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T able 34 . Cu rrent inoc ulat ion recommencati ons dcveloped for severa! -¡:. r o:nising forage lcgumes . 

Soecies 

Category 4 

Dcsmodium ovali!olium 
Zor nia iati!olia 
Styiosanthes caoitata 
Puerar ia phaseoloides 

C a t egory 3 

Stylosanthe s capitata 

Zornia spp . 

A e schynomen e brasiliana 
A . J:ist r Lx 
Desmodium heterophyltum 
Stvlosanthes hamata 
Codar iocalyx gyr oides 

350 
728 

Accession 
CIAT No. 

101 9, 131 5 
9900 

1 318, 1 323, 1 325 , 
1405, 1 728, 1943 
9179 , 9220, 9245, 
9260, 9270, 9286, 
9ó48 
9681, 9684 

349 
147 

3001 

The acid medium was slightly modified and two 
carbon sources (arabinose and glycerol) were tested 
for ability to support rhizobial growth without a change 
in the pH. Bromocresol green, a pH indicator with an 
equivalence point in the a cid range (pH = 4 .5), was al so 
tested for possible adverse effects on rhizobial growth. 
Preliminary results indicated that both media per­
mitted rhizobial growth, while final reaction was 
dependent on the strain (Table 33). Glycerol was 
chosen as a suitable, yet less expensive C-source 
(US$461 .90/ kg and $9.55/ kg for arabinose and 
glycerol , respectively). 

1 342 , 

9258, 
9295, 

R!lizobium 
strain 

CIAT No. 

2 99 
71 

71 + 1238 
79 

71 + 1238 

71 
71 
71 
31 
71 

299 

-· 

Technology 

Rock phos phate pellet 
Rock phosphat e pellet 
Rock phosphate pellet 
Rock phosphate p e llet 

Rock phosphate pe llet 

Roe k phosphate pellet 
Roe k phosphate pe llel 
Roe k phosphate pellet 
Roe k phosphate pellet 
Roe k phosphate pellet 
Roe k phosphate pellet 

acidified rh izobial media with the cell suspension from 
a single nodule. The paired isolates· efficiencieswill be 
compared under defined conditions in Leonard jars. 
This study will be periodically repeated to determine if 
there are adverse effects of storage on either media 
over t ime. 

lnoculant Recommendations 

The inoculant recommendations for promtsmg 
legume accessions are given in Tabla 34. Ouring 1979, 
63 kg of peat-based inoculum were produced, 36 kg 

Stra ins have been isolated from nodules collected were used by CIAT and the Instituto Colombiano 
from l. latifolia 728 and S. capitata 1315 grown under Agropecuario (ICA), while 12 and 8 kg were sent to 
greenhouse conditions in a non-inoculated Carimagua national and international agencies, respectively, and 
soil. The cultures were obtained by streaking rich and 7 kg to prívate entities. 

1 ~ERTILITY ANO . CCGJ:: C··: 
PLANT NUTRITI~ 'wnr.o e~ c-;¿~·-::,::m::cN 

The overall objective of the Soil Fertil ity and Plant 
Nutrition Section is to identify and correct mineral 
deficiencias and toxicities during the pasture es-

tablishment period on the acid soils w ith low native 
fertility of the Tropical Pasturas Program target area. 
The research strategy takes into account the soil-plant 
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relationship as an important criteria to define the 
critical nutrient requirements and tolerance to certain 
mineral stresses. The specific objectives of this secti:>n 
are: (1 l .to select germplasm for tolerance to Al and Mn 
toxicity, and low available P in the soil; (2) to determine 
the nutrient requirements of promising germplasm 
during the establishment period; and (3) to identify the 
nutritional status of soils and forage plants in 
representativa regional trial sites of the Tropical 
Pastures Program. 

Attention was focused this year on: (1) germplasm 
selection for tolerance to Al toxicity and low available P 
in the soil; (2) systematic estimation of the nutrient 
requirements of prom1smg grass and legume 
accessions; and (3) evaluation of the soil fertility-plant 
nutrition status in regional trials. 

