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seed samples on thos study had receoved the benefot of a 
partoal hand scalpong of the threshong materoal so 
averages for typocal crude lots woll be lower The 
mechanocally processed seed was all passed twoce 
through the cleaner whereas commercoally ot os hoghly 
probable that only one pass woll be made and shghtly 
lower values woll result 

The relatove demand for crude and graded seed woll 
be onfluenced by the plantong system used and the 
costs of seed transport Crude seed woll undoubtedly be 
used where seed os produced on the same farm and 
where mechanocal planters are unavaolable or too 
costly Graded seed woll facohtate more precose and 
mechanocal plantong and woll reduce storage and 
transport costs Where seed os combone -harvested 
mechanocal scalpong could be desorable befare dryong 
or deawnong 

Reg•onal Seed Product1on Potent1als 

As part of an overall assessment of regoonal seed 
productoon potentoals a foeld experomental phase was 
onotoated on sox regoons durong 1979 Actual regoonal 
locatoons and collaborators are shown on Table 29 The 

onotoal emphasos was to onotoate the pro¡ect at locatoons 
on hogher latotude regoons woth sorne seasonahty of 
raonfall dostrobutoon and low frost oncodence and to 
collaborate woth onstotutoons already actove on germ 
plasm evaluatoon 

The foeld experoment aoms to detone phenology seed 
yoelds and the oncodence of weeds pests and doseases 
whole addotoonal chmatoc edaphoc agronomoc and 
economoc data are collected from other sources for 
each regoon 

The genetoc materoals oncluded were nomonated by 
both the collaborator and CIAT Each materoal was 
sown on pure stands on 80m2 plots woth three 
rephcatoons 

Adversa seasonal condotoons had negatove effects on 
the number of entroes estabhshed and wnhon sote 
varoaboloty at Santa Cruz Sete Lagoas and Valledupar 
Weeds were a problem for the legumes at Seta Lagoas 
reflectong sote hostory The forst year seed harvests of 
grasses and legumes were made at Chapare Brasoha 
Fehxlandoa CIAT Ouohchao and Santa Cruz whole only 
grasses were harvested at Sete Lagoas 

?1 MICROBIOLOr 
The ob¡ectove of the Sool Mocroboology Sectoon os to each sote was collected and sool samples were taken for 

maxomoze the benefots of boologocal notrogen foxatoon to analysos 
adaptad forages on the acod onfertole sools of tropocal 
Laun Ameroca woth prooroty goven to the 
legume/ Rhtzobtum symboosos The research strategy 
os (1) to maontaon and enlarge the CIAT RhtzobtUm 
germplasm resource (2) to evaluate the symbootoc 
notrogen foxatoon potentoal of Rhtzobtum straons woth 
adaptad legumes and (3) to test the symbootoc 
potentoal of selected straons on foeld sotuatoons onotoally 
at CIAT Quohchao Caromagua and Brasoha andthen on 
regoonal troals throughout the Tropocal Pasturas 
Program s target area 

Rh1zob1um Collect1on 

The addotoon of 55 Rhtzobtum straons on 1979 
brought the bank number to 2098 lnformatoon about 
the entore collectoon os recordad on a retroeval system 
detaoled on the CIAT RhtzobtUm Gatalogue 

Nodule collectoon especoally from Zornta spp was 
carroed outon the Llanos Oroentales of Colombos (Meta 
and Vochada departments) Complete onformatoon for 
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Stram Select1on 

The fove stages of Rhtzobtum straon selectoon have 
remaoned unchanged sonce 1977 (CIAT Annual Report 
1977) 

Stage 1 (Aseptoc tube culture) 

Although Stage 1 testong was delayed due to 
unavaolabohty of a growth chamber alternate systems 
were explorad 

In a hemotoxohn study woth the Sool Nutrotoon 
Sectoon nodulatoon occurred on a non aerated system 
ondocatong the potentoal for replacement ofthecurrent 
ly used agar plates woth nutroent solutoon Severa! 
nutroent solutoons were tested and growth pouches 
were selected for a comparatove study wnh the routone 
enclosed plan! agar tube method The former system 
employs plasuc bags folled woth nutroent solutoon anda 1 
paper wock One apparent advantage os that sox tomes 
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as many treatments can be placed on the same space on 
the hght room Plant appearance days to nodulatoon 
and locatoon and abundance of nodules of severa! 
legumes was observad on both systems Norros and 
Date as well as Hoagland s nutroent solutoons (modofoed 
to somulate acod sool stresses woth or wothout 3 ppm Al) 
were u sed on the growth pouches whole Jensen s agar 
was used on tubes Prehmonary results show more 
rapod and enhanced plant growth on growth pouches 
One hundred and none straons were proven onfectove on 
a member of the host genus from whoch they were 
osolated 

