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ABSTRACT

The use 91:'a, .n Legumes in rotaf:ion croppi. rig i's reLat, .ve, .y

new i. n AUStraLi. a, part, .CUI. arLy i. n i. rr, .gated farm, .rig systems.

Tn 1986-87, s, .. x summer grai. n Legumes; soybean, cowpea, inung

bean, navy bean, adzuki. bean and pi. geon pea, were grown on a

cracki. rig grey clay soi. L under three durati. ons o^ i. Trigat, .on

and four ^i. el. a SLOPes. Cotton was then grown on the pLots

under the same ,. rr, .gat. ion regi. mes the ^oLLow, .rig season.

e^fect o^ res, .duaL ni. trogen (N) and ,. rr, .gat, .. on t, .me on the

cotton were ev-aJ. uated.

As it'ri. gat, .on t, .me extended ^rom 4 to 16 and 32 hours, N

up-take by the cotton decreased by 15 ^. L, .nt y, .eLd

decreased 11 ^ over the same ,. rr, .gati. on time. Cotton grown

after soybeans had the hi. ghest I^ up-take (60.1 kg 111ha) and

after adzuki beans the Lowest (46.7 kg 111ha), with the other

spec, .es tribetween. Tn terms of apparent recovery o:E

^ert. i. I. ,. set. (90 kg N/ha) appL, .ed before the Legumes, the soybean

treatment had the Largest apparent 11 recovery rate (2.03) and

the navy bean treatment the Least (0.87). Therefore short

,. rr, .gati. on times and a prtor crop of soybeans offers the

greatest potential. for res, .duaL N bene:E, .t to cotton (about 40 kg

N/ha). Of the other Legume speci. es, inung bean and cowpea offer

the greatest potent^. aL :Eo, : restduaL I^ bene^i. t to cotton the

^o11.0wi. rig season.
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The



:. ENTR. ODDC':E'.:ON

Gra, .n legumes are i. ncreas, .rigLy bet. rig ^. ncorporated i. nto

crop rotati. ons w, .th non-Legume crops. This i. norease i, s

partLy due to market ^orces maki. rig I:hese crops a vi. abl. e farm

enterp, :i, se, but i. t i. s aLso due to the contr, .button o^ ^i. xed

rid. trogen (N) to the so^. L I^ POOL (HambJ. in, 1987). Marcel. Los

(1984) est, .mates that chi. ckpea, I. upi. n and ^aba beans

contri. buted at Least the equ, .vaLent: 0^ 50 kg N/ha to the

foL, .ow, .rig wheat crop. Doughton and Mackenzi. e (1984) report

that a prior crop o^ inung beans i. ncreased sorghum yi. el. d by

the equi. vel. ent fez't, .I. ,. se, : appLi. cati. on 0^ 68 kg N/ha. Myers

and Wood (1987) esti. mate that soybeans and inung beans

contri. buted the equi. vaJ. ent 0^ 42 and 27 kg N/ha respecti. veJ. y

to the ^OILowi. rig I:'i. ce crop.

46

requ, .res Large amounts 0^ 11 ^ert, .Li. set' to gi. ve economi. c

1:3:1:'i. gated cotton grown i. n north-western New South WaJ. es

yi. el. ds (Hearn, 1981; ConstabJ. e and Rochester, 1988). Thi. s

fez'ti. I. ,. se, : cost can be consi. derabLe, as the des, .red N uptake

by the crop ^s around 100 kg 111ha (Hearn, 1986). There^ore

possi. bJ. .e reduction of th, .s cost by i. ncl. ud, .rig grain Legumes

i. nt. o a cotton-Legume rotati. on wouLd be desi. ,=eabJ. e.

One o^ the problems w, .th ,. ncLudi. rig Legume crops ,. nto a

cotton-legume rotat, .on ,. s the del. et. eri. ous e^fect of

water1.09gi. rig on legumes (Section 3.3.2). Tt i. s riot cJ. ear

quant, .tati. veLy, how wat;earl. ogg, .rig a^fects the rest. duaL N Left

after the Legume crops are harvested (Section 3.6). The

cLay soi. I'S on wh, .ch ^ur, :ow i. 1:1:'i. gated Cotton i. s most, .y grown

grey



are o^ten waterLogged for severaL days to1.1.0wi. rig i. Trigati. on

(nodgson, 1982). Water1.09g^. rig occurs due to the ^,. eLds bei. rig

fLat and the soil. s hav, .rig a Low saturated hydrauL, .. c

conducti. v, .ty. rinhi. s resuLts in SLOW sur^ace and ,. riternal.

a, =at. nage (Hodgson and Chan, 1982). T^ the deLete, :tous

ef:Eects o:E water1.09g, .rig on Legumes couJ. a be reduced by

e^fi. ci. ent i. r, :,. gati. on systems, the potent, .aJ. bene^,. t o^ an

i. ,r, =i. gated cotton-Legume crop rotati. on system i, s cons, .derabLe

The effects of water1.09g, .rig on Legumes wi. 1.1. vary with the

parti. cuLar speci. es (Sini. th, 1987). Hodgson et aZ. (1988)

report the e^fects of di. ^fez. ent ,. rri. gati. on systems on si. x

summer grain Legumes speci. es. To ,. nvest, .gate the potenti. aL

of these spec, .es in a cotton-,. egume rotation cotton was grown

the subsequent year with no appl. ,. cat, .on of ^e, =ti. Li. se, =. Th, .s

enabled the coinpar, .son o:E the rest. dual. e^:Eect o^ these

Legumes on cotton, as i. nfJ. uenced by d, .^^erent i. r, :i. gat, .. on

i. nundati. on times and ^i. el. a SLOPes. The results and

impJ. ,. cati. ons o^ this expert. merit: are reported bel. ow.
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randomLy arranged wi. th, .n each repl. ,. cate and pLot. The si. x

grain Legumes were soybean (GZyctne max (I:,.) Met'r. ,

Forrest), pi. geon pea (Cajanus cajan (L. ) Mt. I. Lsp. , breedi. rig

I. ,. ne B15B), adzuki. bean (VZgna anguZarts (W, .1.1. d. ) Ohwi. and

Ohash, ., cv. B, .o0dwood), navy bean (PhaseoZus vuZgarts I. ^., cv.

ActoLac), cowpea (V. ungutcuJata (L. ) WaJ. p. , cv. Banjo) and

inung bean (V. radtata L. , cv. Bea:'ken).

Slope I

Random

Legumes

RepJ. .^. cate I o:E 3

SLOPe 2

Random

Legumes

2

E'i. gu, :e I. E:xperi. mental. desi. qn

Slopes I, 2, 3, 4 refer to randomi. sed slopes I: 500, 1:1000,
1:1500 and 1:2000.

Numbers I, 2,3 refer to randomi. sed i. rri. gati. on ti. mes of
4,16, and 32 hours,

Random Legumes refer to the six legimie treatments randomi. sed
within each i. ,=ri. gat, .on treatment (demonstrated in slope

3

CV.