Tolerance to Al Toxicity and Low 
Available P 

There is clear evidence that most of the acid Oxisols 
and Ultisols of the target area have high Allevels in the 
soil profile that adversely affect the productivity of 
forage species. One of the most striking effects of high 
Al saturation in the soil is a reduction of root 
penetration inhibiting the use of subsoil nutrients and 
moisture. In addition, these soils require a certain 
amount of P fertilizar to counteract their high P fixation 
capacity and satisfy the plant's needs for adequate 
yield. Al toxicity and P deficiency frequently occur 
simultaneously in these soils. lt is difficult to separate 
these two problems because of the tendency of Al to 
react chemically with P. 

When taking into consideration the present high cost 
of P fertilizers and the strong evidence of differential 
responses of forage species in tolerating high Allevels 
and low P levels in the soil, it appears that the selection 
and use of forage species and/ or accessions tolerant 
to both situations must be considerad asan integral 
part of the soi\Jtion to the problems challenging the 
Tropical Pasturas Program. 

A preliminary selection for tolerance to high soif Al 
was carried out for the large nL•mber of forage 
germplasm introduced tothe Program'scollection. The 
technique used was simple and rapid and is based on a 
visual estimation of the stainability of the root system 
of young seedlings and is calibrated with controls of 
known Al tolerance. This method uses a hematoxilian 
solution (0.2%) which has a high affinity for Al and 
permits distinguishing between tolerant and less 
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tolerant plants. All forage accessions were grown in 
three Al treatments (0. 5. and 1 O ppm Al with 0 .5 ppm 
P) in a 1/ 1 O Arnon and Hoagland solution. The 
differentiation of meristem tissues between tolerant 
and sensitive accessions to Al toxicity was readily 
determinad as the concentration of Al in the seedling 
root increased in relation to the reduction in root 
elongation. 

The results showed that genera Stylosanthes and 
Zornia had the largest number of accessions tolerant to 
Al and Centrosema and Macroptilium the largest 
number of sensitiva accessions (Table 35). Although Al 
tolerance varied widely at the genera level, it also 
varied markedly among accessions within genera. 
Since the grass and legume germplasm has been 
previously classified in categories basad on qualitative 
field evaluations in Carimagua, the results from the 
hematoxilin tests were relatad to field performances. 
This relationship is presented in Tabla 36 which 
includes germplasm in categories 11. 111 and IV. The 
comparison between the hematoxilin tests and the 
field results shows a clase relationship. Consequently, 
screening of forage accessions forAl tolerance using 
the hematoxilin test meets the requirements of 
simplicity, quickness, high-volume screening, and 
accuracy. 

Morphological and Physiological 
Effects of Al Toxicity 

Due to the clase relationship between the hematox­
ilin test and field data, a better understanding of the 
morphological and physiological changes that occur in 
the forage legumes from Al toxicity was necessary. 
Accordingly, a study was designed to determine the 
effect of Al on the growth of three Stylosanthes species 
and to identify, through the hematoxilin test, 
ánatomical and morphological changas in roots 
resulting from Al toxicity. The results of this study are 
shown in Figure 20. Al damage to tops and roots of 
these Stylosanthes species varied markedly. In 
general, however, S. capitata and S. guianensis were 
less affected than S. sympodialos, an Al sensitive 
species. A 69% reduction in root length was observad 
for S. sympodialos, while only 13 and 19% reductions 
for S. capitata and S. guianensis, respectively. Dry 
matter of tops and roots decreased in a similar manner. 

From a nutrient standpoint, increasing Al resultad in 
a decreased P, Ca and Mg content in the tissues 



Table 35. Evaluation oí íorage legume germplasm íor aluminum to le rance by the hematoxilin te st. 

No. oí accessio ns 
Genera evaluated 5 2Em 

St ~·losanthes 296 197 

Zornia, 156 112 

Cent r oscma 151 23 

Mac r oetilium 104 19 

Vign a 69 10 

Phascolus 9 1 

Aeschynomene 93 42 

Caloeogon ium 55 o 

Galactia 81 30 

P ueraria 1 

L eucaena o 

Desmodium 2 

Total 1018 436 

(Figures 21 and 22). The P content in S. sympodialos 
decreased significantly in tops as Al concentrations 
increased. Similar results were obtained with the Ca 
content in tops and roots as well as Mg in roots. Al 
levels, however, appeared to have little or no effect on 
the K contents (Figure 22). 

