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Organisms General Properties Agricultural Importance
Azotobacter Aerobic; free fixers; live Minor benefit to agriculture; found
in soil, water, rhizosphere, in vascular tissue of sugarcane, with
leaf surfaces sucrose as an energy source for N,
fixation ,
Azospirillum Microaerobic: free fixers;  Inoculation benefits some non- :
or found in association legume crops, shown to increase
with roots of grasses root hair development
Rhizobium Fix N5 in legume- Legume crops are benefited by
Rhizobium symbiosis inoculation with proper strains
Actinomycetes Fix N5 in symbiosis with Potentially important in reforesta-

non-legume wood trees—  tion, wood production
alder, Myrica, Casuarina

Cyanobacteria Contains chlorophyll, Enhance rice in paddy soils; Azolla (a
(Anabaena) mostly aquatic, some water fern) symbiosis; used as green
terrestrial manure
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N Budget Harvest

Component Ist 2nd 3rd Total

lbs/a

Forage yield 3,128 2,727 1,032 6,887

Total plant N 105 113 53 271

N from N fixation’ 51 (49%) 91 (81%) 30 (57%) 172 (63%)
Leaves/stems 46 66 20 132
Roots/crown 4 25 11 40

N from soil 54 22 22 99
Leaves/stems 48 16 14 79
Roots/crown 6 6 8 21
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TABLE 5-1. Amounts of Nitrogen Fixed by Legumes

Nitrogen Fixed (Lb/(Alyr)]

Legume Range in Reported Values Typical '."F-ri'%&.
Alfalfa 50450 194 Y\V
Ladino clover —_ 179
Sweet clover . -267 119 1 ¢&
Red clover 76—169 114
Clovers (general) 50-300 —

Kudzu — 107 VY-
White clover _— 103
Cowpeas 58-116 90
Lespedezas (annual) — 85

Vetch - 80-138 80 9 .
Peas 30-140 T2 A \
Soybeans 58—-160 ' 100 3y <
Winter peas — 50
Peanuts - — 42 < {4
Beans , - 71 40 -
Fababeans 51-148 130

Fababeans (shaded) —6£548 -
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Step 1. Aminization

NH NH
H,0 S %
Proteins = R-C-COOH + R-NH, + C=0 + C!f}2 + energy
Bacteria | |
Fungi H NH,
Amino Acids Amines Urea
Step 2. Ammonification
R-NH, + H,0 _+==-=-» NHy + ROH + enétgy

~ NH,* + OH"
+H,0
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Plant Residue* C:N Ratio N Uptake (mg)
Check sall 8:1 0.294
Tomato stems 45:1 0.051
Corn roots 48:1 0.007
Corn stalks 33:1 0.038
Corn leaves 22:1 0.020
Tomato roots 27:1 0.029
Collard roots 20:1 0.311
Bean stems : o 0.823
Tomato leaves 16:1 0.835
Bean stems 12:1 1.209
Collard stems 18:1 2.254
Collard leaves 10:1 1.781
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Microbial activity will utdlize = 35% of the residue C {increasing microbial biomass),
while cthe remaining =065% is respircd as CO, (Fig. 4-27). Thus, the microbes will
use 420 Ib of residue C.

1,200 Ibs C,que < 35% C = 420 b C used by microbes (C_cope)

¥ o A A

The increasing microbe population will require N governed by microbe C:IN = 8:1

(Table 4-12):
4201b C_ ;. obe 8
xIbN

1
= 525 lb Nmic:nbe/a
Thus, the microbes will need 52.5 Ib N/a to degrade the 1,200 lb C/a in the residue.