50

2

SLOPe 3

Random

Legumes

3

Crop agronomy

The si. x g, rai. n legumes were sown i. nto ino^. st so, .I. on 13

Dec. 1986. Nitrogen fezti. It'ser had been previ. ous, .y appLi. ed

as anhydrous aminoni. a at 90 kg N/ha on the 12 JULY 1986. ALL

seed was triocul. ated w, .th the recommended strai. n o:E Rhtzobtum

and a singLe row was sown per ,=i. dge. PLant dry matter and

ni. trogen uptake i. n the shoots were measured 37 and 54 days

a^te, : PI. anti. rig ^or al. L species. Stint, .a, : measurements were

t:aken 103 days a^ter PI. anti. rig ^or the SLOWe, = matu, :i. rig soybean

2

Slope 4

Random

Legumes

3 2 3



pi. geon pea. Grain was harvested in the order cowpea (, 7

March 1987), inung bean (, 8 March), adzuki. bean (, Apri. L),

navy bean (7 Apri. I. ), soybean (, 5 Apr, .I. ) and pi. geon pea (20

May). The crop cuLtu, :aL practi. ces and methods o:E measurement

have been previousJ. y reported by Hodgson et aZ. (1988).

and

A^te, = the harvest of the Legumes the same pLo{:s were re-

:Eo, :med i. n prepa, :tati. on ^or the fol. Lowing cotton (Gossyptum

htrsutum) crop. Legume resi. dues were riot ,. nco, :POTated, but

were aJ. Lowed to break down on the so, .L sur^ace. TreeLan (R)

was appL, .ed on 16 Sept. 1987 when the beds were re:EOTmed.

Cotton (cv. S, .. okra) was pJ. anted at 18 seeds per metre on the

one-meter spaced beds on the 12 Oct. 1987.

and then irrigated the toI. Lowi. rig day. Emergence occured

around the 27 Oct. 1987. TTL'i. gati. on treatments were not.

imposed for the i. rri. gat, .on di. rectJ. y a^ter sowi. rig, but were

,. inposed duri. rig four subsequent ,.,=,:,. gati. ons on 27 Dec 1987; 16

Jan. 1988; 4 Feb. 1988 and 27 E'eb. 1988 respect. ,. veLy.

SampJ. ^. rig of the crop occured on the ini. d I:wo rows and centraL
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six metre Lengths.

and pest. contro, . were carri. ed out as deemed necessary using

current coinmerc, .a, . methods.

PI. ant measurements

The

CUI. tliraL pract, .ces o^ weed cuLti. vati. on

crop was sown

transport i. n the pLant, was measured at day O (four hours

be:EOTe i. ,:,=i. gat, .on) and 4 and 8 days a^tel:. the fi. r'sl:

i. rri. gati. on. Thi. s was done by COLLecti. rig peti. o1. es of the

youngest mature Leaf, dry, .rig to a const:ant wei. ght at 700c,

Peti. oLe ni. trate, wh, .ch g, .ves an ,. ridi. cati. on o:E the N



and then grinding to a powder.

extracted w, .th di. st^. 1.1. ed water for one hour, and the rid. trate

concentration o^ the extracted SOLut, .on was measured

spect. ,=ophotometri. ca, .Ly .

whi. ch gi. ves an inat. cation o^ the IT status o:E the pLant,

The youngest mature Lea^ (YMT. ), (0^ twenty fi. ve PI. ants),

COLLected on day 4 after the ^,. r'st i. ,:ri. gati. on start:ed. The

ni. t, =ogen content of the dried and ground I. ea^ sampLe was then

measured by i. n^,:a-,:ed spectroscopy on a Neotech (R) i. n^ra-red

prote, .n anal. yse, : caJ. i. brated to totaL ni. trogen.

A sampJ. e 0^ 0.1 g was

at two t, .mes.

Ni. t. Togen uptake i. n the shoots o:E the cotton was est:i. mated

i. Trigat, .on (or 88 days post-PI. anti. rig) taken :Erom the 1:1500

Slope. One metre cuts o:E PI. ants at Sod. I. Sur:Eace I. eveL Were

made i. n the ini. ddLe o:E the second row o^ each treat:merit.

SampLes were dri. ed to a constant wei. ght at 80'C, we^. ghed, and
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The ^,.,:st esti. mate was IT days a^ter the fi. r'st

:Ei. neJ. .y ground. SubsampJ. es were then measured for n, .trogen

concentrat, .on by the Neotec (R) ,. n^ra-red protein ariaLyse, :

and N uptake caLcu, .ated as kg N uptake per ha.

was

The second est, .mate o^ N uptake was taken at 133 days

post PI. anti. rig (22 Feb. 1988) at peak I. ea^ area ^. ridex (LAT).

Thi. s measurement has been shown to be weI. L COLTeLated to I. ,. nt

y, .. eLd; PI. ants do riot take up much more N, ,. nstead I. ea^ N i. s

transLocated and uti. Li. zed (Constabl. e and Rochester, 1988).

To decreased sampJ. e vari. abi. Li. ty, cuts of two metres were made

:ETom the ini. ddLe o^ the thi. rd row o^ each treatment.

wei. ght was measured and a subsampJ. e o:E approximateI. y 113 of

Fresh



the PI. ants were taken.

were separated, washed and oven d, =,. ed at 80'C to a constant

wei. ght. L, i. nt was then removed and weighed. The 11 content; 0^

the non-Lint component: (staLks and resi. dues o^ boLl. s) was

deterin, .ned as before.

deterini. ned by semi. -ini. CTO ECjel. dab, . d, .gest, .. on and measured on

the auto-ariaLyser. From thi. s dry-matter cut= the ^o3. Lowi. rig

measurements were obtai. ned: bol. I. number/in', bol. .L wei. ght/in2,

pLant dry-matter/in', PI. ant. number/in', I. ,. nt/in', PI. ant N ^/in'

and 11 UpI:ake/in2.

From these PI. ants, boJ. I. s and staLks

The N content o^ the I, d. nt was

The apparent recoverys of the IT fezt. i. Lise, : appJ. i. ed be^ore

the Legume crops were cal. cuLated i. n order to estimate the

e:E^i. c, .ency o^ uti. I. ,. zati. on o:E appL, .ed 11 fez'ttL, .se, :. The

amount of N removed i. n the Legume seed i. n 1987 and by the

cotton in 1988 was divided by the amount of N ^ert, .L, .set

app, .,. ed .
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The ini. ddLe two rows o^ each treatment was mechant. cal. Ly

The crop was de^o1. i. ated when 60 ^ 0^ the bol. Ls were open.

harvested and cotton y^. eLd ^rom each row was measured ,. n the

:Ei. eJ. d. SubsampLes 0^ 100 g ^torn each row were taken to be

g, .rined by a 20 saw Conti. nentaL gi. n. From thi. s, gi. rind. rig-out

percentage and ^,. naL Li. nt yi. el. d were calcuLated.

Anal. ysi. s o^ variance for each parameter was carried out

usi. rig the Genstat statisticaL package (AT. vey et aZ. 1982).

Means were compared to usi. rig Duncan's inul. .t^. PI. e range test.

Trans^ormat, .ons o^ the data were onLy necessary ^or the

peti. o1. e ni. t, :ate anal. ysi. s to normaLi. ze the restdua, .s.