lncreasing Al in the nutrient solution appeared to 
cause the accumulation of P in the roots and restricted 
lts translocation to the tops in all Stylosanthes species 
(Table 37). S. capitata, however, was less affected than 
the other two species. By contrast, the strong reduction 
of total Ca and Mg uptake by increasing Al did not 
appear to affect the translocation of these nutrients to 
the tops. This would indicate that the Ca and Mg 
transport índices cannot be used to identify Al tolerant 
species. The practica\ implication of these results is 
that Ca and Mg deficiencias in the presence of Al in a 
forage crop is a resu\t of the reduced uptake of Ca and 
Mg rather than their translocation to the upper parts. 

Tolerant Sens itive 
Al 10 22m Al 5 2Em Al 10 E:Om Al 

182 99 114 

93 44 63 

1 5 128 136 

1 9 85 85 

10 59 59 

8 8 

32 51 61 

o 55 55 

30 51 51 

o o 

o 1 1 

1 

383 582. 635 

From a morphological standpoint, the elongation of 
the primary root axis of S. sympodialos was inhibited 
soon after the plants were transferred to the Al 
solutions. In addit ion, the root color changed from 
white to brown and lateral roots exhibited a disintegra ­
tion and disorganization of cells. These observations 
were significantly less evident i:1 the othertwo species. 
By longitudinal sectioning of the roots after hematox­
ilin straining, it was possible to differentiate Al 
accumulation zones. In the case of an Al tolerant 
species, such as S. capitata, Al accumulation did not 
cause cell destruction in the outermost cortical region 
of the primary root. In contrast with S. sympodia/os, an 
Al sensitiva species. the red staining hematoxilin 
showed a·flow of Al into the central part of the primary 
root which coincided wíth disintegration of cells. 

In another experiment relatad to the above-men­
tioned ones. forage grass and legume accessions were 
subjected to Al and P stress under field conditions. Th is 
experiment was established in 1977 during the rainy 
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T able 36. Com parative perfo rma nce oí legume germplaam íor tolerance t o high Al saturation and 
p stress under íield conditions and using the bernatoxilin test . 

Relative yield unde r 
Category íield c onditions H T 

1 ematox1 tn test 
Accession oí 86'• Al sat. 5 22m Al 10 22m Al 

Seecie.s CIAT No. Ero mise Z. 6 EEm P 0.5 212m p 

De s modium ova liíolium 350 IV 79 T T 
Zornia lati!olia na IV 8Z T T 
Stylosanthe s capitata 1019 IV 60 T S 
Stvlosanthes ca pi tata 13.15 IV 80 T T 
Pue rar ia phaseoloides 9900 IV 70 T S 
Stvlo santhc s capitata 1318 III 85 T T 
Sl ylo s a nthe s capitata 13Z3 IIl 48 S S 
S tylosanthes ca pi tata 13Z5 III zz S S 
Stylosanthes capitata 134Z ill 16 S S 
Stvlos a nthes capitata 1405 IIl 55 T T 
Sty l.osanthe s capitata 1693 III 
Stylosa nthe s capitata 1 7Z8 ll1 T T 
Sty losanthcs capitata 1943 lli T T 
Zornia latiíolia 91 79 m T T 
Zo rn ia sp. 9220 Ill T T 
Zornia s p. 9245 ll1 T T 
Zorr. ia latiíolia 9258 Ili T T 
Zo rnia sp. 92 60 IIl T T 
Zorn ia sp. 9270 IIl T T 
Zo rnia sp. 9286 lli T T 
Z ornia sp. 9295 Ili T T 
Zorn ia sp. 9648 lll T T 
Aeschyno mene br::uilia na 9681 lli 50 T T 
Aeschyn omene brasiliana 9684 m Z4 S S 
Aesc h;x·n omene histrix 9666 lll 33 S S 
Ae schyno mene histrix 9690 lll 66 T T 
Slylosanthe s ha mata 147 lli 
Dcsm-:>dium heteroph:lllu m 349 lll 2 0 S S 
Desmodium s y roide a 3001 lli 
Zo rn ia sp. 813 II T T 
Zo rn1a sp. 935 ll T T 
Zornia sp. 7041 ll 
7.orn ia sp. 7214 ll T T 
Zo rn ia sp. 7373 ll 
Zo r nia sp. 7376 ll 
Zornia sp. 7377 II 
Zo r nia sp. 7465 II 
Zo rnia sp. 7475 ll 
Zo r nia l;ttiíolia 9151 II 83 T T 
Zorn ia latifolia 91 99 II T T 
Zor nii\ latiio lia 9215 ll T T 
7.o rnia la ti fo l ia 9225 II T T 
Z ornia Latiiolia 9226 ll T T 
Zornia la tifolia 9265 ... i. 48 T T 
7..o rnia lati.fotia 'J2 6 7 H 12 S S 
Zornia La ti.folia 9282 ll 83 T T 
Zo rnia sp. 9284 II 89 T T 
Zornia sp. 929 2. 11 17 S S 
Zorni a sp. 947l II 
Zornia sp. 94.73 Il 
Zc rn ia sp. 9589 - --- ll T T 
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Table 36 (cont. ) 

