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^..:IC':E:E:R. ATOR. ,^

SUM^^. R. Y

The growth o^ gra, .n Legumes ^. nt. o AUStraLi. an ^arm, .rig

systems has been ,. noreas, .rig ^. n the 1980's. Part o^ thei. r

vaJ. ue i. n crop rotations i. s the, .,= ab, .I. ,. ty to fi. x atmospher, .c

n^. t, =o9en ,. n symbi. OS, .s wi. th Rhtzobtum. Th, .s may decrease the

need ^or rid. trogen fezt, .. L, .ser ^or crop foJ. Lowi. rig the Legume

crop. noh, .s i. s because some of the ^i. xed rid. trogen may be I. e:Et

R. :^\7:L, E:W'

i. n the legume crop restdue a:Eter g, =a, .n harvest and thus

become avai. LabLe to the ^OILowi. rig crop. ConsequentLy Legumes

have a reputati. on o^ mai. ntai. rid. rig or increas, .rig soi. L ni. trogen

status .

Many management practi. ces of the :Earme, = wi. I. L ,. n^Luence

the amount o^ rid. trogen fi. xed by the 92:'at. n Legumes crop and

thus the amount Le^t for the toLJ. ow, .rig crop. PI:'acti. ces I. i. ke

ground preparat. ton, ,. nocl. uati. on, fez'ti. I'd. se, : usage, ,. rr, .gati. on

and crop res, .due management aL, . a^fect the amount o^ rid. t, :ogen

:E, .xed and Left by the Legume crop. The toLJ. owi. rig Levi. ew

covers these and other management p, ract, .. ces. As we, .L,

certa, .n bioLogi. cal. aspects o^ ni. trogen :Ei. xat^. on are d, .soussed

g^. vi. rig background to the e^^ects o:6 management PI:'acti. ces.



CHAPT:E:IE^.

GR. ^..:L:^^

G, :at. n Legumes are a Lei. at, .veLy new crop ^. n AUStraLi. a when

compared to the trad, .ti. onal. ce, :eaL crops that. have, and

conti. nue, to doin, .nate the AUStraJ. ^. an croppi. rig scene. Gra^. n

Legumes are characteri. zed by h^. gh prote, .n and/or oi. I. content

grain. Va, .ues range ^Torn 20.6 to 44.3 percent

protei. n for chi. ckpeas and I. up, .ns respect, .veJ. y with most of

the other g, :a, .n Legumes i. n between (Spire'nt and Mt. rich, .n,

1985). Soybeans and groundnuts, whi. ,. e havi. rig hi. gh protei. n,

aLso have hi. gh oi. I. content (23.5 and 49.0 percent

respect, .veJ. y) (Norton et aZ. , 1985). ConsequentJ. y there i. s

.

:^..:E=GUM:E:S

i. n the, .r

TN' AUS':^'R. ALTA

cons, .derabLe nutr, .t, .onaL value to both inari and stock when the

gra^. n i's used for food. Grai. n Legume are consi. dered by some

peopl. e to be part o:E the answer to the ^o0d probJ. ems o^ the

wo, =Ld, parttcul. a, :Ly the under-deveLoped count, :,. es where

probei. n can be Lack, .rig ,. n the peopJ. e's at. et (MCWi. LL, .am and

Di. Ll. on, I 987 ) .

.

The vaLue o:E Legumes to any agri. cuLturaL system L, .es ^. n

thei. r abi. Li. ty to mai. ribai. n a symbi. ot, .c relationshi. p wi. th the

bact. e, :^. a Rhtzob. turn, whi. ch can '^i. x' atmosphe, =,. c d^. rid. trogen

gas, 112. Thi. s rid. trogen (11) ,. s then made ava, .. LabLe to the

host PI. ant to be ,. ncorpo, :ated i. nto PI. ant's ceJ. JULar

structure. (Thi. s process wi. 1.1. be outJ. i. ned i. n ^urthe, = detai. I.

i. n Chapter 2. ) As N i. s o^ten one o^ the most L, .ini. t, .rig

nut, :,. ents to PI. ant growth ,. n agri. CUI. tural. :Earmi. rig systems,

Legumes are a val. uabJ. e resource as they do not have the same

reLtance on soil. N as other agri. cultural. plants.



AUStraJ. i. an agri. CUI. tuz:e by Legumes shouJ. a not be

underesti. mat:ed. DoriaLd (1982) notes that:, part^. cuJ. an. y ,. n

the 1950's and 1960's the progress o^ agri. CUI. ture, and even

the who, .e AUSt, :a, .,. an economy, depended Largel. y on the

extens, .on o^ 'Pasture tinprovement' by the sowi. rig o^ exot. ,. c

Legume species. Based on the rel. attonsh, .p o^ superphosphate

The contz:i. but:ion i. n the past and i. n the :EUt:ure to

usage to N f, .xati. on, i. t was est, .mated that. the annual.

cont, :i. button o^ N by Legumes i. n AUStraL, .a from 1971-2 to

1975-6, was about 1.5 Mt ,. n ^e, =t, .I. i. zed permanent pastures and

0.5 Mt: i. n pasture-ce, :eaL rotati. ons (DoriaLd, 1982). Thi. s i. s

put ,. nto perspecti. ve when compared wi. th the esti. mated use ,. n

1984 of N ^ert, .I. ,. zer on pastures and ^orage crops o^ onLy

35kt (Myers and HenzeL, ., 1985). The energy requi. red to

produce urea in equi. vaLent amounts to the f, .xed 11 has been

estimated to be approxi. mateLy 3.6 Mt o^ oi. ,. (DoriaLd, 1982).

much SLOWe, : than that o^ the pasture Legumes, and ^. riterest i. n

grai. n Legumes ,. s onLy now begi. rini. rig to expand (Hambl. i. n,

1987). Th, .s can be seen from the producti. on trends shown i. n

The expansi. on of g, =atn Legume crops i. n AUStraLi. a has been

TabLe 1.1 and TabJ. e 1.2.

Western AUSt, :aJ. ,. a are prima, =,. Ly due to the use o^ peas and

I. up, .. ns i. n wheat-Legume rot:at^. ons (HambL, .n, 1987). Other

possi. bJ. e reasons for the incl. us, .on o:E grai. n Legumes into

cropp, .rig rotat, .ons, bes, .des economi. c returns :ETom the grai. n

i. ncLude; soi. L N bene^i. t, di. sease break, and soi. L structure

i. inprovemerit (Herz',. dge, 1982a).

The Large ,. ncreases in Vi. ctori. a an

on the threshoJ. d o^ a major change ,. n the tradi. t, .onaJ. I. ey

The predi. ct. i. on by Whi. te et aZ. (1978), that AUStra, .i. a was



pasture-cereaL crop rotati. on system, ,. s re^I. ected i. n the

exponenti. a, . growth o^ area sown to g, :at. n legumes (TabLe 1.2).

The growth ^. s LargeLy due 1:0 grain Legumes bei. rig ,. nco, =POTated

,. nto the cereaL cropp, .rig system. Dei. ane (1987) comments that

I. upiris (the mai. n component: of the i. noreased growth), are riot

just a real. i. sti. c complement to wheat but an essenti. aL eJ. ement

o^ wheat product, .on in the northern wheat beLt of Western

AUSt, :aJ. ,. a .

TabLe 1.1 Area sown to gra, .n Legumes by states ('000 ha)

State

New South Wal. es

QueensJ. and
South AUStral. i. a

Tasman, .a

Victori. a
Western Australia

Source: Hamb, ..^. n, 1987 .

4

TabJ. e 1.2 Area o^ grai. n Legumes :in AUStra, .,. a (' 000 ha)

1971

Legume

Soybean
I. ,up, .n
Ei. eLd pea
E'aba bean

Chick pea
Cowpea
Mung bean
Navy bean

14

13

14

2

6

27

I976
Year

1982/83

4

14

24

6

96

48.3
256.9
114.1

2 . 2

I981

TotaL

1983/84

22

17

69

60
98

Source: Rees, 1988

48.0

378.9
92.5

4 . 2
3 . I

7 . 9

17.1
5 . 9

11.2
15.9

5 . 8

1986

Year

1984/85

I 62

74

I 62

256

674

406.2

63.0
593.8
140.5

8 . O
6 . 4
6 . 4

23.9

6 . 5

1985/86

557.6

71.0

587.6
209.0
19.0
26.0

8 . O

34.0
7 . O

I986187 1987/88

848 . 6

66.0
746.0
310.0
37.0
71.0

13.0

38.0

8 . O

961. 6

52.4

1065. O
552.0
45.7
52.9
25.0
40.1
15.0

1289 .O 1848 .O



Reports o^ restdua, . N from prior Legume crops bene^i. ti. rig

the next crop are :ETequent. Whi. te et aZ. (1978) report that

i. n Vi. ctori. a wheat toLLow, .rig I. upi. ns cons^. stantJ. y had hi. ghe, =

y, .e, .. d than wheat ^oLLow, .rig wheat (a yi. eJ. d i. ncrease 0^ 60 to

80 ^). This i. nc, :ease was attr^. buted mai. nLy to the rest. dual. 11

^rom the J. upi. ns.

report wheat ,. nc, =eases ^,:Qin I. upi. n rotat, .ons 0^ 30 to more

than 100 ^ ,. n coinpari. son to wheat monocuJ. ture. Doughton and

MacKenz, .e (1984), esti. mated the res, .dual. e:E^ect o^ inungbeans

on sorghum was equal. to an appL, .. cat:i. on 0^ 68 kg N/ha ,. n

southern QueensJ. and. L^. kwi. se soybeans are estimated to have

suppl. ^ed 76 kg N/ha for the ^oLl. ow^rig sorghum crop (CLegg,

1982 ).