R. :E:So. :. TS

I. Treatments Effect

The treatment e^^ect. s on the measured parameters are shown

in Tabi. e 2. As can be seen the SLOPe mai. n ef^ect i, s not

si. grit:E, .cant for any of the measured parameters. The main

treatment e^fects of i. riterest are i. ,=,=i. gat, .on ti. me and the

previ. ous Legume speci. es. The speci. ^,. c treatment at. ^:Ee, =ences

:EOT the measured parametres wi. LL be di. soussed under ^. JCL'i. gati. on

t, .me e^^ect. and speci. es e:E:Eect.

Table 2. LeveLs of significant d, .fferences for each treatment and
measured parameter.

Treatment Measured parameter

133 Day Cut 88 Day cut
(peak LAT) (11 DAT)

Seed Seed L, ,. nt G ^ Din Nup ^ N Din Nup ^ N
cott

54

Slope (S)

T, :r. Time (T)

S * T

Y, .eLd

Leg. sp. (L)

S * L

nS

T * L

nS

ns

S*T*L

nS

nS

*

nS

*

nS

nS

**

nS

nS

nS

* : sign, .ticant d, .fferent at p<0.05
sign, .Etcant different at p<0 .10

ns : riot signi. Etcant d:. feetent at p<0.
on: not measured

G ^: gi. n percentage = I. ,. nt/raw cotton
Din : dry-matter of shoots
Nup: nitrogen up-take in shoots
^ N: nitrogen concentration
YML: youngest mature Leaf
DAT: days after first irrigation

nS

nS

*

ns

*

nS

.

.

nS

ns

ns

*

ns

nS

*** **

nS

ns

nS

rim

nS

Peti. oLe N

DA:L

nS

ns

ns

rim

nS

nS

nS

nS

o

rim

nS

*

rim rim

nS

4

nS

nS

nS

*

YML

4 DAT

nS

8

rim

nS

nS

rim rim Trill

rim rim

*

^N

nS

ns

rim

nS

nS

nS

rim rim

rim rim

DS

*

rim

nS

rim

*

*

rim

rim

ns

nS

rim

rim rim

rim

*

nS

*

rim

rim

nS

rim
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Whereas an interact, .on between ,. Trigati. on t, .me and Legume

species was ^ound ^or peti. o1. e ni. trate a^tel:' the ^i. r'st.

,.,:r, .gat, .on, no such interacti. on was found ,. n any o^ the Later

measurement o^ I^ ^ or N up-take. F',. gure 5 shows that ni. trogen

contents o^ the youngest mature I. ea^ (YML) and shoots 4 and 11

DAT respecti. veJ. y was on, .y si. grit. Etcant. ^or t, .me o:E ,.,:r^. gat, .on.

Tt can be seen that extend, .rig the i. rri. gat, .on t, .me ^Torn 4 to 16

hours caused a decrease i. n the IT ^ 0^ 11.2 ^ and 8.8 ^ for the

Yin. ^ and shoots respect, .veLy.
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Pi. gure 3. ' Cotton peti. oLe n, .t, :ate LeveLs as affected by three t, .mes of
I'm. gati. on and SLx prev, .ous Legume species four days after i. ,:,:i. gat, .on started.

Level. s wi. th the same Letter a, b, or c are not signi. ^i. cantLy different
(5 ^ I. sd) w, .thi. n spec, .es between LTE, .gati. on ti. mes.

Level. s with the same Letter r, s, or t, are not si. gritfi. cantLy di. ^fetent
(5 ^ Lsd) wi. thi. n ,. rr, .gatt. on t, .me between species.

' Level. s of peti. o1. e rid. trate were only SLgri, .f, .cant once a Logo
transformation was carried out to normaLi. ze the restdua, .s. For ease of

comparison I. eveLs presented here are the exponent of the tranfo, =med means,
hence will vary from the raw means. The Lsd is that for the transformed means.
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^,.

4 hours

Legend

I^ Doy 133
^ Doy 88

^

,^^^^...
32 hours16 hours

Irrigofion lime



Pi. gure 6 shows the e^fect o^ i. r, :i. gabion time on the amount

of 11 taken up ,. n the shoots ^or days 88 (, I DAT) and 133 post

PI. anti. rig. The reduction i. n N taken up between the 4 and the

16 hour tarri. gati. on treatments i's i. n the order 0^ 15 ^.

Harvested I. i. nt toLLows the same pattern but the reducti. on i. s

onLy about 11 ^ (F^. gure 7). Tr, :i. gat, .on e:E^ect:s on seed cotton

and gin out-turn were only s, .gritf, .cant at the 10 ^ Level. (data

no shown).
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3. Spec^. es ^f^ect

Prto, : Legume species produced a s^. gn, .fi. cant di. ^^erence i. n

shoot dry-matter 133 days a^ter pLanti. rig. The soybean

treatment had the h, .ghest dry-matter produced and adzuki. bean

the Least with the other speci. es treatment ,. rite, :med^. ate

(Figure 8).
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Figure 8. Cotton shoot dry-matter product, .on 133 days a^ter pLanti. rig
as affected by the Legume species grown thePI:',. or year.

Values w, .th the same Letter are riot sign, .ticantl. y
d, .fferent at p<0.05 by Duneans Multip, .e Raringe test.

Soybeon Cowpeo

^

Si. ini. Jar to the dry-matter production 133 days a^ter

pLanti. rig the prev, .ous Legume species produced a s, .grid. :E, .cant

di. :Eference i. n 11 up-take by cotton shoots and Lint (E'i. gure 9).

The soybean treatment had the greatest up-take. Compared to

soybean the up-take for the other speci. es were: cowpea

(88.6^), inung bean (91.6^), navy bean (88.8^), adzuki. bean

NowMung

Legume species

Adzuki Pigeon



(77.8^) and pi. geon pea (82.2^). As the I^ concentration (as a

percentage) 0^ the cotton ^. n the speci. es treatments was riot

s, .gni. ^i. cant, the differences i. n the N up-take i. s Large, .y a

^uricti. on o^ the dry-matter produced.
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VaLues wi. th the same Letter are not signi. ^,. cantl. y
di. Efe, =ent at p < 0.05 by Doricans Multi. pLe Raringe test.

Cowpeo

S, .grid. f, .cant d, .^:Eerences were al. so ^ound ,. n the harvested

cotton due to the prev, .ous Legume spec, .es. Seed cotton ,. s

made up o^ seed, I. i. nt and t. rash. As Pi. gure 10 shows, seed

cotton, seed and I. ^. nt di. ^fez'ed s, .grid. ^^. cant, .y at Least at

p < 0.05 between the Legume speci. es treatment. However, g, .n-

outu, =n whi. ch ,. s a measure o:E the proportion o^ I, d. nt gi. rined

NowMung

Legume species

Adzuki

^Torn the seed cotton di. d riot show the same Level. 0^

si. grid. fi. canoe (it. was si. gni. ^,. cant at. p < 0.10) between the

Legume species treatments. Hence the not al. L speci. es

treatments gave the same propo, :ti. on of I. ,. nt from the seed

Pigeon

cotton.
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4. Nitrogen Up-take and Cotton Sri. e, .d