Stage 11 (Sand culture woth nutroent solutoon pH 7) 

The lac~ of a suotable onert matrox to substotute the 
prevoously used rover sand hmoted the number of tests 
completad on 1979 

Zorma lattfolla 728 and Stylosanthes capttata 1315 
were not able to estabhsh suffocoe'lt root growth on the 
N free quartz sand to permot nodulatoon onotoatoon 
Starter notrogen at the rate of 5 ppm N woll be used 

Stage 111 (Pot culture on sote sool) 

Evaluatoon of none DesmodtUm osolates on D 
ovaltfoltum 350 grown on sool from CIAT Quohchao was 
repeated dueto anomalous rasults comparad to those 
obtaonad on Stagas 11 and IV The forst Staga 111 test 
ondocatad that straons va roed sognofocantly on theor aboloty 
to affect dry matter productoon RhtzobtUm sp CIAT 
283 rankong forst among onoculatong straons (Tabla 30) 
However ot was not better than natove RhtzobtUm as 
ondocated by ots statostocal equovalence woth the non 
onoculatad control wothout apphed N In the second 
Stage 111 test Rhtzobtum sp CIAT 283 produced more 
dry matter than the control woth apphed N although 

Table 30 Campar son o rank ng obtat"led ío Rh1 ob um stra ns n Stage U and two 1dent cal 
Stage III tud es w th D smod um ovalúol um CIAT 350 

Mean d v ma tte Id 
Stag Ili Stag !U Sta.g ¡¡ 

Rh ob utn stra n l\ovemb 1978 Jul;,: 1979 Jutx 1978 
ClAT No (~/Z shoots) !g¿z El 1 

+N control 1 
1 

98a3 4 zl lZ 5Za zi o 4!la 

1\. control z 4 07ab 6 11 46a Ji o Oo4g 

283 3 3 95ab 1 14 14a 11 e 202b d fg 

359 4 3 75b 8 !O 9Ia 3 o 402a 

388 5 3 59b 11 !O 39a 5 o 33&~b 

297 6 3 42b 10 10 66a 9 o 2o4b d o 

533 7 3 3Zbc 7 11 42a 8 o 264ab d 

5!2 8 3 29bc 4 12 09a 4 o 347 b 

529 9 3 02bc 5 11 68a o 29 ab ~ 

507 10 2 86bc 3 12 09a 1 o 4!9a 

299 11 2 33c 9 !O 68a 6 o 334ab 

1 Ove a ll rank by means 
z In the Stage 11 exper m nt some oí th best out of 39 t a ns and the n t ogcn ontrol ar 600 n 

3 Mean values w th n column followed by the ame lett r a. e not B gn1ücantly dúf rent at a O 05 1 v 
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not S1Qn1f1cantly In the Stage 11 test CIAT 283 was the 
least effect•ve 

The lack of correlat1on between Stage 111 tests may 
have been due to seasonal effects on rh1zob1al 
performance Th•s needs to be determmed w1th 
duphcate expenments estabhshed m the f1eld and 
harvested at ume mtervals to measure wet and dry 
season effects on fohage product1on and •noculatlon 
response 

To test the response of Z latlfolta 728 and S cap1tata 
1315 to 15 Rh1zob1Um strams a contammat•on free 
system enabhng more plants to be placad m the same 
space (501m2 vs 91m 2) was adoptad 

Stat•st•cal analys•s of Zorma shoot dry matter 
product•on m CIAT Qwhchao and Canmagua so1ls 
md•cated no s1gn•f•cant d1fference between strams 
nor between strams and the plus and m mus N controls 
The h1gh N content of the CIAT Qwhchao so1l may 
mask moculat1on responses In Canmagua so1l results 
may md•cate the presence ol eff•c•ent nat1ve 
Rh1zob1Um strams Ant•sera w1ll be preparad to 
determme the 1dent1ty of the nodulatmg strams 

Although dry matter y•elds ol S cap1tata CIAT 1315 
m Canmagua soll were not analyzed stat1st•cally a 
v•sual evaluat1on ol nodulat1on md1cated that strams 
CIAT 301 and 871 were supenor Mean dry matter 
product•on of S cap1tata 1315 1n the CIAT Qwhchao 
so1l (Table 31) shows Rh1zob1Um strams CIAT 301 and 
1363 to be supenor 

Stage IV (F1eld tnals) 