RowLand et aZ. (1986) in Western AUSt, :al. ,. a

Thi. s N bene^,. t ^I:. om Legumes provi. des a means o^

decreas, .rig fezt, .Li. zer cost and mai. ntai. n, .rig sod. J. text, .I. i. ty.

survey i. n 1974-75 0^ north-westearn New South WaLes wheat

soi. Ls by Doyl. e (1977), reveal. ed that 11 de^i. ci. ency i. s ^a, r more

widespread and more severe on the rel. ati. veLy more ^earti. I. e

cJ. ay so, .I. than has previ. ousJ. y been recogn, .zed. Thi. s area was

previ. ousLy t. bought to be adequate ,. n soi. I. 11 ^or wheat, but

40 ^ 0^ 141 si. tes surveyed gave economi. c resopnses t:0 30 kg

N/ha. Ten years previ. ousLy on, .y 22 ^ 0^ surveyed si. tes

responded to 30 kg N/ha. OnI. y s^. tes w, .th more than 30 ppm

so, .L rid. trate (measured i. n May) di. d riot respond to ^erti. I. i. zel:'

(Doyl. e, 1977). S, .rice wheat prote, .n content and yi. eJ. d may

i. norease wi. th i. ncreasi. rig rates of N ^e, :t, .Li. ser (Barber and

a'essop, 1987), g, :a, .n Legumes ^i. xing atmospheri. c N wi. I. L become

more ,. inportant i. n maintai. n, .. rig so, .L ^ert. ,. It. ty and decreasi. rig

fez. ti. Li. zer cost.

A
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D, .^^erences ,. n day, night, and average seasona, .

temperatures are the mai. n env, .roninenta, . factors a^fecti. rig the

d, .stri. but, .on o^ Legumes. Temperature ef^ects are exh^. bi. tea

by die^erent spec, .es hav, .rig di. f^e, :ent CT, .t^. caL temperature

requ, .,=ements for seed germ, .nat, .on, vegetati. ve growth,

^Loweri. rig, and seed set (Adams and Pi. POLY, 1980). Legumes

a, .so di. sp, .ay speci. f, .c responses to dayJ. ength, and may requi. re

short or Long days ^. n whi. ch to ,. ni. ti. ate :ELoweri. rig (Adams and

Pi. poly, 1980).

Tn the Legumi. nosea Earni. I. y there are three sub-faint. I, d. es:

the Mi. inOSo, .deae, Caesal. pi. rid. oi. deae, and the Pap, .,.,. ono, .aeae.

The most important agri. CUI. turaL, .y o^ these three i. s the

Pap, .Li. onoi. deae sub-:Earni. I. y, as the grai. n and pasture Legumes

are part o^ thi. s group (Lange, : and lit. LL, 1982). Tt ,. s th, .s

group that ^. s abLe to be expJ. oi. ted by agri. CUI. ture due to t:he

groups potent, .aJ. to ^i. x 11.

2.2 antzobtum, Tritect^. on and Nodu, .at, .on

2.2. I Desc, :i. pti. on of the BaOter, .urn

but al. so combi. rid. rig symbi. ot, .ca, .,. y w, .th PI. ant:s ^z=om the

Legum, .nosae ^ami. Ly. They contai. n the enzyme nit:Togenasease

whi. ch i. s responsi. b, .e for reduc, .rig ino1. ecul. es of di. nitrogen

(I^2) to annon, .urn (NH4'). Rhtzobta are cJ. ass, .^i. ed as short to

medi. urn Grain-negati. ve rods, usuaLLy occuri. rig si. riguLarJ. y or i. n

pai. r's. Being aerobic chemorganotrophs thei. ,r energy

requi. ,:ements are met by organi. c substrates, and they grow

30'C on coinpLex medi. a.

Rhtzobtum are ^,:ee I. i. v^. rig bacteri. a occuri. rig i. n most so^. Is

best at 25



There are two mai. n types of I^htzobtum: the :East growers

that have a mean generati. on t, .me 0^ 2-4 hours, and the SLOW

growers w, .th a mean generati. on t, .me 0^ 6-8 hours' The ^ast

growers i. ncJ. ude R. phaseoZt, R. Legumtnosarum and R. Zuptn. i,

whi. ch noduJ. ate common beans, peas and I. upi. ns respecti. veLy.

The SLOW

Bradyrhtzobtum, and ,. nc, .ude R. japontcum and the cowpea type

wh, .ch noduLate soybeans and Vtgna spp. respecti. veJ. y (V, .ricent,

1977; Sprent and M^. richi. n, 1985). The fast

growers

use many sugars and organ, .c act. as, whereas the SLOW grower

are more speci. a, .i. zed and common, .y prefer pentoses as their

carbon source. Attri. butes o^ some important agri. CUI. turaJ.

are now cLassi. :E, .ed under the

Rhtzobta and thei. ,= host. are shown i. n Tabi. e 2.1.

Rhtzobtum that i. s riot. known to have had a common cLonaL

A ~st, :a, .n' 0^ Rh. izobtum re^e, :s to any cuLture o^

h, .story wi. th another CUI. tu, =e o^ Rh. izobtum. Rhtzobtum ~type'

refers to any number of strai. ns grouped together by a

conven, .ent characteri'st, .c, for exampLe a si. in, .Jar seroJ. og, .caL

reacti. on (Vi. ricent, 1977 ).

9

new genus

The n, .tarogenase enzyme ^. s very suscepti. bJ. e to oxygen gas

The presence o^ ^Tee oxygen near the enzyme riot onLy stops

the reduCt. i. on o^ N2 to NH4' but the enzyme's protei. ns are

also ,.,:revers^. bJ. y destroyed (Postgate, 1978). As ^,. xati. on ,. s

expens, .ve ,. n terms o^ energy (see secti. on 2.3. I), a

conti. nuous ^Lux o:E oxygen to the bacte, =oi. ds (N ^,. xing

Rhtzobtum encLosed I. n the host's noduJ. e), ,. s needed. Oxygen

i. s used in the mai. n energy releasing b, .oohem, .caL react, .on,

oxi. dati. ve phosphoryl. ati. on, to make adenos, .ne tr, .phosphate

(ATP), (the b, .oLog, .caL energy currency). Therefore

growLng spec, .es

oxygen



TabLe 2.1

Genus

Tribe of Legume host

Some major characteristics of nodules of grain legumes

PHASEOLEAE

Cairn, "s

GZgo^,?Ie
PhaseoZt, s
PhaseoZt, s

Psophoeaz, pats

Vigna
Vigna
V^, grid

Species

o@Jan

VTCIEAE

Lens
Ptsw"
neta

mac

Zz, ?Iatt, s

DMZgaz, is
tetZ'@90noZobz, s

Species

CTCEREAE

Ofoez,

JinkitgO
r@did*a

31ngZ4^011Z@t@

Rhfaobiwn

promzscuous

ABSCHYNOMENEAE

Arcohis

Jap0?12-030n
cowpea type
phaseoZi
slow growing

o21Zi?lapis
satinum

f@b@

Growth*

GENTSTEAE

Lt, pinus

cowpea type
cowpea type
cowpea type

slow

arte*^nun

* **
On defined media; fast-growing strains have recentLy been isolated in China
Source: Spren* & Minchin. 1985

slow/fast**
SLOW

fast

SLOW

Mode of

infection

ZegWn',?, OS@nun
Z8glmlinOS@7,071
Zegzmi?10saz'urn

hypog@e@

root hair

slow

slow

SLOW

root hair

root hair

root hair

root hair

spp.

sp .

Nodule

growth

fast

fast
fast

various

root hair

root hair
root hair

determinate

when young
determinate

determinaLe

deterinitiate

deterinitiate

when young
deterinitiate

deterinmate

determinate

Zttpt:?If

fast

root hair

root hair

root hair

Frillci. paL
product
exported

fast/slow

root hair

urei. des

fast/slow

ure, .des

urei. des

urei. des

urei. des

Indeterminate

indeterminate

indeterminate

lateraL root

junctions

urei. des

urei. des

urei. des

indeterminate

root hair

Indeterminate

antdes

ami. des

ami. des

I. ridetermi. nate ,

collar-shaped

antaes,
urei. des

uref. des ,
ami. des

ami. des

-,

o



concentrati. on around the bacteroi. ds must be kept Low to avoi. a

i. .nact:,. vati. rig the ni. trogenase enzyme, but: at the same t^. me i. t

must be hi. gh enough ^or ATP producti. on. This oxygen

'protecti. on/regul. ati. on' constra, .nt i's provi. ded by the host

PI. ant through keep, .rig the bactero, .ds ,. n a noduJ. e with a Low

but conti. nous SUPPLY o^ oxygen (W, .tty et aZ. , 1984).