Pi. gure 11 shows the reg, :ess, .on o^ cotton yi. eLd components

aga, .nst the N up-take 0^ 133 days. E^. ghteen means ^Torn the

,.,=,:,. gat, .on time by Legume spec^. es treatment were used ^or the

Leg, :ess, .on Lines. As the data came ^rom three i. ,=r, .gat, .. on

ti. mes, each regress, .on Li. ne was i. ni. ti. a". Ly tested ^or

homogeneity o^ three I. i. nes. Tn each yi. e, .d component keepi. rig

three I. i. nes did not: signi. :Ei. cantLy improve the rest. dual. sum o^

squares, hence I, d. nes were POOLed to gi. ve the one regress, .on

Li. ne ^or each component. Reg, :essi. on equati. ons

980.6 + 22.1(N up-take)

524.8 + 10.23(11 up-take)

399 + 8.78(N up-take)

Seed cotton

Seed

Li. nt
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5. In. trogen Up-take and Removal. by Legumes

Measurement o^ the IT up-take by the s, .x Legume speci. es was

car, :,. ed out at certai. n periods. Unfortunate, .y no measurements

were made in the 1987 season at peak ni. t. Togen accumuLati. on

(general. I. y ^ust. before I. ea^ fa, .,. pr, .or harvest) ^or most

speci. es, except perhaps soybeans wh, .ch were harvested one week

a^te, : 11 up-take was deterini. ned. The N up-take and N removed

,. n the grai. n ^or each spec, .es are g, .ven ^. n Appendi. ces I to 3.

Sal. i. ent pot. nts ^Torn the data are ,.,. sted i. n Tabi. e 3, whi. ch

shows the apparent N usage over the two years that Legumes

grew. The apparent IT recovery assumes that

aLJ. of the N ^ert^. Li. ser wi. Ll. be avai. LabJ. e ^or up-take and

removal. by the Legumes. Hence no account ,. s made ^or i. riberent

sod. I. N that may be ini. netal. i. sed, or ^erti. 1.5. se, : that may be

i. minob, .Li. sed. Despite the unreLi. abi. .L^. ty of the assumpti. ons

specJ. es and cotton

these vaLues a, .Low the coinpa, =i. son o^ the res, .duaL N bene^i. t to

the cotton ^Torn each Legume spec^. es.
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Table 3. Apparent rid. trogen usage by the legume spec, .es and cotton

Treatment Spec, .es

Soybean Cowpea Morig Navy Adzuki. Pi. geon

Days to harvest after
measured N up-take

6/2/87 (7/4/87)

N up-take (kg N/ha)
6/2/87 (7/4/87)

N removed i. n seed o^

Legumes 1987 (kg N/ha)A

N up-take ,. n the 1988
cotton (kgN/ha) B

Total N removed from

1987-88 (kg N/ha) A+B=C

Apparent N recoveryb
(90 kg N/ha) relative
total removed C/90

Apparent N recoveryb
(90 kg N/ha) zelati. ve
cotton up-take B/90

a VaLues ,. n brackets were taken at dates i. n brackets

Apparent N recovery i. s a measure of the ut, .Li. sati. on eff, .c, .ency
of the 90 kg N/ha fertiliser appL, .ed on the 12 July 1987. These values
were obtained by di. v, .di. rig the totai. N removed ,. n 1987-88 and N removed ,. n
just by the cotton ,. n 1988.
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(8).

60

(161)

39

122.4

62.9

40

60 .I

59.6

51.1

60

182.5

b

53.1

25.1

53.5

2.03

65

54

104.2

55.0

25.3

33.2

O . 67

83

(43)

35.3

(86.9 )

1.16

108.5

53.3

32.1

0.59

1.21

78.6

46.7

44.9

0.87

0.61

78.8

49.3

0.59

0.88

94.2

0.56

1.05

0.52



D^SCOSS^ON

Li. nt harvested are i. ,:rigat, .on t, .me and Legume spec, .es

(TabLe 2). Each o^ these treatments had an ef^ect on the

The mai. n treatment effects whi. ch deterin, .ned the amount of

amount of N taken up by the cotton. Trri. gated cot:ton requi. ,:es

Large amounts of 11, consequentLy the producti. on o^ Lint ,. s

LargeLy a functi. on of the amount o^ N taken up by the pLant

(Hearn, 1981; Constab, .e and Rochest:er, 1988). The d, .scussi. on

of the resuLts w, .Ll. concentrate on the treatment e^fects on N

uptake.

Trr, .gati. on Time Effect

Trr, .qati. on t, .me and recovery from waterLogging

The i. inportance of oxygen to the growth o^ cotton roots

demonstrated by Huck (1970), who showed that the growth of
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cotton roots decreased when oxygen concentrati. on o^ the SOLL

atmosphere around the roots was Less than 10 ^. Tf aLl. the

oxygen was removed from the zone around the roots, root growth

stopped w, .th, .n 2 to 3 in, .nutes. Per, .ods of 3 hours or Longer

o^ coinpJ. ete ariaerobi. OS, .s resul. ted in death of 100 ^ 0^ the

prt. mary root t, .ps. Tr, :i. gabion o:E cotton resuLts i. n the

depLet, .on of SOLL air w, .th SOLL oxygen be, .rig consumed w, .thi. n a

few hours of ,. nundat. i. on by microb, .a, . resp, .rat:i. on

(Ponnamperuma, 1984).

Past experiments have shown that growth and yi. el. d o^

cotton ,. s correLated w, .th recovery o^ at, : ^,.. LLed POLOSi. ty

was



(AE'P) wi. th, .n the top 0-20 cm o^ the soi. ,.. a:Eter irrigation.

The suggested criticaL vaLue o^ AE'P for pLant growth i. s 10 ^

but it: ranges from 8 to 15 ^ accord, .rig to so, .L texture and

structure (WesseL, .rig, 1974 c, .ted ,. n Hodgson and MacLeod,

1988). Hodgson (1982) working on a si. ini. La, = so, .L to that used

i. n the present exper, .merit showed that recovery of AE'P to 10 ^

,. n the 0-10 cm depth, when averaged over three i. rri. .gat, .. ons was

1.09, 1.93 and 2.34 days for 4, 16 and 32 hour' ,.,:,:i. gat, .on

ti. mes respecti. veLy. Si. ini. LarLy, recovery ,. n the 10-20 cm depth

was 1.37, 2.26 and 2.38 days ^or the above durat, .ons of

,. rr, .gati. on. S, .in, .La, : vaLues ^or 0-20 cm were obtai. ned for 4

and 16 hours of i. r, :i. gati. on by Hodgson and Chan (1982).

Trri. gat, .on t, .me thus reduces growth through ,. ts e^fect on the

t, .me taken ^or the SOIL to

pLant roots access to oxygen needed for ceLLULar resp, .rati. on.
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T, :rigat, .. on time and n, .trogen uptake

The durat, .on o^ i. rr, .gati. on i. s considered to have a^fected

the amount o^ N taken up by the cotton ,.. n two ways. F'i. .r'stl. y,

it couJ. d be due to an i. rid, .rect e^fect through the amount of

rest. duaL N Le^t by the legumes under the three di. ^fez'ent times

of i. ,:rigati. on (4, 16 and 32 hours) the previ. ous year.

d, .scussed I. n sect, .on 3.3.2, waterLoggi. rig ,. s known to decrease

N :E, .xati. on. Hodgson et aZ. (1988) report that growth o^ aLl.

regaLn
.

an AE'P wh, .ch w, .LL aLLow

s, .x Legume speci. es was reduced with increased ti. mes o^

I. rr, .. gat, .on (see Append, .ces I, 2, and 3). There:Eo, :e ,. t i. s

L, .keLy that the amount o:E res^. duaL N der, .ved from the Legume

crop was aJ. so reduced wi. th increased i. r, ri. gat, .on time.