In Stage 11 and Stage 111 tests (CIAT Annual Report 
1978) stram dependen! stat1St1cal d1fferences were 
observad lorD ova/Jfolium 350 moculat1on response 
In Stage IV expenments although results were 
stat•st1cally s•gmf1cant lor the flrst cuttmg th1s was not 
so lor lurther cuttmgs 1n 1979 The moculant 
technology expenment at CIAT Qwhchao ullhzmg 
three strams and three pellet•zat•on technolog•es 
agam d1d not show s1gmflcant treatment effects after 
the l~rst cuttmg nor lor treatment y1elds accumulated 
over all harvests 

The purpose ola 31 stra1n smgle rephcate expen 
ment Wlth Leucaena /eucocefala CIAT 871 was to 
determme •1 any stram could nodulate th•s legume m 
an acld so1l However by accumulatmg dry matter over 
two harvests as rephcatlons a Duncan multlple range 
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Table 31 Stylosanth s cap tata CIA T 1315 mean 
dry matter produchon under green 
house ond1t ons n &Ol"L from CIA T 
Qu l chao (Stage III) 

'th zob um stra n 
Rank1 

'\1: an d y matte y cld 
CIAT '.o !•12 hoots 1 

71 IZ 76ao2 

79 10 1 8 b 
301 1 z 1 Oa 
763 5 b b 
765 4 1 9 ab 
870 ¡ 1 1 78 b 
8 1 7 8Sab 
882 3 z OOab 
887 16 :>3ab 

lZ38 8 83 o 
1358 6 ¡ 91 ab 
1359 13 1 b 
1363 2 2 l Ca 
1460 14 71ab 
1468 17 1 9b 

+'1 ont al 15 1 5oab 
N ontrol 9 1 82ab 

1 By mean d y rnatte r produ t on 
Z Mean values followed by the sam 1 tter are not 

s1gnútcantly dúfe nt at a O 05 1 vel 

-test was run on the moculatoon response At 
Can magua no statost1cally d1fferent y•eld responses to 
strams were observad (Table 32) The l1ve h1ghest 
rankong strams lor the l~rst harvest were d•fferentfrom 
those ol the second 

Alter the second harvest roots ol f1ve plants lrom 
each treatment were rated for nodulat1on The 
treatment nodulat1on scores were not s•gml1cantly 
correlated w1th dry matter y1eld In treatments w1th 
greater than average dry matter product1on only hall 
had better than average nodulat•on Nat1ve RhJzobJUm 
or contammat1on lrom onoculated plants produced 
l'lodules on plants m non moculated treatments Soma 
strams lound to be •n1t1ally good nodulators such as 
CIAT 1967 and 1920 (Canmagua Annual Report 19781 
were poorly mlect1ve thos year wh1le other strams 
lmproved Al CIAT Qwhchao statiSIICal yleld 
d•fferences were recordad for accumulated harvests 

The establishment of a study Wl!h S capJtBta 1315 
and Z latJfolia 128 for stra1n select1on was undertaken 
at CIAT QUihchao and Canmagua 

Venflcat1on of Stage IV resulta Recordad macula 
!IOn responses should be venf1ed by determmmg that 
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Table 32 Dry matter produchon accunlulated over two harvests by l.eucaena sp CIA T 871 m oc u lated 
Wlth Rh i:Ob1um atra.1ns 1"\ Ca.r1ma.gua. 

Rh ob1um Mean dry matter Nodulat on2 Rh1 ob um Mean d ) matter 1\odulat on 
stra1n y1eld se ore st a n y1eld s o e 

CIAT No {ksLhal !•e ond harvest} CIAT No (kgLha) íse ond ha v •l 

1920 61 o 3 42 70 6 
1967 540 5 685 362 5 
1919 533 10 1921 361 7 
1931 524 11 1963 352 8 
1939 480 10 1961 345 12 
1964 471 9 847 338 5 
1966 468 i 19Z3 337 7 
1965 460 10 1959 301 10 
1934 449 10 1732 284 5 

+N control 43l 2 1937 259 8 
1944 429 4 1747 251 7 
1740 418 5 1742 250 8 
1735 415 6 1947 237 8 