Th, .s 'oxygen' constrai. nt on the nodul. e operates i. n three

ways. Fi. r'st, gaseous eXchange Occurs through a reguLated

permeabJ. e membrane between the outer cortex and i. riner cel. I, S

o^ the noduLe. Second, respi. ,=ati. on by the i. riner ceJ. I. s bel. ps

to keep oxygen tens, .ons Low, and th, .rd, Leghaemog, .obj. n

bu:Efe, :s the cytosol. and transports oxygen to the bacte, :0, .as

(Sheehy et aZ. , 1983; Wi. t:ty et aZ. , 1984). Due to the

constraint Rhtzobtum normal. I. y do riot ^i. x I^ except when they

are conta, .ned wi. thi. n a host's noduLe (Postgate, I 978).

2.2.2 Tn^ect, .on and NoduLat, .on by Rhtzobtum

process between Rh. izobtum and the^., r host Legumes (Dart:, 1977;

Dazz0, 1980). Tt i. s suf^,. ci. ent ^or I:hi. s Levi. ew to g, .ve a

Much has been wrt. t. ten on the ,. n^ecti. on and nodul. at, .on

b, =i. e^ overvi. ew.

ALthough nearLy al. L so, .,. s contai. n Rhtzobta, thei. r

a, .stri. butt. on and numbers deveLop, .rig i. n the Legume root

,:bizosphere wi. I. L ,. n^I. uence i. n^ect, .on (Dart, 1977). There i. s

mutual. host-symb, .ont recogn, .ti. on o^ the Rhtzobta on the

Legume rhi. zopJ. ane. The I:'bizosphere and inuci. gel. Layer are

r^. ch ,. n growth-sti. inuJ. ati. rig substances, wh, .ch may faci. I. i. tate

oxyge



the atI:Tacti. on of Rhtzobta to the p, .ant root surface ^torn the

surrounding soi. L envi. roninent (ROL^e and Richardson, 1987).

Most o:6 the Rhtzobtum that have come i. nto contact w, .th the, .r

speci. fi. c host reina^. n on the root sur^ace.

i. riteract with newJ. y emerging root hat'=s and ,. rid. t, .ate a

pronounced curL, .rig o^ the grow, .rig bai. ,: ceLJ. s. meect, .. on

proceeds as Rhtzobta, entrapped wi. thtn the curl. ed root bai. r

begin to induce an i. n^ecti. on thread, whi. ch penetrates the

PI. ant ti. ssue and continues to grow and raini. fy ,. n the root

cortex.

,. nto the a^. v, .. ding root. cortex cel. I. s and are packaged wi. th, .n

the PI. ant membrane thus resulting in the format, .on o:E a

nodul. e. The Rhtzobtum continue to grow unt, .L ul. ti. mateLy they

a, .feerenti. ate ,. nto bacteroi. ds whi. ch are capable o:E ^i. xi. rig N

(ROJ. ^e and R, .chardson, 1987; Dart, 1977).

From the ,. n^ecti. on thread the bacteri. a are rel. eased

Some, however,

12

2.3 Control. s of F^. xat^. on A^^ected by Management Deci. s^. ons

2.3 .I The E:ne, =geti. CS of Fixation

The ^ex't, .Li. ze, : ,. ridustry can ^i. x atmospheri. c N at. intense

pressures and temperatures w, .th a cataJ. yst. The reaction:

2NH4'

i. s exothe, :ini. c but requ^. res Large inputs o^ energy mostLy for

the reduct, .on o^ H20 (steam) to H2. This reacti. on i, s

accompLi. shed b^. o1.0gi. cal. I. y by the inu, .t, .component enzyme

ni. tarogenase, whi. ch not onI. y reduces N2 but al. so protons and

acetyLene (Schubert: and RyJ. e, 1980).

N2 + 3H2 + 2H'
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(1981) that the of noduJ. at N2 ^i. xati. on per inoLe ,. s between

Tt has been est^. mated i. n a rev, .ew by Mt. richi. n et aZ.

25.5 and 49 ATP equi. veLents. M^. rich^. n et aZ. (1981) aJ. so

i. rid, .cate that: the cost depends on the proportion of eLectrons

,. nvo, .. ved i. n H2 producti. on, the presence or absence o^ an

uptake hydrogenase, and the type o^ organi. c ni. trogenous

compounds exported. Hardy et aZ. (1980) have estimated that

to fi. x 289 of N2 i. n soybeans, requi. res 60 ATP equ, .veLents.

Pi. fty percent o^ these are i. nvoJ. .ved i. n the actuaL 112 and H'

reduct, .on and the other 50 ^ are used for synthes, .s and

mai. ntai. nence o^ the system as weI. L as i. inport and export o^

noduJ. ar substrates and products. These vaLues are put i. nto

perspecti. ve by Schubert and RyJ. e (1980), who est^. mate that:

between 10 and 30 ^ 0:E the total. net photosynthate produced

by the PI. ant may be ut, .I. ^. zed by N fi. xat, .on i. n the Legume

noduJ. e .

14

^,=om a metabol. ,. c v, .ewpo, .nt (Sprent and M, .rich, .n, 1985). Hardy

et aZ. (1980) proposed that ^i. xati. on i, s Jimi. ted by the amount

o^ carbohydrate that i. s exported to the roots and nodules.

Through concent, :at, .rig CO2 i. n the atmosphere they were abJ. e to

decrease photo, :espi. rati. on, thereby i. ncrease cropped soybean

y, .eJ. ds by 98 ^. On the other hand, oxygen SUPPLYed to the

bacteroi. ds for use i. n respi. ration may be the factor I. ^. ini. t, .rig

fi. xat, .on (Be, rgerson, I 977 ).

Much attent, .on has been devoted to what I. ,. in, .ts IT ^i. xat. ton

recent ^i. rid, .rigs. Work carri. ed out by Sheehy et aZ. (1983)

and Witty et aZ. (1984) ind, .cates there are two types of

noduLes: those that can adjust rapidly wi. thi. n ten minutes to

These two POS, .t:i. ons may be reconci. Led as a resuLt o^



i. nCTeaSed 02 pressures, and those that can onI. y adjust

SLOWLY. Nodul. es associ. ated w, .th wh, .te cJ. over, JUGerne and

pea are ,. n the ^i. r'st category, those associ. ated w, .th soybean

and sai. n^0, .n are ,. n the second category. Other work by

Sheehy et aZ. (1980) and Wi. LLi. ams et aZ. (1982) showed that

wi. th i. nc, :easi. rig shoot photosynthes, .s, ^i. xati. on acti. vi. I:y i. n

I. uce, =ne i. noreased J. i. nearI. y. For soybeans however,

^i. xat. ion Level. was reached thus indi. cat, .rig oxygen in, .ght be

Li. ini. ting fi. xati. on. These resu, .I:s show that whether i. t i. s

carbohydrate or oxygen that Jimi. ts 11 fi. xati. on, w, .L, .. depend on

the speci. es ,. n quest, .on. Thus, soybeans appear to be I, d. ini. tea

by oxygen whereas I. uce, =ne wouLd be J. jini. bed by carbohydrate.

2.3.2 The Effects Combi. ned Ni. trogen on Pi. xat, .on

Dependi. rig on the I. eve, . ,. n the so, .I. , combi. ned N

(parti. CUI. arLy nitrate and ammonium) can ei. the, = sti. inu, .ate or

i. ribi. b, .t 11 ^,. xati. on. General. J. y, high Level. s o^ ni. trate

i. rib, .bi. t noduJ. atton and ^^. xat, .on, whereas Low Level. s sti. inul. ate

these processes.

that combi. ned 11 has no e^^ect, though thi. s Level. has riot: been

a maxLmum

weLL documented.

.

Pate and Dart (1961), G, .bson (1976) and BagJ. esham et a. I.