As



SecondLy, water1.09gi. rig coul. d di. ,:ectLy a^^ect N uptake

either by caus, .rig a rap, .d dep, .et, .on ,. n the ava, .Labi. Li. ty of

nitrate N to the pLant through denttr, .^i. cat, .on under ariaerobi. c

cond, .ti. ons, or through the PI. ant. ,. t. seLf be, .rig uriabLe to take

up the n, .trate (KozLowski. and PaLl. at'dy, 1984). Reduced N

uptake wi. th, .n the p, .ant ,. s due to decreased soil. oxygen LeveLs

causi. rig stomata1. o1.0sure, wh, .ch then decreases transpi. rat, .on.

As N i. s transported i. n the phLoem, 11 uptake decreases as

transpi. ,:at, .. on decreases (So^ka and StoLzy 1980; KozLowski. and

PaLLardy, 1984 )

N inov, .rig ,. nto the pLant (Burhan and Babi. ki. r, 1968). The

peti. o1. e nitrate Level. s o^ the cotton taken ^ust before the

:Ei. r'st i. rri. gati. on (Fi. gure 2) demonstrate the i. rid, .rect e:E^ect of

,. rri. gati. on time. Tt can be seen that there i. s a SLgn, .^,. cant

reduct, .on i. n ava, .LabLe resi. duaL N as ,.,=I:',. gat, .on time extends

Peti. o1. e nitrate can be used as a measure of the amount o^

from 4 to 16 and 32 hours.
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e^fect as at th, .s ti. me ne, .the, = the cotton pLants nor the soi. L

has undergone di. fferent durati. ons of ,. rr, .gat, .on. Ni. trate

concentrati. on ,. n the pet, .oLes of the youngest mature Leaf are

greatest ^rom Late vegetative to earLy bLoom phase of plant

growth (MacKenz, .e et aZ. , 1963; Burhan and Bab, .ki. I:., 1968).

Suggested ori. t, .caL n, .trate LeveLs at thi. s ti. me are 19,000 ppm

(ConstabLe, 1987). Therefore the cotton ,. n th, .s experi. merit ,. s

very deficient in IT (Pi. gures 2, 3 and 4).

Th, .s ,. s considered a rest. duaL N

The reduced N concentration through i. ncreased i. ,:,:i. gat. ion

ti. me ,. n the youngest mature Leaf (YML) and shoots' (Pi. gure 5)

w, .LL have been in^I. uenced by both res, .duaL 11 and the fi. r'st

i. rr, .gati. on . The main effect ,. s Li. keLy to be that o^ resi. duaL



11, aLthough ,. ncreased ,.,:r, .gati. on t, .mes ,. n the fi. r'st: I. rr, .. gati. on

WILL have reduced the N concentrat:,.. on of the YML, and shoots,

as cotton uptake of N ,. s greatest during this point o^ pLant

growth (Burhan and Babi. ki. I:', 1968). Un^ortunateLy, the

expert. merita". des, .gn d, .d not aLl. ow the at. :Eferent, .. at, .on between

the effects o^ rest. dual. N and the f, .r'st ,.,:r, .gat, .on. The

doin, .nate effect of restduaL N i. s probabLy true as weLL for the

amount of N taken up on day 88 (E'i. gure 6), as the ef^ects o^

increased waterLoggi. rig have not aLways be evi. dent unt, .L after

the second ,. rr, .gati. on (Hodgson, 1982). However, the totaL N

uptake at day 133 wi. LL have been ,. n^I. uenced by i. ,:rigati. on t, .me

affecti. rig both Legume resi. duaL N and N uptake by the cotton

this season. As predi. cted by the peti. oLe n, .trate LeveLs

(Pi. gure 2), ,. ncreased waterLoggi. rig decreasesd N uptake

(E',. gure 6 ) .
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Trri. gat, .on t, .me and L, .nt y, .eLd

Li. nt production was affected i. n the same way as was N

uptake, the mai. n factor affect, .rig cotton growth (E',. gure 7).

Nitrogen uptake at day 133 was reduced by 15 ^ through

extendi. rig the ,. rr, .gat, .on ti. me ^rom 4 to 16 an 32 hours; Li. nt

was decreased by 11 ^ over the same ,.,:rigat. ton t, .mes. These

resuLts are s, .in, .Lar to those reported by Hodgson and Chan

(1982) who found Lint yi. eLd decreased by 8 ^ when IT'rigat^. on

ti. me was extended :ET'om 4 to 16 hours' Stint. LarLy Hodgson

(1982) upon trioreasi. rig the ,. rri. gati. on time from 4 to 16 and 32

hours, :Eound Li. nt to be decreased by IT and 18 ^ respecti. vel. y.

Lack o^ di. ^fez'ence between the 16 and 32 hours (compared to

Hodgson 1982), may be due to the Low so, .L N LeveLs o:E the



present experiment havi. rig the mai. n e^^ect on yi. .eLd compared to

thi. s seasons i. ,=rigat, .. on.

Spec, .es effect

Spec, .es e:Efect and n, .troqen uptake

differences between the effect o:E summer grai. n Legume species

Thi. s exper, .merit shows that there are SLgn, .^toant:

on cotton ,. n the subsequent year (Pi. gures 8, 9 and 10).

resuJ. .I:s ,.. ridi. cate that; ,. n terms of how weLL the cotton grew

and yi. eLded after the Legume crops, there ,. s Li. ttl. e di. ^^erence

between soybean, cowpea, inung bean and navy bean. The Least

growth by the cotton was cons, .stantLy after adzuki. bean and

pLgeon pea.

the source of the 11 that: was taken up by the cotton.
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These resuLts however, do riot take ,. nto account

have come ^,:Qin any combi. nation of three sources: the ,. nherent

soi. ,. N POOL, the ^ert^. Li. se, = appLi. ed at 90 kg N/ha before the

Legume spec, .. es were sown, and the symbi. oti. c N fi. xed by

Rhtzobta ,. n associ. ati. on with the Legumes and present i. n I:he

restduaL dry-matter. Un^ortunateLy measurements were not

taken du, :trig th, .s expertment that wouLd have aLLowed the

sepa, :atton N contr, .buted to the cotton ^rom these sources.

The N ava, .lab, .e to the cotton in th^. s exper, .merit couLd

Tn order to deterini. ne which 91:. a, .n Legume ,. s best to grow

,. n terms o^ restduaL 11, .. n a rotati. on w, .. th cotton, ,. t i. s

i. inportant to consider the source o^ the res, .dual. N. Rest. duaL

The



N from the Legume crops will. depend on how much ini. neraL N ,. s

taken up from the so, .I. , how much N i. s fi. xed and how much N i. s

removed i. n the 91:'atn (Mye, :s and Wood, 1987). To qua, ..,.:Ey the

source o^ N for the cotton and thereby deterini. ne the best.

