter yields were unaffected.by differento manures. Hog manure 

was more effective in supplying corn with N than cow manure (CC, FC). 

Tnis may have related to the higher moisture content of HM, and thus , 
more efficient penetration of inorganic N compounds into the soil. 

';) 

Higher man ure application rates increased DMY and N uptake. 

Cumulative effects of manure or ur~a on yields" were more pronounced 

with the coarser textured soil than with the fine~ textured soil. On the 

coarser textured soil, larier ReT values were noted with manure compared 

wi th ufea for DMY. and uptakes of N. P and K. ThiS May have been a 

result of the improved P and K supplements with menure, and the longer 

term effects ~f organie N found with manures. 

, 
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GBNERAL CONCLUSIONS , 

Cow manures (CC, FC) showed a greater potential for conserving sail 

water than liquid hog manure or urea. 

In' the short-term, sail organic matter content and sail bulk 

dens~ties at the depth of 5-13 cm were not significantly affected by the 

manure or urea applications. 

Manures applied at 240 kg N/ha had less potential for ,polluting 

groundwater than urea applied at IBO kg N/ha. Among the manures, liqUld 

hog manure ~ccumulated more N03 -N in the soil profiles than Fe or CC 

\ 
manure. Coarse textured soil had a higher N03-N content, probably due to 

the rapid decomposition '8lld nitrification of applied N in manures and 

urea than fine textured soil. 
.. 

\ 
Optimum N application rates were 60 kg N/ha for urea-N, and 120-240 

kg N/ha for menure-No Thus 1 kg of urea-N was approximately equal to 2 

to 4 kg of manure-N. 

Manure' application may have ta be accompanied with application of 

certain nutri~nts, such as Mg. 

Liquid hog manure was slightly more effective~in increasing corn 
1 

silage yields than semi-solid cow manures. 

Both manurés and urea had a cumulative effect on corn dry matter 

-'. 

( 
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yields and nutrient uptake. Th~rcumulative effect associa~ed witb coars~ 

textured soil wu larJJer than that with fine textured ,soil, and ~arger 

effect CQefficientsr~r~ noted with manure on t~e coar~e textured soil, 
'f . " 

compared wi th ures, perhaps due to the greater improvement; of "the soi 1 

water and available N, and possibly other nutrient supplements such as P 

or K. 
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