1983) have shown that sinaLl. amounts of comb, .ned N can

At i. rite, :med, .ate I. eveLs it i. s to be assumed

sti. inuJ. ate noduLati. on and N ^,. xat^. on ,. n di. ^^erent Legume

spec, .es by Rhtzobtum st. rat. ns. Thi. s sti. inuJ. at, .on i. s thought to

occur i. n young plants when the pLant i's dependent on seed

reserves for N SUPPLY. The strength of the coinpet, .ti. on

between shoots, roots and devel. opi. rig noduJ. es ^or ^Tee ami. no-



act. ds depends on the envi. ,:oninent. al. condi. t^. ons, such as

photoper, .od, ino, .sture cond, .t, .ons, soi. I. oxygen LeveLs and soi. I.

temperature Level. s (F, .i. te, = and Hay, 1981). SuppLementat^. on

with combi. ned N shouJ. d al. Levi. ate thi. s 11 stress, but the

t. tin^. rig and Level. 0^ suppJ. ementat^. on i's i. inportant. The Later

the appJ. ,. cati. on and Larger the LeveL app, .,. ed w^. 1.1. tend to

reduce i. nstead o^ sti. inuLate noduJ. at, .. on and ^,. xat^. on (G, .bson,

1976).

soi. I. nitrate was thought: to arise ^,:om the reduct, .on o:E

The inh, .bi. ting e:E^ect on nodu, .atton by hi. gh I. eveLs o:E

ni. trate to ni. t, =i. te by the Rhtzobta (Gi. bson et aZ. , 1977).

Intr^. te then acted as a catal. yst to destroy ,. rido, .e, .aceti. c

aci. d (:LAA), wh, .ch i. s needed for ^. n^ect, .on and noduJ. e

i. ni. t, .at, .on (Tanner and Anderson, 1964). Thi. s theory was

questioned by Gi. bson and Pagan (1977), who showed that

noduLat, .on by Rhtzobtum deft. c, .ent i. n ni. trat. e-reductase was

aLso del. ayed by the presence o^ ni. trate. Hence, i. :E ni. tr, .te

does ,. rib, .bit noduLat, .on, ,. t must be produced by the pLant.

G, .bson and Pagan (1977) then proposed that ,. niti. ati. on i. s more

I. ,. kel. y to be retarded by a n^. trate-,. riduced carbohydrate

i. nsu^fi. ci. ency i. n the roots.

16

Si. in, .. Jan. .y, N f, .xat^. on ,. n the noduJ. .e i, s thought to be

reduced by ni. trate ei. the, : atrectJ. y through the producti. on o^

n^. tri. te ,. n the nodule thus ,. ribi. bi. t, .rig the nitrogenase enzyme,

or ,. rid, .rectLy through J. i. init, .rig carbohydrate suppLy to the

nodu, .e (Gi. bson et aZ. , 1977; Sprent and Mt. richi. n, 1985).

BaOto, :i. ods were thought to conta, .n the ni. trate-,:eductase

enzyme, but as stated above th, .. s was supposedLy ai. sparoven by

Gi. bson and Pagan (1977). However, nitrate-reduct. ase act, .vi. ty



has SLnce been found i. n the cytosoL o^ noduLe cel. I. s

(Streeter, 1982), hence nitrite couLd SL, .1.1. be responsi. bJ. e

^or reduced N fi. xat, .on. Later work by Streete, : (, 985a)

showed that the concentration o^ ni. tri. te ,. n noduJ. es was

unreLated to nodu, .e wei. ght per PI. ant or to speci. ^,. c acteyJ. ene

reducti. on acti. vi. ty. Yet nodtiLe growth and n, .t, :o9enase

acti. vi. ty was sti. LJ. ,. ribi. bited up to 83 ^ by nitrate,

regardLess o^ the Rhtzobtum stain ,. nvoJ. ved.

The carbohydrate def, .ci. ency theory i, s based on

observat. ^. ons that Less carbon ^Lows to nodul. es after PI. ants

are g, .ven nitrate (Sprent and M, .rich^. n, 1985). However, work

by Streete, r (1981, 1985b), throws doubt on the va3. i. d, .ty o^

t. h, .s theory. He showed that n, .trate-induced decLi. ne ,. n

f, .xati. on by soybean nodu, .es was riot accompani. ed by any

s^. grid. f, .cant changes ,. n the carbohydrate POOL concentral:i. ons

wi. thi. n the noduLe.

Recent genet, .c research on the i. riducti. on o^ nodul. ati. on

and 11 ^i. xati. on has shown that legume pLants re, .ease

sti. inuLatory hydroxy^I. avones and ^. so^I. avones ,. n the root bai. r

zone to i. n, .ti. ate noduLati. on. Si. ini. Jan. y, ,. ribi. bi. to, :y compounds

are rel. eased a, .orig the root as we, .I. . Tt: has been proposed

that ^. t i. s the st^. inuLato, ::i. ribi. .bi. to, : ratio that determines the

s, .tes o^ noduLe i. ni. ti. atton (ROLEe and Richardson, 1987).

these or si. ini. Jar substances aLso control. ni. t, :ogenase

acti. vi. ty, ,. t woul. d make sense that: the reLease o:E these

substances are somehow contr03. Led by the N status o^ the

PI. ant. Hence, ,.. f the pLant has adequate I^ i. n the ^orm o:E

rid. trate, i. t produces more i. ribi. bi. tory compounds thus reduci. rig

noduJ. e in^. ti. ati. on and ni. trogenase rate. re on the other

T^



hand, it i. s deft. c, .ent i. n N ,. t rel. eases sti. inuJ. at:ory compounds

hav, .rig the opposite ef^ect. These bi. ochemi. cal. ef:Eects wouLd

aJ. so be control. Led by oxygen levels and phohotosynthate

Level. s as di. soussed earl. ^. er. :re th, .. s mechan^. sin i, s correct,

then n, .trate wouLd ind^.,:ect. Ly cont, =oL noduJ. ati. on and

^,. xati. on .

2 .4 Conc, .us, .ons

The use o^ Legume crops by agri. cull:uraL systems ,. s very

dependant on the symb, .oti. c rel. at, .onshi. p between the host

pLant and the bacter, .urn. An understand^. rig o:E the

reLati. onshi. ps between the bacterium and the host pLant i, s

Legui. red to best man, .pul. .ate them ^or agronomi. c purposes.

th, .s reason the Legume pi. ant and the bacterium have been

b, :i. e^I. y d, .scussd. Controls o:E fixat, .on mai. nJ. y a^^ected b

agronomi. c management deci. s, .ons were al. so di. scussed to give

background i. nfo, :mat, .on ^or the foLJ. owing chapter.

18
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3 .1.1 So, .L Pert, .L, .ty

The ai. in o^ fezti. I. i. se, = appl. ,. cati. on ,. s to reduce

I. i. ini. tati. ons on Legume growth and nutr, .ent de:Etci. ency. As

responses to ^er{:,. I. i, se, :s di. :E^er for Legume spec, .es, I. t i, s

beyond the scope o^ t. hi. s revi. ew to di. scuss each speci. es and

fez'ti. I. i. se, = and the reader i. s referred to DoyLe's (1987)

revi. ew o^ current ^erti. It'ser use w, .{:h grai. n Legumes

AUStra, .i. a .

actdi. ty and soi. L 11, both o^ which can PI. ace i. inportant

const. Tai. nts on I^ ^i. xati. on i. n AUStraJ. i. a.

The present d, .soussi. on i's restr, .cted to soi. ,.

SotZ Actdtty

ProbabLy the Largest restra, .nt on 11 ^,. xati. on ,. n terms o:E

so, .L ^erti. I. ,. ty ,. n AUStral. i. a i. s that o:E aci. d soi. I. s.

e^:Eect. s o:E soil. actd, .ty on nodu, .atton has been rev, .ewed by

Munns (1978). Rhtzobtum survi. vaL i. n the sod. J. ,. s rel. ated to

pH, caLci. urn and aJ. urn^. rid. urn/manganese Level. s. Tolerance to

20

these d, .^^erent ^actor's vari. es greatLy bet:ween starai. ns of

Rhtzobta with some SLOW growers tol. erati. rig pH as Low as 4.5

(Munns and Mosse, 1980). Tn^ect^. on ,. s sensi. ti. ve to pH and to

Low cal. ci. urn, whereas noduLe functi. on and N f, .xati. on appears

to be a^^ected by h, .gh al. urni. ni. urn and manganese Levels (Munns,

1978; HeLyar, 1981). GeneraLLy growth o^ the Legume host and

their spec^.^^. c bacteri. a have si. in, .Jar tolerances to pH

.

Ln

and the, .r host pLant, seLecti. rig the app, :opri. at. e speci. es can

bel. p overcome so, .L act. di. ty probl. ems. E:xampLe o^ this stategy

Due to di. ^^earences i. n pH toLetance i. n both the Rhtzobtum

are the use o^ I. upi. ns in the acid SOLLs of Western AUStraLi. a

The

and chi. ckpeas for more al. kaLi. ne soi. I, S. :L^ so, .L pH i, s 1:00 Low



or aJ. urni. ni. urn saturati. on ^. s too hi. gh for the chosen crop

spec, .es the so, .I. can be ,. i. med to raise the pH and i. nt, :oduce

cal. c, .urn i. nto the sod. I. pro^^. Le.

pH 4.55 to 5.9 decreased aJ. urni. n^. urn satu, =ati. on :Earom 81 to 4 :^

and ,. ncreased noduJ. e number per plant on soybeans ^rom 21 to

77 (Sa, :ti. n and Kamprath, 1975). NoduJ. e number was hi. ghJ. y

correLated w, .th caLci. urn in the pri. mary root.