Legume :Eor a crop rotation, an N ut:,.. Lisati. on ef^totency or

apparent 11 recovery, for each Legume treatment can be

ca, .cuLated. inhi. s recovery rate takes ,. nto account the N

ava, .LabLe to the Legumes as 11 fez'ti. L, .se, r, the N taken o^f ,. n

the Legume seed and the N taken up by the subsequent cotton

crop. Thi. s gi. ves a reLati. ve stand, .rig :Eor th, .s expel:.,. merit as

to the va, .ue of each Legume speci. es as a N source. The

recovery rate ^or each speci. es treatment ,. s calcuLated as the

totaL N removed (,. e. ,. n the Legume seed and taken up by the

cotton) divided by the amount of N fez. t, .L, .ser appL, .ed (90 kg

N/ha) be:EOTe the Legume crops were sown.

caLcuLati. ons are shown i. n TabJ. e 3.

Tt i. s L, .keLy that the 90 kg N/ha fez't. i. It. se, : wou, .d have

decreased N fixati. on i. n aLL spec, .es (see Sect, .on 3.1. I). As

weLJ. , the Legumes wouLd have taken up some o^ the N

fez'ti. Li. ser, hence ,. t. cannot be assumed that aLL the rest. duaL N

has come ^,:om Legume-Rhtzobtum symbi. OS, .. s. As seen :ETom

F, .gut'es 9 and 10, cotton grown after navy bean had si. in, .. Jar N

uptake and L^. nt y, .eLd as soybean, cowpea and inung bean.

However, when the botaL N recovery rate ,. n both Legume seed

and cotton shoots i, s considered (TabLe 3), onLy 0.87 or (87 ^)

o:E the 90 kg N/ha has been ut, .L, .sed. This i, s contrasted to

soybeans wh, .ch had a totaL N recovery rate 2.03. Tt ,. s

The resuLts o^ these

assumed that triberent so, .I. N i. s the same for both treatments.

Therefore, the va". ue of soybean as an N source :EQ, : cotton ,. s

much greater than navy bean.



source of N ^or the cotton, does g, .ve the reLat^. ve vaLue o^

Thi. s apparent N recovery rate whi. Le not: de^in, .. rig the

each Legume as a N source. Therefore in terms o^ the apparent

N recovery (or fez'ti. Li. ser e^f, .. ci. ency) rate, the speci. es

decrease ,. n the order; soybean > inung bean, cowpea > pi. geon

pea > adzuki. bean and navy bean (TabLe 3). Th, .s i, s contrasted

to t:he resuLts stated above and shown ,. n E'i. gures 8, 9 and 10.

Soybeans consistentLy Le^t more residual. N than inung bean

for r, .ce grown on a grey cLay ,. n the Ord r, .ver scheme (Chapman

and Myers, 1987). Soybean ,. s reported to have f, .xed

significant:I. y more 11 than both cowpea and inung bean, wh, .ch

both fi. xed more than pi. geon pea (Chapman and Munchow, 1985).

However, the Latter three spec, .. es had h, .. gher res, .dua. L N LeveLs

as soybean removed a Large part of i. ts N ,. n the harvested

seed.

,. ncreased, the rest. duaL N Left by inung bean and pi. geon pea

decreased to a I. eveL beLow that :EOT' soybean wh, .ch was equaL to

cowpea. Gi. ri. and De (1980) reported that pearl.

in, .LLet was abLe to take up more N ^oLLow, .rig cowpeas compared
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As the envi. roninentaL stress of moisture deEi. c, .t

that ^or

to inung beans or pi. geon pea, wi. th the Latter two bei. rig very

s, .in, .Lar .

^i. xati. on capac, .ty than soybeans and cowpeas (Pi. ha and Munns,

1987). Navy beans are aLso reported to be uriabLe to prov, .de

su:E^i. c, .ent N ^or maxi. mum y, .eLds; uti. L, .s, .rig added ^ert, .Li. se, = N

much more readi. Ly than ^i. xi. rig the, .,= own (Westermann et aZ.

1981).

Navy beans have been shown to have a Lower N

The Li. terature appears to support the resuLts ,. ridi. cated by

the apparent N recovery rates. Soybeans ^i. x more N than most



other

ut, .Li. sat, .on, wh, .ch i. s Less than soybean.

speczes.

f^. xing as much N as the above three speci. es ,. s superior to

navy bean i. n terms of IT ^i. xat, .on and apparent recovery o:E the

.

N ^ert, .L, .ser. Adzuki. bean i. s a reLati. veLy new crop hence

Li. ttl. e research has been car, :,. ed out. on I. t, though ,. t seems

Cowpea an inung bean are s, .in^. Jar in the 11

si. in, .. Lar t:o navy bean ,. n i. ts uti. L, .sati. on o^ N.

Crop n, .trogen equi. vaLents

Tn order to est, .mat:e how much N each Legume contributed to

the subsequent cott:on crop, the contr, .but, .on by ,. nherent sol. L

N to I^ uptake and recovery of fez. ti. Li. ser 11 have to be

esti. mated, as these controLs were not present ,.. n th, .s

expert. merit.

Pi. geon pea wh, .I. e not

BSti. mates of N uptake for cotton toLLow, .. rig cotton w, .thout

appL, .ed N fertiliser on so, .L very s, .in, ..,. a, : to th, .s expert. merit

L^e between 32 to 68 kg N/ha (ConstabLe and Hearn, 1981;

Hearn, 1986). The vaLue of 44.2 kg N/ha obtatned by Hearn

(1986) ^or cotton grown under s, .in, ..,. ar cond^. ti. ons to th, .s

experiment WILL be used as the contr, .buti. on by ^. riberent SOLL
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N. Fez'ti. Li. se, r recovery by cotton grown on th, .s so, .L range

^Torn 30 to 45 ^ (ConstabLe and Hearn, 1981; Hearn, 1986;

ConstabLe and Rochester, 1988). Hearn (1986) proposed that

40 ^ 0^ n, .ticogen ferti. L, .ser was recovered by the cotton. As

th, .s i's an average vaLue, and ,. t was obta, .ned under si. ini. Lar

^i. eLd and cLi. mati. c cond, .ti. ons th, .s vaLue wi. 1.1. be used for the

fezti. Lise, : recovery rate. Us, .rig the vaJ. ues obtai. ned by Hearn

(1986), est, .mates of fezti. Li. se, = equi. val. ents ^or the si. x grai. n

Legumes can be caLcu, .ated (Table 4).



The N equi. vaLent vaLues for each Legume (TabLe 4) show the

relative di. feerence between the speci. es. Soybeans grown by

Hearn (1986) were consi. dered to have contr, .buted 32.5 kg N/ha

crop. The difference between the two

may be due to the 90 kg 11 fezti. Liser/ha appL, .. ed i. n th, .s

exper, .merit. By appLyi. rig the cal. cu, .ati. ons and assumpti. ons o^

fezt, .Li. ser recovery to data :ETom G, .ri. and De (1980) cowpea an

pi. geon pea would have contri. buted 21.8 and 14.8 kg 111ha

respecti. veLy. Mung beans grown be^ore sorghum i. n southern

Queensland were consi. dered to have prov^. ded the equ, .vaJ. ent o^

68 kg N/ha (Doughton and MacKenzi. e, 1984). Thi. s hi. gh vaLue

to the next cotton

may be due to a faster rate o^ mineraLi. sati. on i. n those SOL, .s.