As microbes digest the residue, th-:}r access residue N during decomposition deter-
mined by:

microbe

1,2001b C ge 6O
xbN e 1
- 2(] lb ngsiduefﬂ_

If the residue N content were known (assume 0.67%N), the |lb N/a would be deter-
mined by:

3,000 1b rcsiduefa > 0.67% N = 201b Nmﬁiduﬂfa

residue

Thus, cthe quantity of N immobilized is:
52.51b Nfa needed by microbes — 20 Ib N'fa in residue = 32.51b Nfa immobilized
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Plant Residue ~ 40% C m

respiration

Cresidue _12 =120

Nresidue 1

A

Kcrm{mbe/
Soil OM
Criicvobe 8
_|\_| ________ ="1" > Nimmobilized = Nmicrobe - I\Iresidma
microbe
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5% OM X (2 X 10°Ib soil /afs) X 3% OM loss/yr X 5% N in OM
= 150 Ib N/a/yr mineralized

Notice that the 150 Ib N/a would meet or exceed the quantity of N required by
most crops. Now assume that after 50 years of cultivation, the OM declined to 2% or

one-half the original level (Fig. 4-28). Assume that 2% of the OM oxidizes per year;
thus, the quantity of N mineralized is:

2% OM X (2 X 10°Ib soil /afs) X 2% OM loss/yr X 5% N in OM
= 40 Ib N /a/yr mineralized
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OMj,; — 1.5% OM X (2 X ]Dﬁlbsoﬂ/afs) X 1% loss rate 'd‘j’"" ¢
= 300 /b OMy,,,/afs/yr

/ » * 2 » /
Step 2. Estimate annual soil OM produced. )_} stlnf LSL,’.LQ':’ "L’ﬁ /\h o )Jﬁw J{‘

OM,,4. — 8,000 Ib residue/a X 40% C = 3,200 Ib C,eyige

3,2001b Creigue _ 80 djb ‘JLw ..L.?.- c..«\..f A.é\..p!‘ dfl}- 6\.3 dl.w

xlb Nicsidue 1

S 2% o T o3k 25 e

About 80% qf residue N goes into ﬁirmingN in OM, thus:
401b N, que % 0.8 = 321bNgy  (this is N in soil OM from residue N)

0) . R g .o, . .
OM has a 10:1 C:N ratio (Tible 4-12), so: 1'5/0 ‘5"" L.S“ osbe )‘M UpJ‘g

lbNoy 32 1% e S e @
= 320 b CQM
, i ; i —_— °
Since there is abour 50% C in OM, then: C / | \-l o 8 O . 1 ()
320lbCoy
051 C/lboM A0 1D OMaaae/afs/yr

1 OO
—_— o
Tﬁerq‘bre, C /()

640 1b OM ;4. — 300 Ib OM,,, = 340 |b OM net gain/afs /yr

want to increase soil OM from 1.5% OM — 2% OM = 0.5% OM gain: LJJ M ‘-5’ ‘ N Jga:;‘ a L) La}N M‘)J A . ©

0.5% OM gain X (2 X 10°Ib/afs) = 10,000 Ib OM/afs needed

10, 000 Ib OM R
: = 29.4 years -
340 b OM gain/yr

e
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M i nitrosomonas B F
2NH,* + 30, > 2NO,” + 2H,0 + 4H
(23] mmreme > (+3)
increasing oxidation of N
Step 2 .
nitrobactor
2NO,™ + O, - 2NO;~
T — > (+5)
increasing oxidation of N
Net Reaction

NH,® + 20, > NO;~ + H,O + 2H"




Jgl d> yo S

O

2NH, + 30, — nitrosomonas — 2NO, + 2H,0 + 4H + energy
. =
B sl (S
|l
5655
sl s




Oy 4 S0 gl o 390 Al g0
340 orploll by la 6 S b s Sl Dy 1 e

2NO," + O, _Nitrobacter . 2NO," + energy
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Nitrosovibrio , Nitrospira . Nitrosolubus
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Form of N Lost Source of N General Reaction
N2 and N,O Denitrification of NO3~ NO3;~ — NO;,~ — NO — N,OT — N5
Nitrlﬁcation Df NH4+ NH4+ — NH‘?DH P H2N202 — NOZ_ — NOa_
l
N-O
Reactions of NO>~ with:
NH4+ NDZ_ -+ NH4+ —”NQT =+ ZHQO
Amino acids NO,  + NH;R— N5T + R-OH + OH~
Lignin NO,~ + lignin—N5sT + N,OT + CH;ONO
Decomposition of NO3
H™ 3NO,;™ + 2HT — 2NO + NO3;~ + HO
Fe*? NO,~ + Fe™ + 2H* —Fe™® + NO + H,O
Mn 2 NO>,~ + Mn™ - 2HT - Mn*™ + NO + H,O
NH3 Fertilizers
anhydrous NH; NH; (ligquid) — NH3 (gas)
urea (NH;):CO + HO —2NH;T + CO;
NH; " salts NHs"™ + OH™ — NH3T + HO (pH = 7)