The b, .o1.09, .caL e^fects o:E so, .L comb, .ned N have been

at soussed ,. n Secti. on 2.3.2. Both sti. inuJ. aJ. ti. on and depressi. on

SOLL ni. troqen

o^ noduLati. on and N f, .xati. on in 91. ass house cond, .ti. ons can be

Li. ming o^ an aci. d sod. I. ^,:om

seen ^1:0m the data o^ Kuma, : Rao et aJ. . (1981) in Table 3.1

At 25 ppm 11 both nodul. e wetght and n^. t, :ogenase acti. vi. ty ^or

cowpea ,. noreased but were depressed at 50 ppm N. Nodul. at^. on

and ^i. xati. on in pigeon pea, however, was depressed at 25

ppm N.

21

Table 3.1 Effect of combi. ned ni. t, :o9en on growth, noduLati. on, and
nitrogenase acti. v, .ty of pigeon pea, common bean and cowpea
grown in nitrogen-free med, .urn.

Top dry wt (g/pLant)
NoduLe dry wt (ing/plant)
Nitrogenase (wristC^H, /plant/hr)

Top dry wt (91pl. ant)
Nodu^e dry wt (ing/plant)
N^ttOgenaSe (unOLC2H, /plant/hZ)

Top dry wt (g/pLant)
Nodu, .e dry wt (ing/plant)
Nitrogenase (urnoLC^11.1pLant/hr)

T:CT'19ated wi. th SOLuti. on conta, .nt. rig (ppm N)

o

2.65

170

11.8

Source: Kumar Rao et aL. , (1981)

25

3.23

128

8 . 4

3.63

188

12.8

50

Pi. geon pea
3.47

41

3 . 2

5.38

I I 3

18.5

4.29

I 56

10.9

75

Common bean

6.52

67

13.2

3.84

29

2 . I

5 .81

190

11.5

100

Cowpea
7.05

I I O

6 . 6

6.52

33

3.41

3.62

15

O . 6

8.29

93

4 . 6

6.64

7

1.01

8.61

27
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3 .I. 2 Land Prepa, rat, .on

In. rid. mum ti. I. Lage farming systems are bei. rig advocated to

reduce so, .,. erosi. on, conserve ino, .sture and avo, .a compact, .on

o^ sod. L. L, i. t. tJ. .e work has been done on ini. rid. mum ti. ,. Lage's

e^fect on N ^i. xati. on in grai. n Legumes. The mai. n e^^ect on

:Ei. xati. on ^rom work that i. s avai. LabLe, ,. s

o^ N through CUI. ti. vat, .on.

so I 0:1

the ini. nearal. ,. sat, .on



DripubLi. shed data by D. Herz, .dge and a'. HOLLand (pers.

coinm. ) in the short term have shown that noduJ. ati. on and

:E, .xati. on by some Legumes i's ,. ncreased by in, .n, .mum ti. 1.1. age.

Soybeans (var. Forrest) showed a Large i. ncrease i. n noduLat, .on

,. ridex (noduLe mass as a percentage o^ shoot mass) and N

^i. xati. on w, .th in, .n-ti. 1.1. , as compared to cu, .ti. vated treatments.

However, cowpeas, inung beans and pi. geon peas showed no

si. grid. ^i. cant di. ^fezences over the treatments.

cons^. dered to be reLated to i. ncreased ini. netaJ. N Level. s i. n the

The e^^ect on the Forrest variety o^ soybeans was

sod. L through cuLt, .vati. on (i. n that season) which then

depressed ^,. xati. on i. n soybeans. Thi. s var, .ety o^ soybeans

appears

speci. es. The CUI. ti. vati. on effect ,. s unLi. keJ. y to be soleLy

caused by rid. tarate, as pi. geon peas are general. I. y very sensi. tve

to ,. ncreased ni. trate J. eveLs (ECUmar Rao et aZ. , 1981).

weLJ. , PI. ant dry-matter generaLJ. y i. ncreases al. though N

to be more sens, .t, .ve to rid. trate LeveLs than the other

24

:Ei. xati. on decreases when n, .t. rate LeveLs i. ncrease.

speci. es decreased total. dry-matter w, .I:h culti. vati. on wh^. ch had

more mineraL N present.

:Ln spi. te o^ whether ,. noreased ni. t, :ate through CUI. t, .vat, .on

depressed noduLati. on and N ^i. xati. on, the tota, . N/ha that

wouLd have been fi. xed wouJ. d have been greater as dry-matter

producti. on ,. noreased wi. th ini. ni. mum t, .I. Lage.

Th, .s ,. ncrease i. n N due to fi. xat^. on resuLti. rig from ini. n, .mum

ti. ,. Lage i. s supported by I^1.1. i. rigton (1987), who compared di. rect

dri. I. Led to culti. vated pLots ,. n a si. x year wheat-I. upi. n

rotation. Tt was found that direct dr, .LJ. .ed pJ. ots had hi. ghe, :

As

Yet aJ. L
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Two systemi. c fungi. ci. des (metal. axyL and benaLaxy, ..), whi. ch

al. Low more e^^ect^. ve control. 0^ root rots do riot a^^ect:

of the above four control. s on 11 ^i. xati. on by R. Japontcum

soybeans .

Reports on pre-emergent herb^. c, .des tri. ^JUL'i. n, I. ,. nuron

atraz^. ne and s, .ini. z, .. ne general. Ly i. ridi. cate that they do riot

at^ect nodu, .atton and fi. xati. on at suggested ,. eveLs o^ use

(RoughJ. ey and BLOCkweJ. I. , 1987). T^ noduJ. at, .on and ^i. xati. on

have been decreased, i. t may be due to an e:E^ect on the Legume

rather than on the Rh. izobta (Kuma, : et aZ. , 1981). Besi. des

i. riteract, .on between herbi. ci. des and Rhtzobtum spec, .es and

strai. ns, and between herbi. c, .des and Legume speci. es, there i. s

aLso an interact. i. on wi. th soi. L organic carbon and CT. ay content

due to adsorption. Low I. eveLs o^ both organi. c carbon and

c, .ay appear to accentuate any toxi. c, .ty which depresses

noduJ. at, .on and :E, .xati. on (Duni. gan et aZ. , 1972).

mai. ntai. n^. rig organ, .c Level. s i. n the soil. may decrease toxi. ci. ty

e^fects o^ herbi. ci. des.
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any

z. n

subsequent noduLati. on and :Ei. xati. on. The e^^ects o:E

carbamates and organophosphates were ^ound to di. ^^e, : between

Rhtzobtum speci. es (Li. n et aZ. , I 972). T, :i. n^. ck (1982a)

Trisecti. c^. des aLso vary ^. n their ef^ects on Rhtzobta and

concJ. uded that, as Rhtzobtum strains vary wi. thi. n and between

spec, .es i. n the degree of the, .r sensi. t, .vi. ty to pesti. ci. des, no

general. i. zati. on couLd be made to di. ^^erent, .ate between speci. es

o^ Rh. izobtum.

Hence



3.2 PLANTTNG PRA. CTTCES

Management decisions that a^fect N fi. xat. ion o^ a crop

^. ncLude; triocuLat, .on pract, .ce, PI. anti. rig densi. ty and t^. me o^

PI. anti. rig as a:E^ected by the env, .roninenta, . condi. ti. ons.

3 . 2 .I mooul. at:,. on Practi. ce

o^ten been argued agai. nst the need ^or triocuJ. ati. on. Bes, .des

varyi. rig Rh. izob. turn Level. s two ^actor's to support ,. nocu, .ati. on

a) Symb, .OSi. s between I^htzob. turn and their host Legume

are reLati. veJ. y spec, .f, .. c, and (b) speci. :Ei. c Rhtzob. turn are

e, .the, : effecti. ve or i. neffecti. ve i. n thei. r N ^,. xi. rig capac^. ty

(T, :i. rid. ck 1982b). (E^fecti. ve Rh. izobtum are abLe to noduLate

and f, .x N ,. n the host PI. ant whereas, I. net^ecti. ve Rh. izob. turn

can onLy nodul. ate the host PI. ant (Di. xon and Cannon, 1976)).

Therefore triocuJ. at, .on i, s necessary to i. ntroduce a speci. ^i. c,

e^fecti. ve stra, .n o^ Rhtzobtum for a particul. a, r host.

As most so, .I. s contain vary, .rig I. eveJ. s o^ Rhtzob. turn ,. t has
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ALLen and ALLen (1961) (c, .t. ed i. n Brookwel. L, 1982) have

I. i. sted ^our cond, .ti. ons whi. ch war, :ent the treatment o^ Legume

seed w, .t. h triocuLant preparat, .ons:

a) the absence of the same or a symb, .oti. caLLy-reLated

Legume i. n the immediate past hi. story o^ the Land.

b) poor nodul. ati. on when the same crop was grown on the

Land previ. ousl. y.

c) a Legume toLLows a non-Legume crop in a rotat, .on.

d) i. n Land recLamati. on work.