Myers and Wood (1987) us, .rig Chapman and Myers (1987) data

esl:jinat:e soybeans and inung beans contributed the equi. vaLent o^

42 and 27 kg N/ha respecti. veLy to the toILOw, .. rig ri. ce crop.

vi. ew o^ these reports, the fez. t, .I. ,. ser equ, .vaLent vaLues

obta, .ned ,. n this experiment are cons, .stent with those found

eLsewhere.
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riot teas, .bLe due to the assumpt:i. ons i. nvoLved concern, .rig N

recovery and ,. riberent so, .L N. However, these vaLues do g, .ve

an ,. ridi. cati. on o^ the reLat, .ve merits o^ each spec, .es when 90

kg N/ha has been app, .,. ed before the Legume crops were pLanted.

crops

Tt must be remembered that direct coinparzsons are

Tn

.



Table 4. Estimated fezti. Li. sei:. n, .trogen equ, .vaLents for the
Legume species

Legume

N uptake by cotton
after legumes (A)

(kg N/ha)

Difference between N

uptake after Legumes
and after cotton (B)

B= A- 44.2

(kg N/ha)

Equi. va, .ent N fezt, .lise, :
assumLng a recovery

effi. c, .ency of 40 ^ (C)

Soybean

60.1

c=BIO. 4

Cowpea

53.1

15.9

M^Ig

55.0

Navy

Spec, .es e:E:Eect on peti. oLe n, .trate LeveLs

8 . 9

39.8

As d, .scussed above, peti. oLe n, .trate measurements gi. ve

,. rid, .cat, .on of the amount 0^ 11 inov, .rig into the PI. ant.

Coinpari. son of Pi. gures 3 and 4 shows that peti. o1. e nitrate

Level. s were sti. Ll. decreasing ei. ght days after the first

i. rri. gati. on .

53.3

Adzuki.

10.8

22.3

46.7
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Pi. geon

9 . I

27.0

49.3

2 . 5

23.0

Pet, .oLe nitrate Level. s show an i. riteract, .on of andspecLes

ti. me (Pi. gures 3 and 4). Thi. s would suggest that waterLogging

a^fects the avai. Labi. L, .ty o^ restduaL N ^,:om the Legumes in

di. f^erent ways. The navy bean treatment shows the greatest

di. ^^ex'ence in the ava, .Labi. L, .ty o^ N over ,. rri. gati. on time

compared to the other Legumes. Where aLL the other spec, .es

general. Ly showed decreases ,. n peti. oLe ni. trate w, .th ,.,:,:i. gat, .. on

t, .me, navy bean was riot a^Eected.

6 . 3 12.8

an



This resul. t i's thought to be somewhat anomaLous due t:o the

^oLLow, .rig reasons. The ^,. na, . 11 uptake for the navy bean

treatment shows a large decrease ,. n the amount o^ N taken up

wi. th i. noreased waterLogging ti. mes (data not: presented).

the apparent waterLogg, .rig e^^ect on peti. oLe N was not

susta, .ned for the durat, .on of the season.

reLated to the source o^ n, .trate ^or the cotton, regardLess of

where the rid. trate came ^,:on, the dent. tri. fy, .rig effect of

waterLogg, .rig wouLd be the same (Ponnampe, :urna, 1984). The Lack

of di. ^^erence i. n th, .s i. rr, .gati. on may have resuLted ^2:0m the

navy bean crop causi. rig st, =ucturaL damage ,. n the SOIL thus

nuLLi. fy, .rig any ,. rr, .gat, .on t, .me ef^ect.

riot consi. dered Li. kel. y for two reasons.

ef:Eect. shou, .d have carried over to the ^trial. N uptake

measurements, yet they were not. Second, there are no other

reports i. n the L, .terature to suggest navy bean has thi. s e^fect

on so, .L. Therefore no exp, .antati. on can be put ^orward at

present for the Lack o^ di. fference of peti. oLe ni. trate LeveLs

with i. ,:,:,. gati. on t, .me ^or navy bean.
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T:E the resuJ. t. was

Hence

Regress, .on of Li. nt on nitrogen uptake

Th, .s expLantat, .on i. s

Pi. r'st, any adverse

Regz:ess^. on o^ Lint on N uptake for expert. merits using N

fez't, .L^. ser have general. ,. y y, .. e, .ded an asymptote rel. attonshi. p i. n

the form an M, .tscherLi. ch equati. on (Hearn, 1986; ConstabLe and

Rochester, 1988).

L, .nt yi. eLd = A (, - exps<Nup

where A, B, and C are constants

Nup ,. s n, .trogen uptake by the cotton

c > >



but the rest. duaLs fat. Led to converge due to i. nsu^^,. ci. ent

Th, .s type of regress, .on equati. on was appL, .ed to the data

spread ,. n the data. As can be seen from Pi. gure 11, the data

were best fi. tted by a L, .near modeL for the three parameters

seed cotton, seed and lint. As predi. cted by the Mt. tscherLi. ch

equation there i. s a reLati. veLy Linear ,. ncrease i. n L, .nt y, .el. d

at Lower Level. s of I^ uptake. Therefore, ,. t i. s assumed that

the range of N uptake ^ound i. n th, .s study i. s too Low for yi. eLd

to depart ^orm a L, .near reLati. onshi. p wi. th N uptake.

The opt, .mum I. eveL o^ N uptake for 90 ^ maxi. mum yield i. s

about 100 kg 111ha (Hearn, 1986; ConstabLe and Rochester,

1988). When this vaLue i. s subst, .tuted ,. nto the I. i. nt

reg, :ess, .on equation (given i. n E',. gure 11)

399 + 8.78(N uptake)

tt pred^cts a Ltnt yteLd 0^ 1277 kg/ha or 5.67 bales/ha. This

predi. cted y, .eLd ,. s s, .in, .Jar to y, .eLds for th, .s area. Therefore

even though the regressi. on equations came from a narrow range

of predictors they adequateLy pred, .ct the y, .e, .d ,. n response to

N uptake.

Lint
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L, .nt appears the Least: respons, .ve to 11 uptake compared to

seed cotton and seed (Pi. gut'es 10 and 11). Harvested seed

cotton ^rom pLots w, .th high N uptake may contain h, .ghe, :

amounts o^ trash and heav, .er seed.

,. n two ways.

pLant growth, thus caustng more vegetati. ve materI. aL to be

,. ncorporated by the cotton harvester i. nto the seed cotton.

SecondLy, seed may have increased due to cotton seed bei. rig

hi. gh i. n protein. ConsequentLy it w, .I. L be a much Larger 11 s, .nk

Trash may have ,. ncreased due to the ,. noreased

This may be accounted ^or



than the I. ,. nt, hence t. he seed may i. ncrease ,. n greater amounts

reLati. ve to the L, .nt for h, .gh 11 uptake PI. ants.

Concl. us, .ons

The e:E^ect of trioreased i. rri. gati. on ti. me ^or both Legume

and cotton crops was to i. norease the durati. on o^ waterlogging

expe, :,. enced by these crops. Thi. s caused a decrease ,. n the N

uptake by the cotton and a reducti. on o^ harvested Itnt by 11 ^

when I. rr, .gati. .on t, .me was extended from 4 to 16 and 32 hours.

rat, .o at 2 . 03 .