Relativc yield under ~. 

H T l C ategory field conditions e matox1 m te s t 
Accession of 86% Al sat. S EEm A l 1 O EPm Al 

SEe c- ics CIAT No. eromise 2.6 EEID p 0.5 EPm p 

Zornia sp. 96 00 II 15 S S 
Zornia sp. 9616 li 9 S S 
Zornia s p. 9771 Il 51 T S 
Z o rnia sp. 9896 li 8 S S 
~tosan! hes caeitata 1 007 ll S S 
St:t·Losanthcs capitata 1 191 Il T T 
St y tosant hes caeitata 1Z98 II S S 
Stylosanthcs c:~ eitata 1 31 9 II T T 
Stytos anthcs caeitata 1 321 II S S 
Stdos.:~.nth<:!< caoitata 1 3ZZ Il S S 
St vlos.:~.n t iH~ s caeitata 1324 li S S 
St \'l•.Js:J n i h: s caeitata 1 328 II S S 
St vl o:::. nthl~ S e a ei lata 1332 II T T 
Stvlos:tnthC's caeitata 1333 II S S 
l'tvl osi'lnthcs caeitata 1334 II S S 
Sl;fiosanthcs ca eitata 1 338 ll T T 
Stv l<Jsan lhes caeitata 1339 II S S 
Stylosanthes caeitata 1340 Il S S 
Stvlosanthes caoitata 1 343 II S S 
Stytosanthe s caEitata 1414 li 78 T T 
St ::z:Losanthcs caeitata 1419 II 52 T T 
Stvlosanthes 
~ 

capitata 1441 II 69 T T 
Stylosanthe s ca eitata 1495 II T T 
St::z:tosant hes capitata 1497 li 100 T T 
Stytosa nthes capitata 1499 II T S 
Stylosanlhes c aeitata 1504 II 36 S S 
Stylosanthe s caEitata 1516 ll S S 
St vlosa ntbes caeitata 1 519 ll T T 
Stylosanthe s capitata 1520 II 67 T T 
Sty:losanthes caeitata 1535 II T T 
Stytosanthes caeitata 1642 ll T T 
Stylosanthe s capitata 1686 II T T 
St::z:Losanthc s caeitata 1781 ll T T 
St::z:losanth e s capitata 1899 ll 65 T T 
Stylos a nthe s brac teata 1906 II S S 
Stvlosanthes b rac teata 1281 n 83 T T 
Stytosanthe s bracteata 1582 ll 57 T T 
Stylo santhe s bracteata 1643 11 zo S S 
Stvtosanthe s hu milis 1 22~ II 37 
Stylosa nthes humilis 1 303 II l Z S S 
Cent r o s ema spp. 5062 II S S 
Centro serna spp. 5064 II T T 
Centrosema spp. 5065 ll T T 
Centrose ma spp. 5066 ll S S 
Cent r o s e ma spp. 5126 ll S S 
Centrosema spp. 5127 ll T T 
Centr osema spp. 5189 II S S 
Vigna adenantha 4016 II 51 T T 
Stylosanthe s ~uianeneis 1 36 RT T T 
Stylosanthc s guianensis -1 84 RT 90 T T 
Stylosanthe s ca2itat a 1 078 RT 79 T T 

53 



Table 36 (cont.) 