Triocu, .atton methods have been revi. ewed by BTOckweJ. I.

(1982) and Rough, .ey and BTOckweL, . (1987). The methods are

e^. ther seed or seed bed ,. nocul. ati. on.

can be ached. ved by dusti. rig I:he seed, SLUTry or pastei. rig the

seed by a water SOLut, .on, or seed peL, .et, .rig wi. th gum

substance.

appl. yi. rig ,. nocu, .ant through i. JCL. i. gati. on water, by spray, .rig

i. nocul. ant beLow the seed, or by i. nocuLat, .rig the seed of the

p, :i. or crop when ,. t ,. s p, .anted.

Seed bed i. nocuLati. on can be carr, .ed out by

O^ these methods the most common are seed coat:i. rig ,. n a

slurry or by spray, .rig ,. nocuJ. ant bel. ow the seed. As the

SLUT, =y method concentrates ,. DocuLant around the seed, more

nodu, .es are ,. ni. t, .aLJ. y produced in the f, .,=st si. x weeks (as

root growth i. s cJ. OSe to the seed POSi. ti. on). Compared to

thi. s, spray i. nocul. ati. on whi. ch di. stri. butes i. nocuJ. ant evenLy

al. orig the row and encourages movement down the pro^i. Le showed

greater noduLati. on at 16 weeks (RoughLey and BrookweLJ. 1987).

TriocuJ. atton o^ the seed
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Th^. s was because the root had to grow down to the Rhtzobtum.

NoduLati. on :Eai. Lure dun. rig the fi. r'st year o:E Land be^. rig

used ^or Legume crops has been thought t:o occur through

i. nadequate estabLi. shinent o^ Rhtzobtum numbers at the time o^

sowing (Herz'i. dge et aZ. , 1987). Sowi. rig and ,. nocul. ati. rig i. n

hot, dry cond, .ti. ons i. n new Land has resuJ. ted ,. n N de^i. ci. ent

PI. ants .

Level. s up to 100 times the normal. level. . However, even at

these LeveLs the amounts of fi. xed N were Less than when the

Th, .s was partLy overcome by increasi. rig ,. nocul. atton

crop was sown at the same t, .me on sod. I. previ. ousLy colon, .zed

by Rhtzobtum (Herz'i. dge et aZ. , 1987).



Numbers of an ,. nocuLati. rig strai. n of Rhtzobtum are often

a^^ected by the I. eveLs o^ coinpeti. rig Rhtzobtum ,. n the soi. I. , as

well. as by the soi. L envi. ,:oninentaL cond, .. ti. ons. Coinpet, .ti. on

for noduLati. on wi. I. L come ^Torn both effect, .ve and i. nef^ecti. ve

st. Tai. ns in the SOLL. Hence the triocuJ. .ating st, :a, .n must be

abl. .e to outcompete nati. ve Rhtzobtum st, :a, .ns (Tri. n, .ok, 1982b).

Brookwel. I. et aZ. (1987) found that coinpet:ton ^or nodul. atton

couJ. d be decreased w, .th i. noreased rates of ,. nocuJ. .urn.

Triocul. ated Rhtzobtum a, .so ga, .ned a coinpet, .ti. ve advan{:age

through spec^. fi. c pLacement i. n I:he zone o:E soi. L where

in^ect, .. on fi. r'st took pLace.

nodu, .at^. on and hence 11 ^I. xati. on, the EULL bene:E, .ts are

Although i. ncreased triocuJ. ati. on numbers

unL, .ke, .y to be ached. ved unJ. ess Level. s of 10 to 50 ti. mes

hi. gher that normal. are appJ. i. ed (RaLph, 1987). At present

there are prob, .ems i. n appLyi. rig amounts greater than 2 or 3

t, .mes the normal. Level. ,. n the tiel. d, as the amount of peat

cuLture that can bi. rid to the seed (that ,. s the med, .urn that:
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Rhtzobtum are presented on)

are wasted.

are bel. d back by present ,.. nocu, .ant CUI. ture p, :act:i. ces,

further popul. at, .on expansi. on ,. s restri. cted by waste products

of bacteri. aL metaboJ. i. sin (RaJ. ph, T987).

^ncreases ,. n Rhtzobtum numbers per grain o^ peat

can Lncrease

LS I. i. ini. ted, and further addi. t^. ons

as



3 . 2 . 2 PI. anti. rig Dens, .ty

L, .mited by ei. ther the amount o^ photosynt. hate produced i. n the

Under opt, .ina, . condi. ti. ons N ^,. xati. on was shown to be

shoots, or by oxygen avai. LabLe to the bacte, :oi. ds ^or

b, .o1.0gi. cal. energy producti. on (Sect, .on 2.3. I). Photosynthate

production i. s a ^urict, .on o^ I:he amount and ,. ritensi. ty o^ Light

recei. ved by the pLant (G, .. bson, 1976). Some p, .ants are not

It. mited by photosynthate under opti. inaJ. conditions. However,

i. ^ the cond, .t, .ons change so that I'd. gh{: becomes I. i. ini. t, .rig,

these PI. ants w, .I. L be at^ected by reduced photosynthat:e

ReguLati. rig PI. ant density ,. s the mai. n way i. n wh, .ch management

can at^ect the Li. ght recei. ved by the Legume crop.

Redden et aZ. (1987) ^0und a POSi. ti. ve correLat^. on between

grain yi. eLd and ground cover ,. n navy beans. NeLson and

Weaver (1980) :Eound that i. noreas, .rig soybean PI. ant densi. ty

^Torn 50,000 pLant. s to 200,000 PI. ants/ha :. ncreased shoot dry

matter producti. on but there was a trend ^or grai. n yi. eJ. d to
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decrease.

higher planti. rig densi. t, .es .

Si. in, .Jarl. y, BLumenthaJ. . et aZ. (1988) worki. rig w, .th soybeans

at. ^our PI. ant dens, .ti. es rangi. rig :ETom 50, 000 to 400,000

PI. ants/ha, :Eound that greatest yi. eJ. d and dry matter

product, .on occured at 200,000 PI. ants/ha. There was a trend

Hence more 11 wou, .d be returned to the soi. L wi. th

^or restduaL N to ,. nc, :ease w, .t. h i. noreasi. rig PI. ant density.

Resi. dues o^ the 50, 100, 200 and 400 thousand pJ. ants/ha had

contri. buted 21, 22, 28, and 42 kg N/ha, respectiveLy. The

hi. gh Level. 0^ res, .duaL 11 at the h, .ghest. densi. ty was probabLy

due to i. noreased I. ea^ drop (through shad, .rig) and PI. ant death



before harvest.

caus^. rig a reduced yi. .eLd wouJ. d mean more fo, .i. ar I^ wh, .ch ^. s

returned to the SOLJ. ..

The above resuLts show that PI. anti. rig density for maxi. mum

grain producti. on ,. s Lower than that. ^or maxi. mum resi. duaL N

Less N bet. rig transported to the grai. n

3.2 .3

Moi. stuz:e status and temperature o^ the soi. L at pi. anti. rig

have an ef^ect on N ^,. xati. on mai. nLy through the, .,: ,. nfJ. uence

on germi. nat, .on o:E the seed and survi. vaL o^ the Rhtzobtum (see

Section 3.2. I). Germi. nat, .on o^ I:he seed at a particular ti. me

Ti. me o:E PI. anI:,. rig

wi. LL depend on the speci. es and CUI. ti. var toI. e. :'ances.

PI. anti. rig the management needs to ensure the SOIL i. s withi. n

the correct temperature range ^or t:he chosen species and has

adequate ino, .sture ^or germi. nation.

3.3 PRA. CTTC^S DER^NG PLANT GROWTH

inh, .s pert. od in the context of thi. s rev, .ew can be de^tried

as the per, .od extend, .rig ^,:om germi. nat, .on o^ the seedL, .rigs,

through the veget. ati. ve growth phase and ^rui. t set to the t, .me

o^ Eru, .t matur^. ty. There:EOTe the cultural. pract^. ces o^

appl. yi. rig post-emergent fez'ti. I. ,. ser, i. rr, .gat^. on, cuLti. vat, .on of

weeds, the appLi. cat^. on o^ post-emergent herbi. c, .des, the use

of pesti. c, .des will. be exam, .ned i. n reLati. on to the, .,: e^^ects

on N f, .xat. ,. on and resi. dual. N.

Before
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i. norease, the i. norease may riot be worth the cost o^

^erti. It, se, : as weLL as the decreased N fi. xat, .on.

appJ. i. cation of fearti. Liser at; pod-fi. Ll. aLso poses practi. cal.

prob, .ems. As plants cover the ground the use of tractors

wou". d damage the toJ. ,. age and the use of Large quanti. t, .es

water to avoid I. ea^ burn may precLude the use o:E an airc, :a:Et

(E:Lowad and HaJ. I. , 1987).