346 399 4 N control 234 1 
843 394 6 1962 137 z 

194> 375 10 1927 121 10 
1917 371 13 9 85 1 

1 N" ol¡n!llcant dllleronceo wore lo~>nd betweon atraillo 
2 S1>m e( !lvo planta acored by vloual lnapectlon (3 • abundant 2 a mode:rate 1 a acaree o 

nona r.vcu•aa:o 6 9) 

tha nodulas formad on tha plant correspond to the 
lnoculatlng streln Thls la espaclallv necessarv under 
tha aeptlc condltlona In the fleld where competitiva 
nativa Rhlzobtum mav be nodulatlng the plant In arder 
to accompllsh thls 88varal addltlons tothe laboratorv a 
antlaera collactlon hava been made 

lnoculatlon Reaponae Potentlal 

Duato the hlgh N content In the CIAT QulllchaD son 
tho potentlal for drv matter productlon responses to 
lnoculatlon la qualtlonable A control of ground corn 
1talk (2 t/ha) waslncDrporated In the S cep/tete 1316 
exporlmont aatobllahed at CIAT Qulllcheo lf there la e 
111'111 dlfforanco bstweon thla treetment and the mlnus 
N control atroln aeloctlon at CIAT Qulllchao ahould ba 
ro avaluoted ea hlgh aoll N mov be llmltlng lnoculatlon 
rGII)Onlll 

lnoculant Recommendatlona 
Extrapolablllty Study 

A hDat rango atudv la In progre11 tD dotermlne the 

mfectlvltv and efflc1encv of severa! Rhtzobtum strams 
on var~ous promlsmg hnes of Stylosanth11s 

As In Sta; e 1 lnfect•v•tv of strama under defmad ac1d 
soll condltiDna was studled m growth pDuches 
lnformatlon on tha ranga Df infectiVIIV w111 be usad m 
plenning Stage 11 and 111 experimenta to studv the 
efficiencv of a atra1n under def1ned aseptic cond1t1ons 
and ir• aaptic sita aoil This informatiDn w111 halp clarifv 
the llmltationa to straln recommendation 

This type of information la apparentiv nacassarv ss 
relatad Oesmodtum apee les reacted varv d1fferent1v to 
Rhlzoblum at the Carimagua fiald stst•on D 
ovalifoltum 360 nodulated raadilv in the non 
inoculatad plota Nona of the three strain x thrae 
inoculan! technologv traatmanta aignificsntly m 
creaaed drv manar productiDn ovar the piusand mlnus 
N controla Nativa Rhllobtum appear tD be aqually 
effective aa tha beat atrains seiected frDm among 70 
Oesmodlum lsolates at preiiminarv acr88ning levels 
On the Dther hand O heterocerpon 386 (taxonom•cally 
the aama spaciaa aa O ovalifol1um o het&rocerpon 
var heterocerpon) appaared chiDrotic and nodulsted 
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poorly An effect•ve moculant would prove to be of 
great advantage for th1s access1on Stage 1 11 and 111 
expenments to select suJtable moculant strams are m 
progress 

Compar~son of Acad and Rach Medaa 
for Rhazobaum Culturmg 

Phenotyp1c d1fferences between ~¡trams •solated 
from a smgle nodule have been observad lsolates 

grown on routme (nch) laboratory med1um may 
demand spec•al growth factors and may not be suJted 
for ac1d so1ls Furthermore stram storage on such 
med1a has been cons•dered a cause of loss ot 
competence (surv1val and mfectJVIty) under fteld 
condltlons On the other hand strams were less 
eff•c•ent when mamtamed on ac1d med1um A study IS 
m progress to determme the best •solat1on med1um 
and to determme the correlat•on between type ot 
•solat1on mamtenance med1um and stram effJCJency 
w•th t1me under defmed ac1d condJtlons 

T .. ble 33 Growth and stab1l ty of Rhuob um tram m varJous ac d screen11g med a anU b ... 1ge 
n the pH oí the latter 

e lL d ns tr 
Culture Rh ob um In t al F nal or! 
Medtum1 CIAT No 2 (ceUsimll In t al F nal 