Residue decomposition Organic N — NH,; " — NH;5 T
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Condition High Risk Low Risk
Soil pH >7 <6
Soil moisture Moist Dry
Rainfall, irrigation  Little or none, heavy dew >0.3 in. after N applied
CEC (meg/100g) <10 =25
Soil temperature ~ >20°C (70°F) <10°C (50°F)
Soil surface >50% residue cover (turf, Bare
pasture, no-till)
N source’ Manure, (NH,),SO,, CO(NH,),, NH;, NHsNO; (urea/
UAN, NH4HCO; UAN + inhibitor)’
N application Surface broadcast Incorporate, subsurface
apply
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H,SO, Ammonium sulfate
Sulfuric acid (NH,4),S0O, 21-0-0-24
A A
i ™
HNO4 Ammonium nitrate (AN)
Nitric acid NH,NO; 34-0-0
' ™
AN + Urea N solutions
(water) UAN 28-0-0, 30-0-0, 32-0-0
L W
CO, : Urea i
Carbon dioxide CO(NH,), 46-0-0
H;PO, ‘ Ammonium phosphate
L .
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Nutrient Content (%)

N Source N P,Os K,O Ca Mg 5 Cl Physical State
NH,™ or NH,* forming
Anhydrous ammonia 82 — — — —_ — — Gas
Aqua ammonia 20-25 — — — — —_— — Liquid
Ammonium bicarbonate 21-23 — — —_ — — —_ Solid
Ammonium chloride 25-26 — — — — — 66 Solid
Ammonium nitrate 33-34 —_— — — — — — Solid
Ammonium sulfate 21 — — — — 24 — Solid
Ammonium thiosulfate 12 — — — — 26 — Liquid
Calcium ammonium nitrate 15-27 9-19 Solid or Liquid
Ammonium polyphosphate 10-11 34-37 — — — — — Liquid
Diammonium phosphate 18-21 46-54 — — — — — Solid
Monoammonium phosphate 11 48-55 — 2 0.5 1-3 — Solid
Urea 45-46 —_ — — — — — Solid
Urea-ammonium nitrate 28-32 — o — — - — Liguid
Urea-ammonium phosphate  21-38 1342 — — — — — Solid
Urea phosphate 17 43-44 — — — — — Solid
Urea-sulfate 30-40 — —_— — — 6-11 — Solid
NO;~
Calcium nitrate 15 — — 34 — — — Solid
Potassium nitrate 13 — 44 0.5 0.5 0.2 1.2 Solid
Sodium nitrate 16 — — —_ — — 0.6 Solid

-
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Fertilizer Grade (% N by weight)
Composition and Properties 26% 0% 3%
Ammonium nitrate, NH;NOj3 (%) 40 1Y) 45
Urea, CO(NHy), (%) 30 3 3
Water (%) 30 25 2