3 . 3 . 2 T, :,:i. qat, .on BE^ect

11, .trogen ^i. xati. on may be reduced by a de^i. ci. t or an

excess o^ moisture. TTL. i. gati. on can aLJ. ev, .ate the ^ormer but

i. t may create waterLogg, .rig, parti. cuJ. a, =Ly on cLay soi. Ls. The

e^^ects o:E waterLogging on N ^i. xat, .on are di. soussed beLow.

The

Since ,. rri. gati. on saturates the so, .L profi. I. e (except ^or

dri. p i. ,:,:i. gati. on), the mai. n chemi. cal. e^fect: i, s a Large

reduct, .on i. n the oxygen concent, :ati. ons ^. n the sod. I.
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(Ponnampe, :urna, 1972). Vari. ous reports revi. ewed by

Ponnamperuma suggest: that the concentrat^. on o^ oxygen i, s

decreased to one-hundredth of its i. n, .ti. aL value wi. thi. n 75

ini. nutes o^ satu, :ati. on, and no oxygen i. s detectabl. e wi. th, .. n I

day of saturation. This arises as gas eXchange between sod. L

and at. r i, s reduced by some 10,000 ti. mes upon satu, :ati. on.

Hence any ava, .. Labl. e oxygen i, s qui. okl. y consumed by soi. I.

organi. sins or pLant roots (Ponnamperuma, 1972).

N f, .xat, .on was restr^. cted by e^. the, = carbohydrate I. eveLs or by

the oxygen fJ. ux to the bacte, :oi. as ,. n the noduLe. M, .richi. n

Tn Secti. on 2.3. , i. t was seen that under ideal. condi. ti. ons



(1973) (ci. ted by Pate, 1976) usi. rig Ptsum sat. tvum has shown

that N :Ei. xati. on i's greatest when the so^. I. i. s at ^i. eJ. d

capacity. At this pod. nt the ambient oxygen I. eveL was 0.21

atmospheres. Ch, =i. swel. L et aJ. (1976) showed that n^. trogenase

acti. vi. ty ^. n soybean nodules was in, .t, .. aJ. ,. y reduced by 37

45 ^ when I:'hi. zosphere oxygen LeveLs were reduced from 0.21 to

0.06 atin.

4 to 24 hours at the same Low oxygen I. eveL.

exposure at 0.02 atin ,. rid. t, .aL, .y reduced ni. t, :o9enase act^. v, .I:y

by 72 ^ and it on, .y part^. a, .I. y recovered after 95 hours,

Sheehy et aZ. (1983) demonstrated that whi. te cl. over nodu, .es

i. ncreased N ^,. xat^. on measured by acetyl. ene reducti. on seven

These nodu, .es recovered the, .r or, .gi. naL acti. vi. ty

ti. mes as oxygen Levels were increased ^Torn 0.05 to 0.30 atin.

Hence regardLess o^ the type o^ nodul. e (e, .thez= :East: or slow

adaptati. on), Low oxygen LeveLs decrease N :Ei. xati. on.

There i. s a poss, .bLe ro, .e o^ ethel. yne produced under

waterLogged condi. ti. ons a^^ecti. rig N ^i. xat^. on (Jackson and

Drew, 1984; Sini. th, 1987). E:thy, .ene may be produced

endogenous, .. y wi. thi. n the Legume's root to sti. inuJ. ate the

:EOT'mat^. on o^ aerenchyma (Jackson and Drew, 1984). Grobbel. aa, :

et aZ. (1971) found that when PhaseoZus vuZgarts roots were

exposed to ai. r contai. ni. rig 10 ppm ethyl. ene, N ^i. xati. on

decLi. ned by 90 ^ compared to control. PI. ants.
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Cont, .nuous

J. n

Var, .ous water1.09g, .rig expertments have shown the type o:E

adaptation that occur i. n the noduLe. Minchi. n and Summer^,. el. a

(1976), upon water1.09gi. rig cowpeas up to 32 days, found

increased noduJ. e cort, .cat, .on and Lenti. ceL-type prot:uberances

on noduLes which were ^ormed dur, .rig waterLogging as compared

with unstressed control. s. Dry wei. ght o:E noduLes was reduced



by 60 ^ after 8 days o^ waterLoggi. rig. Further, Hong et aZ.

(1977) ^0und that: after 8 days o^ wat;erLogg, .rig cowpeas total.

ni. t, rogenase act, .vi. ty per pLant was reduced by 84 ^.

Si. ini. I. arl. y, PI. ants deveJ. oped adapti. ve features Li. ke

st. i. inuJ. ati. rig adventi. t, .ous root ^ormat. i. on and i. ncreasi. rig nodul. e

cort, .cati. on.

bactero, .d CUI. tures o^ R. Japontcum and cowpea RhZzob. turn i. s

thei. r abi. .It. ty to reduce n, .trate i. n the absence o^ oxygen.

Ni. trate ,. s used as an alternat, .ve eLect, =on acceptor to oxygen

:EOT ATP producti. on thus nitrate reduced to nitrous oxi. de and

N2 gas (Jackson and Drew, 1984). Thi. s may partly expl. ai. n why

soybean and cowpea are more 1:0J. erant to water, .o99i. rig than

some other spec, .es (Sini. th, 1987).

Another response that: has been observed in

Un^ortunate, .y much of the research on the e^^ects of

waterLogg, .rig has been car, :,. ed out under Laboratory condi. t, .ons

over much Longer times o^ saturati. on than normaLLy occurs

under ,. rri. gat, .on. Tt i, s these experiments that have reveaJ. ed

the vari. ous mechanisms o^ noduLe adaptati. on. However, some
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expel:'i. merits have been carri. ed out w, .th s, .. in, .,. a, = durati. ons o^

waterLogg, .rig as ,. n the ^tel. d. Cowpeas waterLogged

conti. nuousJ. y ^or ^our days i. n every ten days before

fLoweri. rig, had vegetati. ve growth reduced by 50 ^ and N

:Ei. xat, .on reduced by 43 ^ compared to the non-waterLogged

control. s (M, .richi. n et aZ. , 1978). For PI. ants waterLogged one

day i. n ten du, =i. rig the same per, .od, vegetat, .ve product, .on was

reduced by only 25 ^. Un^ortunateLy the N :Ei. xati. on ^or th, .s

treatment is not given. Trung et aZ. (1985) showed that inung

beans when waterLogged at fi. ,:st fJ. ower, .rig stage ^or one or

two days, decreased the rate o^ N fixati. on by about 73

92 ^ respecti. veLy compared to the non-waterLogged control.

an



The ef:Eects of waterLoggi. rig seem to be more acute when

pLants are stressed at earl. y fl. owe, =,.. rig. Minchi. n et aZ.

(1978) ^0und the e:E^ects of water1.09g, .rig was much more severe

on cowpeas ^ust be^ore and au, :i. rig ^ITSt ^Lower than later i. n

the season. Tzung et aZ. (1985) showed that wat:er, .o99i. rig was

most det, :i. meritaL to the growth and seed y, .e, .d of inung beans

at ^". oweri. rig, whereas prefLoweri. rig treatments and post-

^Loweri. rig treatments were riot as seven. y at^ected. The mai. n

e^fect seems to be i. n the reduced ^Lower product, .on hence pod

set by the PI. ant.

Di. ^^e, =ences ex, .st between Legume spec^. es as demonstrated

by Hodgson et aZ. (1988). Si. x speci. es (soybeans, inung beans,

navy beans, adzuki. beans, pi. geon peas and cowpeas) were

i. rr^. gated ^or 4, 16, and 32 hours ^or each o:E I:he four

i. rri. gat, .ons. ALL species showed reduced growth wi. th

,. ncreasi. rig waterLogg, .rig at the :Ei. r'st it, :i. gat, .on of the

season, but: soybeans, inung beans and cowpeas became Less

at^ected as they matured. Th, .s suggests that they are more
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toLerant than the other three speci. es.

There:EOTe waterLogg, .rig decreases N ^,. xati. on

through reduced oxygen Level. s. The amount by wh, .ch ^i. xati. on

i's decreased depends on the speci. es, the ti. me o^ ,. I:. r, .gati. on

and the Length o^ waterLoggi. rig. Species seLect, .on and short

per^. ods o^ i. rri. gati. on are the mai. n ways to decrease the

adverse a^^eCts o^ water1.09gi. rig on fi. xati. .on.
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3.4 HERVEST PRA. CT:ICES

At harvest; N ^i. xati. on has stopped due to Lack o^

photosynthate moving ^rom the leaves to the roots. The main

factors deterin, .n, .rig how much rest. duaL N ^. s I. e^I: ^or

decompos, .t^. on are: the amount o^ N transLocated to the seed

:ETom other PI. ant parts, and how much 11, .s taken o^E i. n the

seed. These :Eacto, :s vary with spec^. es.