1 270 A 2 2 1a4 8 28 1 o3 4 7 4 7S 
B 2 1 oS 4 so 

861 A 1 8 104 10 4 7 
B 1 103 4 7 

907 A 3 S 1 o
3 

1 49 10 4 7 
B 

1 o
4 1 1s 1 o3 4 7 

2 270 A 2 2 4 1 1 os .. 7 6 9 
B 9 1 o 7 7 3 

861 A 1 S 1 o4 o 1 ol 4 S 
B o 1 o1 6 2 

907 A 3 S 1 o 3 1 z 1 os .. 5 
B 6 9 1 os 4 S 

3 270 A ~ 2 1 o4 1 2 107 6 o 
B 

1 o
4 

S61 A 1 S > 1 ol 
B > 101 S 2 

907 A 3 s 1 o3 1 1 o6 5 S 
B S 1 o6 6 2 

4 270 A 2 z 1a4 4 4 107 4 7 4 9 
B 3 7 1 o6 6 S 

S6! A 1 S 1 o4 1 o 1 o9 .. 8 
B 

907 A 3 s 1 o3 :> 1 o
1 

4 3 
B 2 1 o 7 4 9 

5 270 A 2 z 104 2 z 1 os 6 6 6 6 
B > 1 o6 4 9 

861 A 1 8 1 o4 
:> 1 ol 4 9 

B 
1 o

3 1 1 o 3 4 8 
907 A 3 S 4 6 1 o7 6 5 

B 3 z 1 o7 6 6 

1 K y to med1a 1 = Key er Wlth glycerol no pH nd cato Z = Keyser s w th glycerol W>.th 
b orrto e ol gr en pH tnd catar 3 = Keyser s w th a ca.b nose no pH 1nd cato 4 Keyse S 

w th a ab no e w1th bromoc escl green pH nd cato 5 = Yeast mann tol mcd um no pH 
nd ato 

2 Repl cat a A and B 

48 

.t 

' 



Table 34 CuTrent moculatlon recommcndat ons dcveloped for sev ral r..ro"lUSlllh forage legumes 

Soe tes 

Cat go y 4 

D mod um ovalúohum 
Zo n a tatúol a 
Styto anlhes cau tata 
Pu ar1a phaseolo1des 

~go y 3 

St losanthes cap tata 

Zorn a pp 

Aeschynomen bras1l ana 
!!_ 1- st lX 

De mod um het rophyllum 
Stytosanthes hamata 
Codar ocalyx gyro des 

350 
728 

A CCSSlOn 

ClAT !\o 

1019 1315 
9900 

1318 13Z3 13Z5 
1405 1728 1943 
9179 9ZZO 9Z45 
9260 9Z70 9Z86 
9 48 
9681 9684 

349 
147 

3001 

The ac1d med1um was shghtly mod1f1ed and two 
carbon sources (arabmose and glycerol) were testad 
for ab1hty to support rh1zob1al growth w1thout a changa 
m the pH Bromocresol green a pH md1cator w1th an 
equ1valence pomt m the ac1d range (pH = 4 5) was also 
testad for poss1ble adversa effects on rh1ZOb1al growth 
Prehmmary results md1cated that both med1a per 
mnted rh1zob1al growth wh1le fmal react1on was 
dependent on the stram (Tabla 33) Glycerol was 
chosen as a su1table yet less expens1ve C source 
(US$461 90/kg and $9 55/kg for arabmose and 
glycerol respect1vely) 

Strams have been 1solated from nodu les collected 
from Z lattfolla 728 and S capttata 1315 grown under 
greenhouse cond1t1ons m a non moculated Canmagua 
so11 The cultures were obtamed by streakmg nch and 

134Z 

9Z58 
9Z95 

R~ ob um 

tra n 
ClAT 1\.o 

Z99 
71 

71 + 1238 
79 

71 + 1Z38 

71 
71 
71 
31 
71 

Z99 

T chnology 

Rack pho phat p llet 
Rock phosphat pellet 
Rock phosphate pell t 
Rock phosphate p ll t 

Rock phosphate pellet 

Ro k phosphate pellet 
Ro k phosphat p ll t 
Rack phosphate p llet 
Rack phosphate p llet 
Rock pho phate pellet 
Rock phosphate pellet 

ac1d1f1ed rh1zob1al med1a w1th the cell suspens1on from 
a smgle nodule The pa1red 1solates eff1C1ennes w1ll be 
comparad under defmed cond1110ns m Leonard J&rs 
Th1s study w111 be penod1cally repeated to determme 1f 
there are adversa effects of storage on enher med1a 
over 11me 

lnoculant Recommendat1ons 

The moculant recommendat1ons for prom1smg 
legume access1ons are g1ven m Table 34 Dunng 1979 
63 kg of peat based moculum were produced 36 kg 
were usad by CIAT and the Instituto Colombiano 
Agropecuano (ICA) wh1le 12 and 8 kg were sent to 
nat1onal and mternatlonal agenc1es respect1vely and 
7 kg to pnvate ent1t1es 

SOIL FERTILITY ANO 
PLANT NUTRITION 

The overall obJectlve of the So1l Fert1hty and Plant 
Nutnt1on Sect1on 1s to 1dent¡fy and correct mmeral 
def1C1enc1es and tox1C1t1es dunng the pastura es 

tabhshment penod on the ac1d so1ls w1th low nat1ve 
fert1hty of the Trop1cal Pasturas Program target area 
The research strategy takes mto account the so1l plant 
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