Soybeans had the h, .ghest: apparent N fert, .. Lise, = recovery

ratios ^oL, .owed by pi. geon pea.

the Least eff, .ci. ent N ^ert, .,. i. ser recovery at 0.88 and 0.87

respect, .veLy. The caLcuLated effective 11 feart^. It, ser

equivaLents showed soybean contri. buted the most N to the

subsequent cotton crop and adzuki bean the Least (39.8 and 6.3

kg 111ha respecti. vel. y).
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Mung bean and cowpea had stint. La, : recovery

soybeans usi. rig short it. r, .gat, .on t, .mes wi. LL rece, .ve the

greatest restdual. N benefi. t. 0^ the of:her speci. es, inung bean

and cowpea offer the greatest potent, .a, . for res, .duaL N.

:Ee, :ti. Lise, : i's to be appLi. ed be^ore the Legume crop, navy bean

Tt. i's concLuded that cotton grown in rotat, .on with

Adzuki. bean and navy bean had

must aLso be cons, .dered wi. th inung bean and cowpea.

There^ore grain Legumes can be grown successful. Ly under

,. I:'r, .gati. on and o^^er new OPPortuni. ti. es to offset the I:'i. s, .rig

^f N
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APPEND:LX I

On

E^fect of f^. eLd SLOPe and durat, .on of furrow i. rri. gati. on
gra, .n yi. eLd (at 12^ moisture) 0^ si. x Legume crops.

Field

SLOPe

Durari. on of

in:. i. gati. on
(h)

1:500 4

16

32

Mean

1:1000

Gra, .n y, .eLd (kg/ha) of:

Soy-
bean

4

16

32

Mean

1:1500

2371

2340

2415

2375

Pi. geon
pea

4

16

32

Mean

1:2000

1431

1377

1122

1310

Adzuki

bean

2341

2306

2526

2391

794

756

638

730

4

16

32

Mean

2033

2052

2008

2031

Navy
bean

Mean

2285

2625

2571

2494

Cow-

pea

703

655

187

51 5

1099

1139

1134

1/24

4

16

32

Mean

1922

2188

2002

2037

88

2320

2331

2475

2375

Morig-
bean

1598

1471

1474

15/4

1180

985

748

971

1003

956

801

920

I 597

1708

I 503

1602

2044

2301

1836

2060

SE (Slope)
SE (Duration)
SE (Legume)
SE: (S*D)
SE (s*L)
SE (D*L)
SE (S*D*L, )

Mean

2329

2400

2497

2409

1746

1840

1823

1803

1089

939

572

867

14/6

1384

1223

1341

n. s. : not sign, .Etcant at p < 0.05

1/15

998

859

991

1792

1902

I 760

18/8

1857

1979

I 742

1860

Source: Hodgson et a1. , 1988

2008

19/2

1750

1890

88 .I

46.1

61.2

n. S.

142.3

107.2

n. S.

821

794

597

737

1699

1704

I 667

1690

1003

962

858

941

17/6

1838

I 705

I 753

18/3

1708

1538

1686

948

843

526

772

I 670

I 743

1567

I 660

1782

1974

1584

1780

1791

1733

1646

1723

I 649

1684

1481

I 605

1722

1856

1838

I 738

1608

1629

I 485

I 574



Effect o^ tieLd slope and durat. ,. on of furrow ,. I:. ri. gat, .on
on shoot nitrogen uptake of si. x Legume crops on 6 February 1987
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E'i. eLd

SLOPe

Dura, :ton of

tin:i. gat, .on
(h)

1:500 4

16

32

Mean

1:1000

Shoot nitrogen uptake (kg N/ha) of:

Soy-
bean

4

16

32

Mean

1:1500

51.9

45.2

38.6

45.3

Pigeon Adzuki.
beanpea

4

16

32

Mean

26.2

32.5

24.4

27.7

1:2000

74.6

65.2

70.4

70.0

26.8

23.1

30 .I

26.7

Navy
bean

4

16

32

Mean

39.8

32.9

33.6

35.4

Mean

71.4

55.3

64.2

63 . 6

24.3

19.5

9 . I

17.7

Cow-

pea

30.3

37.7

32.7

33.6

4

16

32

Mean

42.2

43.4

32.5

39.4

89

65.4

55.4

47.7

56.1

Morig-
bean

66.1

54.8

62 . 3

61.1

45.7

25.8

25.3

32.2

39.6

34.9

30.4

35.0

39.5

53.7

55.1

49.4

45.5

33.5

36.9

38.7

LSD (SLOPe)
LSD (Durat, .on)
LSD (Legume)
LSD (S*D)
LSD (S*L)
LSD (D*L)
LSD (S*D*L)

Mean

60.3

68.4

66.3

65 . O

66.0

55.1

58.9

60.0

20.9

30.7

25.4

25.7

39.0

38.2

34.2

37.1

n. s. : not signi. E, .cant at p < 0.05

40.6

39 .I

33.4

37.8

72.3

65.1

64 .I

67 .I

38.4

35.6

31.9

35.3

Source: Hodgson (unpublished data)

66.4

55.0

58.6

60.0

33.0

22.7

18.3

24.7

53.8

49.2

48.7

50.6

7 . 7

2 . 4

4 . 6

n. S.

n. S.

n. s.

n. S.

34.3

33.7

31.7

33.2

83.7

49.2

59.3

64.1

67 . O

59.8

72.6

66.4

31.0

24.7

19.5

25.1

54.1

44.8

45.1

48.0

52 .I

63.0

57.7

57.6

64.8

59.7

61.3

61.9

50.7

45.5

46.9

47.7

61.9

57.7

59.0

59.6

49.4

44.4

43.7

45.8



Effect of :Ei. eLd SLOPe and durati. on of furrow ,. r, =i. gati. on
on shoot n, .trogen uptake of two legume crops on 7 Apr, .L 1987
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F, .eLd

SLOPe
Durari. on of

,. rri. gati. on
( h)

1:500 4

16

32

Mean

1:1000

Shoot nitrogen uptake (kg N/ha) of:

Soy-
bean

4

16

32

Mean

1:1500

160.5

167.2

154.2

160.6

pigeon
pea

4

16

32

Mean

1:2000

74.5

59.9

49.6

61.3

167.9

171.5

143.1

160.8

Mean

4

16

32

Mean

Mean

117.5

113.6

101.9

111.0

106.3

92.3

76.1

91.5

150.6

172.9

147.9

157.1

90

4

16

32

Mean

137.1

131.9

109.6

126.2

83.3

108.4

82.9

91.5

143.5

168.9

183.6

165.3

LSD (Slope)
LSD (Duration)
LSD (Legume)
LSD (S*D)
LSD (S*L)
LSD (D*L)
LSD (S*D*L)

116.9

140.7

115.4

124.3

114.4

91.0

104.7

103.3

155.6

170.1

157.2

161.0

Source: Hodgson (unpubl. ,. shed data)

128.9

129.9

144.1

134.3

n. s. : not signi. Etcant at p < 0.05

94.6

87.9

78.3

86.9

n. s.

n. S.

5 . 6

n. S.

n. S.

n. S.

n. S.

125.1

129.0

117.7

124.0