An exampl. e of the e^^ect of speci. es ,. s given i. n TabLe 3.2

^rom data obta, .ned by Chapman and Myers (1987). Soybeans

removed a higher percentage o:E N than ei. the, : inung beans or

sesbani. a (Sesban, .a carinabi. na), but as they had more total.

PI. ant N uptake than the other I:wo spec, .es they returned

SLi. ghtLy more IT to the sod. ,. than inung beans but Less than

sesbani. a.

38

Tabi. e 3.2 TotaL PLant nitrogen, seed nitrogen, rest. duaL ni. trogen and
n, .trogen harvest index percentage (NHT) for three Legume speci. es.

Season

Soybean
Plant Seed Res NHT

N'Na N'

( kgN/ha ) (^)

1981-82

1982-83

404 296

a Totai. nitrogen uptake i. n the p, .ant.
' Total. rid. trogen taken of^ ,. n the seed.
' Total. rid. trogen Left ,. n the crop restdual. after harvest.
' NIIr = seed N I total PI. ant N * 100, i. e. the amount of n, .trogen

removed by the seed compared to the totaL amount in the crop.
Source: Chapman and Myex's, (1987).

329 262

Morig bean
Plant Seed Res NHT

NQ Nb NG

( kgN/ha ) (^)

108 73

67 80

I 77

I I I

89

Sesbani. a

PLant Seed Res NHT

NbNa N'

( kgN/ha ) (^)

52

88 50

59 47

202

36

61

35

I 4 I

I O I

30

26



Chapman and Muchow (1985) compared the N part, .I:^. oni. rig o^

severaL different grain legumes at a, .f^erent ino5. sture

regLmes.

LabLab bean and black grain I. e:Et the most res^. dual. N (, 18 and

75 kg N/ha), pi. geon pea, cowpea and green grain I. e^t s, .ini. Jar

amounts (49, 49, and 48 kg N/ha) wi. th soybean I. eavi. rig the

Least (22 - 24 kg 111ha). When ino, .sture stress was i. riduced

during t:he growi. rig season aJ. L speci. es reduced N uptake and

consequent. Ly the residual. N I. e:Et. Soybean and cowpea were

Least a^^ected by moisture stress compared to the of:her

They showed that under well. watered cond, .ti. ons

specLes.

cou, .d be seLected ^or thei. r parti. CUI. ar restdual. va, .ue, though

market ^orces and farm management PI:'act, .ces wi. I. L PI. ay a

Larger ToLe i. n deci. di. rig the cho, .ce o^ crop.

Therefore ^or

Soybean had the h, .ghest N harvest ^ridex (NHr) (seed IT I

totaL shoot N) as ,. n Chapman and Mye, =s (1987) experi. merit, but

39

it did not Leave as much residual. 11 as the total. PI. ant N

a gJ. ven

uptake was lower than Chapman and Myers expertment.

zest. dual. 11 depends on total. N uptake as wei. I. as the NHIC,

the above two experi. merit show.

inoi. stu, :e regzme, specLes
.

3.5 CROP RESTDU^ PRACT:ECES

The ava, .Labi. I. ,. ty of the residual. crop 11 to the ^o1.1. owing

crop i. s reLated to the rate o^ decomposi. t^. on o^ plant matter

to soil. organic matter.

next crop ini. neraJ. i. sati. on o^ the rid. trogenous coinponds must

occur. Under normaL cond, .ti. ons 2

Hence

For the N to become ava, .l. ab, .e t:o the

as

3 ^ 0^ N ,. n soi. I. organLc



matter i. s ini. neraL, .sed each year (Brady, 1984). Factors

,. nfJ. uenc, .rig decompost, .on and hence in^. ne, =aLi. sati. on rate

i. ncJ. ude the carbon:ni. t, :o9en (C:N) rati. o o^ the rest. due, soi. I.

Water Status, So, .I. temperature, Soi. L type, CUI. t, .vat, .on

practi. ce, i. riberent soi. I. N, and the durat. i. on of the pert. od of

decomposti. on (EJ. -Ha, :,:i. s et aZ. , 1983; Ladd et aZ. , 1983;

Myers and Wood, 1987). The ina^. n ^actor's that can be

mani. puLated by management are the Last three; cuLt, .vati. on

practi. ce, so, .L N, and durat, .on o:E decomposti. on.

3. 5 .I Durat, .on of Decomposti. on

Ladd et aZ. (1983) and anato et aZ. (1987) observed

decomposti. on rates o^ "C and "N Label. Led Legume mater, .aL i. n

a sandy Loam soil. at: ^tel. d condi. t, .ons. As TabLe 3.3 shows,

,. n^. ti. aL decomposti. on i. s qu, .ck (4 weeks) but then SLOWS as

mater, .a, . becomes more resi. stant to decomposi. t, .on. The much

SLOWe, : rate o^ decomposti. on of wheat straw observed by Amato

et aZ. (1987) resuLted from wheat. straw's hi. gh C:N rat, .o of

73:I. Thi. s i. s compared to the Legume res^. dues C:11 rati. o o^

40

13:1.

Net ini. ne, :al. I. sati. on 0^ '''/1 occured w, .th aJ. L PI. ant resi. dues

at aLJ. ti. mes, though in, .neraLi. sati. on was more extensi. ve for

the Legume crops (anato et aZ. , 1987). Tinmobi. I. i. sati. on ,. s

thought to have occured ,. n the wheat straw at ^our weeks,

though at ten weeks net ini. neral. ,.. sat:ion had occured (10 ^ 0^

input and 18 ^ at 31 weeks). These data show the i. inportance

o^ ti. me i. n decomposti. ti. on o^ residues.

occur w, .thi. n the next year between 25 and 45 ^ 0:E the

Tf croppi. rig were to



residual. N shouLd be avail. abLe to the crop under normaL f, .eJ. d

cond, .t, .ons .

Table 3.3 BSt, .mati. ons of crop residue decomposed ustrig
,4c and "N LabeLLed material

Mater, .aL decomposed (^)

M. littoral. i. s

M. litto, :aLi. s

M .littoraLi. s

tops

, 4c

' 'N

Wheat straw

roots

Time (weeks)

' 'C

, sN

4

35

17

, 4c

, sN

52

36

35

3.5 .2

, 4c

' SN

65

40

Minimum ti. 1.1. age has an i. inportant e^fect on the speed o:E

mineral. i. sati. on. POWLson (1980) showed that cult:tvat. ,. on

34

22

208

Mt. neraL, .sati. on and Ti. LLage

68

45

41

82

52

i. ncreased ini. nearal. ,. sati. on o^ organ, .c N. Di. ^fezences between

CUI. ti. vated and non-CUI. t, .vated PI. OtS increased w, .th ti. me over

peri. ods of two to six weeks. Other work by E:I. -Harr, .s et al. .

(1983) and Doran (1980) showed that ini. neral. isati. on rate was

hi. ghe, = i. n the top 5cm o^ the ini. rid. mum t, .LLage PI. ots but the

CUI. t. i. vated PI. ot. s had more ini. ne, raJ. 11 beLow thi. s I. eveL. Both

plots had s, .inLiar I. eveLs o:E tot. aL N but cuLt, .vated PI. ots had

more ini. neraL N. Si. rice in^. n, .mum ti. 1.1. age ,. noreased the Level. of

^acuLtat, .ve anaerobes and den, .t, :i. fyi. rig so, .I. ini. CT'0-organi. sins,

the potent, .aJ. rates o^ mineral. ,. sat, .on and n, .tri. ^,. cat, .on are

h, .ghe, : for cuLti. vati. on, wh, .Le the potent, .. aL for

deni. tr, .^i. cation ^. s hi. gher ^or ini. n, .mum ti. Ll. age (Doran, 1980).

15

7

48

36

Ladd et aL. , (1983)

Source

52

23

anato et aL. , (1987)



3 . 5. 3 Decomposti. on and So, .I. In. troqen

decompost, .on hence in, .neraL, .sat, .on occurs, i. ncreas, .rig the so, .I.

ini. neraL IT cou, .d i. nc, =ease the rate o^ in^. neraJ. .,. sati. on. Thi. s

As the Level. of so, .L N can deterini. ne how ^ast

e^^ect on in, .neta, .i. sat, .on rate i. s mai. nLy exhi. b, .ted in the

^i. r'st ^our weeks a^te, : the add, .ti. on o^ ^erti. L, .se, :. Beyond

thi. s time in, .neraJ. ,. sed N begi. ns to cycLe and hence the overaJ. I.

ef^ect of h, .gh Level. s of 11 becomes Less important (EL-11arr, .s

et aZ. , 1983). Tt i, s doubt:EUl. whether addi. rig 11 :Eerti. Li. se, ? to

,. ncrease the ini. neraJ. i, sati. on of crop resi. dues ,. s economi. caL,

even i. n SOLL w, .th very low in, .netaL N I. eveLs.
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