Speciea 

Stylo sa nlhes c aoitata 
Mac roptilium sp. 
Centrosema hybrid 
Leucaena leucocephala 

Medi<::ago sativa 

Acceaaion 
CIAT No. 

1097 
535 
43.8 
734 

AUaUa 

T = tolerant; S = auaceptible . 

o S . capitata 
e S . guianensis 

o A S . sympodiales 
ll. 

' E? 
'O 
"i 
'> 
~ :: 
"' E 
~ 
'O 

o o 
a: 

o 
Al(ppm) 

Category 
o! 

promiae 

RT 
RT 
RT 

Negative 
control 
Negative 
control 

10 

Figure 20. Effect of Al on root and top dry matter productton of 
three Stylosanthes species grown in nutrient solutions. 
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Rela.tive yield under 
field conditiona Hematoxilin teat

1 

86'fo Al sat. 
Z.. 6 ppm P 

S ppm Al 10 ppm Al 

~ ... 
ll. 
o .. 
. E 
¡: 
= .. 
e 
o 
u 
~ 

~ 
... .. 
o 
~ 
.E 
¡: 
= ... 
e 
o 
u 
~ 

55 
30 

o 

0 .1 

0 .1 

0 .05 

o 

S 
T 
S 

S 

O. S ppm P 

O S . capitata 1019 

e S . guianensis 136 

6. S . sympodiales1 044 

Al(ppm) 

S 
S 
S 

S 

10.0 

Figure 2 1. Effect of Al on the P content in tops and roots of three 
Sty/osanthes species grown in nutrient solut ions. 

1 
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Tops 
1 . 

4 0 .4 -. 

3 0 .3 

111 
(.) 

!111:: ';/!. 
';/. 

0 .1 

o 

Roots. e S. guisnensis 136 

4 O S. cspitsta 1 019 0 .4 

A S. sympodisles 1 044 

o~~~~~----~ 
2.5 6 .0 10.0 

o~~~~~--~~-2 .6 6 .0 10.0 

AI(Jtpm) 

Figure 22. Effect of Al on the content of K, Ca. and Mg in roots and tops of three Stylossnthes species grown in nutrient solutions. 

season in Carimagua with four lime levels (to provide 
90, 85, 75 and less than 20% Al saturation) and four P 
levels (to provide 1.5, 3, 9 and 30 ppm available in soil 
P-Bray 11). Ume levels applied were O, 0.5, 1.0 and 5 
t/haandthePrateswere0,17, t17and277kg P/ ha. 
8oth lime and P (as triple superphosphate, TSP) were 
broadcast and incorporated to a 20 cm depth. 

The relativa yield seems to be the most useful 
criterion for comparing the tolerance of different 
forage species and/ or accessions to Al or P stress. 
Thus, survival of a plant under Al and/ or P stress was 
defined as having a dry matter production level not 
exceeding 50% of its maximum yield. On the other 
lland, a producing plant under Al or P stress was 
defined as having the relativa yield between 50 and 
80% of its maximum. The upper limit was fixed at 80% 

due to the inflection point observad in many forage 
ecotypes. A relativa yield of over 80% was considerad 
excellent. 

The performance of eight tropical grasses is il­
lustrated in Figure 23. When no lime and no P were 
applied (93% Al saturation and t. 7 ppm P) all grasses 
showed marked differences under both P and Al stress. 
Brschisria. humidicols 682 and Andropogon gsysnus 
621 produced more than 50% of their maximum yield 
while the rest of the grasses had 40% or less of their 
maximum yields. The 93% Al saturation histogram 
shows the ranking of the grasses illustrating wide 
differences to Al and P stresses between them. As the 
P level was increased, with Al saturation kept constant. 
all grasses increased their relativa yields. 
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Table 37. Effects oí A l on the uptake and trar.slocation of P, Ca , Mg and K by three St".losanthes species 
g rown in nutrient solution. 