Density (Ibs/gal) at 15.5°C (60°F) 10.65 10.84 11.06
Salting-out temperature, C(°F) — =17(+1) ~ -10(+14)  -2(+28)
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N Content  Inhibition Duration
N Source Base Compound Common Name(s) — % — — weeks —
S-coated urea urea SCuU 30-42 4-12
Enspan 39
Polymer/S-coated urea urea PolyPlus Poly-S TriKote 38-42 6-16
XCU 41-43
Polymer- or resin-coated urea Polyon, Osmocote, 38-44 8-14
urea Meister 25-46
Agriform Multicote
Escote
Prokote
ESN
Nutrisphere
Urea formaldehyde ureaforms Nitroform 38 10-30+
FLUF 18 6-10
Folocron 29
GP-4340 30
methylene urea Nutralene 40 7-12
Hydrolene
Nitamin
methylol urea Resi-Grow 30 610
polymethylene urea CoRoN 12 or 28 7-9
Isobutylidene diurea isobutylidine urea IBDU 31 10-16
Triazone triazone/urea N-Sure, Nitamin 28-33 610
TriSert, Formolene
Crotonylidene diurea urea/crotonaldehyde Crotodur, CDU, Triabon 34 6-12
Melamine 2,4,6 triamino-1,3,5-triazine  Nitrazine 50-60 612
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Material C:N N P K Ca Mg
% dry weight
Animal Based
Blood meal 2-3 9-13 0.2-1.0 0.2-1.5 1.5-3 0.3-0.4
Bone meal 4-5 4-6 7-12 0.2-0.3 18-25 0.5-0.6
Carcass meal 34 6-11 2-7 0.3-0.5 4-10 0.1-0.2
Guano 3-4 8-16 2-7 1-3 18-20 3-5
Plant Based
Fruit pulp 40-50 0.8-1.4 0.2-0.3 1.2-14 0.6-0.9 0.1
Brewers grain 10-12 3-5 0.4-0.7 0.5-1.0 0.2-0.3 0.1-0.2
Distillers pulp 8-10 5-6 0.7-1.0 0.8-6.0 0.2-0.3 0.1-0.2
Compost
Biogenic waste 15-25 1-2 0.2-0.5 0.5-1.3 1.5-5.0 0.3-1.6
Yard waste 30-50 1-2 0.1-0.3 0.5-0.7 4-6 0.4-0.6
Municipal Sewage
Biosolids 1-6 1.5-7.0 0.2-0.5 0-12 0.4-0.7
Source: Adapted from Trenkel, 2007, Fertilizers. In Ullmans Agrochemicals 1:3-142. Wile-VCH.
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Manure

Production
Animal Type Animals per AU' (as excreted) N (as excreted) N (after losses?)

tons/AU b/t

Beef cows 1 11.5 11.0 3.3
Dairy cows 0.74 15.2 10.7 4.3
Heiters, dairy 1.82 121 6.1 1.8
calves
Steers, calves, 1.64 10.6 11.0 3.3
bulls
Swine, breeders 2.67 6.1 13.3 3.3
Swine, 2.09 14.7 11.3 2.8
slaughters
Hens & pullets 250 TS5 26.9 18.5
Broilers 455 15.0 26.8 16.1
Turkeys for &7 8.2 30.4 16.2
slaughter
Turkeys hens for 50 2.1 22.4 11.2
breeding
AU =1,000 lb animal weight.
Holatilization and denitrification.
Source: Kellogg et al., 2000, USDA-NRCS, ERS, Report No. nps 00-057%.
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Available
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N Mineralized N Mineralized
During 15t Year in Future Years
Rapid N Organic N Organic N
= | Available | + Mineralized + Mineralized
(this year) (this year) (past applications)
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where N, = amount of N mineralized at time, t

N, = the total mineralizable N pool

k = mineralization rate constant (t 1)
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Moll et al. (1982)
* (1)etficiency of absorption or uptake wds o)

Uptake Efficiency=(Nt/Ns)

* (2)efficiency with which N absorbed is utilized to
produce grain 4 e 316
Utilization Efficiency =(Gw/Nt)
Nt = total N in the plant at maturity (grain + stover)
Ns = nitrogen supply or rate of fertilizer N
Gw = grain weight (all expressed in the same units)




Olson and Swallow, 1984 (27-33% of the applied N fertilizer was removed by the
grain following 5 years)
Calculating N Use Efficiency using

O

Appled N Gram Yield  Mcontent  Muptake  Ferilizer Recovery

koha kyha n kiha %
| 100 / Al :
dl 1300 2] 2.3 127 3-20160=14 &

10 2000 22 14 [44-20)/100=24
il 2000 23 4h d6-20)/150=17




Fertilizer N Recovery (Varvel and Peterson, 1990)

1. Difference method
PFR = (NF)-(NC) / R

NF = total N uptake in corn from N fertilized plots
NC = total N uptake in corn from unfertilized plots
R = rate of fertilizer N applied
PFR = percent fertilizer recovery



Agronomic Efficiency &1, 083

O

AE = (Yield in added fertilizer — Yield in control)/Fertilizer amount