Stvlosanthe s caEilata Slylo santhes suianensis Stvlosanthes s vmEod ialcs 
Uptake Transport Uptake Trans port Uptake Transport 

Al treatme nt (mg/g dry wt . ) indexl (mg/ g dry wt. ) index (mg/ g dry wt.) index 
[ppm) Tops Roots Total (%) Tops Roots Total (%) T ops Roots Total (o;'o ) 

Phosphorus 

o. o 1. 2 1.3 2.5 48 l. O l . 4 2.4 42 0. 9 1. 2 2. 1 43 
2. ~ o. 8 1.5 Z.3 35 0.7 1.6 2 . 3 30 o. 7 2.1 2.8 25 
5. 0 o.s 1.5 2 . 3 35 o. 7 2.0 2 . 7 26 0.7 2.6 3. 3 21 

1 o. o 0.8 l. 7 2.5 32 o. 7 z.z 2 . 9 24 o. 6 2.9 3. 5 17 

Calcium 

o. o 9. 9 3.4 1 3. 3 74 11. 8 3 . o 14.8 80 1 2. 7 1.7 14.4 88 
2 . 5 8.3 2 . 6 1 o. 9 76 8. 9 2. 3 11. 2 79 7.6 1.6 9 . 2 83 
5.0 6 .8 2. 3 9.1 75 6 . 7 1.8 8.5 79 7 . o 1.4 8 . 4 83 

10 . 0 6. o 1.4 7.4 81 5 .5 1.2 6 .7 82 5.7 1.5 7 . 2 89 

Magnesium 

o. o 2.3 3. o 5. 3 43 2. 3 4 . 2 6.5 35 2.6 3 . 7 6.3 41 
2 .5 2.0 2. 3 4.3 47 2.2 2. 7 4.9 45 2 . 7 1.3 4.0 68 
s.o 2.2 1.7 3. 9 56 2.2 1.3 3.5 63 2.7 1.2 3. 9 69 

1 o. o 2. Z l. 3 3. 5 63 2.2 0.9 3.1 71 2. 5 o. 7 3.2 78 

P o tassium 

o. o 18. 3 20.2 38.5 4 8 18. o 29. 5 47. 5 38 21.8 22 .1 43 . 9 50 
2 . 5 15.9 22.0 37.9 42 15. 2 30.8 46 . 0 33 23 . 2 22.6 45.8 51 
5. 0 1 s. 8 22.2 38. o 42 16 .4 26 . 0 4 2 . 0 39 25. 7 21. o 46. 7 55 

1 o. o 16.7 25.0 41. '7 40 11.6 28.5 46. 1 38 22. . 5 18. 9 41.4 54 

l Transport index = (t op mineral uptake/ total mineral uptake) x 100. 

With the addition of0.5 and 1.0t lime/ ha mostofthe 
species showed an increase in dry matter production. 
This indicates that the response of grasses tolerant to 
Al is mainly relatad to Ca and Mg requirements rather 
than to the effect of liming. When Al toxicity was 
eliminated by applying 5 t lime/ ha all grasses showed 
more than 50% of their relativa yields at the two lowest 
P levels. However, when P was increased most of the 
grasses showed a sharp yield decrease which is 
probably relatad to some nutritional imbalance due to 
the high lime and P applications. 

Results with forage legumes are given in Figure 24. 
Although there were marked variations between 
s_pecies in response to the P and lime applications, in 

56 

general the results were similar to those obtained for 
,grasses. 

Nutritional Requirements of Grass 
and Legume Forages 

The research strategy developed by the Soii/ Piant 
Nutrition Section for determining the mineral re· 
quirements of promising forage species has taken into 
account: (1) the need for standardized analytical 
methods for acid soils and plant tissues; (2) the 
description of visual foliar symptoms caused by 
mineral disorders; and (3) the determination of 
responses of promising forage species to a given 
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Figure 24. Differential response of 11 forage legur.·.e.s at different P levels and under 92, 86, 77, and 27% Al 
saturation (0, 0 .5, 1, and 5 t l ime applied/ ha) under f ield conditions at Carimagua. 1 • Stylosanthes capitattJ 
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Figure 25. Effect of varying rates of nitrogen (applied as urea) on yield of three forage grasses 
compared to their mixtures with three legumes (l 1 • Stylosanthes guianensis 136, l 2 ~s. guianensis 
184, and L 3 .. Centrosema hybrid 438) under field conditions at CIAT-Ouil ichao. 

nutrient and its effect on the mineral composition of 
the plant. 

Standardized analytical methods for acid 
soits and plant tissues 

Ouring 1979, a considerable effort was devoted to 
preparing a handbook describing analytical methods 
and procedures for running soil and plant analyses in 
the acid infertile soils of the Tropical Pa'stures Program 
target area. Since soils from other countries cannot be 
brought into Colombia it is essential that standardized 
methods and Orocedures be used by collaborating 
laboratories. To date six national laboratories have 
been identified, located near the regional trials sitas. 
Soil and plant sampres have been distributed to these 
laboratories to verify uniformity of results from the 
proposed methods and procedures. 

Visual foliar symptoms of mineral disorders 

A series of greenhouse experiments was conducted 
to develop mineral deficiency and toxicity symptoms. 
The study included N, P, K, Ca, Mg and S deficiencias 
among the micronutrients group, and Al and Mn 
toxicities. Photographs of these deficiencias and 
toxicities were taken on the various grass and legume 

forage accessions; these, along with a detailed 
description will be incorporated into a handbook for 
practica\ use by researchers involved in forage 
evaluation in regional tr ials. 

Fertilizar requirements during pasture 
establishment 

Attention was focused on estimating fertilizar re­
quirements during the establishment stage of promis­
ing forage species. Results reportad here are for N, P, 
K, and S fertilization in soils from CIAT-Quilichao and 
Carimagua. 

N requirements of forage grasses 

Although N fertilization of forage grasses is not 
considerad feasible for the target area, it is important to 
have an understanding of the N demand of promising 
forage grasses. In any given pasture situation it is 
assumed 'that the N will be supplied by the legume in 
the mixtures. Figure 25 shows the response of three 
forage grasses (Panicum maximum, Andropogon 
gayanus 621 and Brachiaria decumbens 606) to N 
fertilization at CIAT -Quilichao during the second year 
of evaluation compared to their mixtures with three 
forage legumes (Stylosanthes guianensis 136 and 184 
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and Centrosema pubescens hybrid 438). All three 
grasses showed a positiva response to N. although A. 
gayanus 621 showed a significant response only up to 
200 kg N/ ha / year; P. maximum and 8. decumbens 
606 showed linear responses up to400kg N/ ha/ year. 
On the other hand. it was observad that A. gsyanus 
621 also had a much higher yield potential than the 
other two grasses át all N rates; in this regard. it is 
interesting to note that the percentage recovery of the 
applied N was m1.,1ch lower for A. gayanus (Table 3~H . 
However. because ot the higher yie1d potential. A. 
gayanus still provéd to be a more efficient user ofthe N 
applied. 

In this same study the N:S ratios of the three grasses 
was also considerad. lt is generally assumed that a 
critica! S level of 0.1% is required for tropical forage 
grasses. This apparently is not the case wíth A. 
gayanus, however. as in almost every instance the S 
content in the tissue was below the considerad 
mínimum (Figure 26). These results suggest that the 
critica! S requirement for A. gayanus 621 is less than 
that required by P. maximum and 8 . decumbens 606, 
however. it must be kept in mind that the S content in 

the t issue of A. gayanus probably does not satisfythe s 
requirement of the animal. 

Positiva responses to N fertilization of the grasses 
were also observad in Carimagua (Figure 27). A. 
gayanus 621 . 8. decumbens 606 and M. minutiflora 
gave significant responses from 75 to 225 kg N/ ha 
during the 1979 rainy season. However. the efficiency 
of N utilization is expected to be better in A. gayanus 
621 than in 8 . decumbens 606 based on the percent N 
recovery observad at CIAT-Quilichao. Further studies 
are being carried out to confirm this. 

P and K requirements of forage grasses 

Calibration of soil P tests. To dat~ severa! different 
extractants have been used to determine available soil 
P. lt was necessary to compare these tests to see how 
well they correlated with one another. 

Accordingly, tour different methods were evaluated 
for available Pina Carimagua Oxisol. Regression and 
correlation analysis between percentage yield of P. 
maximum and P extractad by the tour methods (Bray l. 

Table 38 . Plant nitrogen content, p r otein e q uivalent, nitrogen uptake, and nitrogen recovery íor 
three íorage grasses under a cutting re gime at CIA T -Quilichao. 

N N N 
Grass applied N Prct e in upt;:¡,ke 1 

recove r y 
species (kg N/ha/yea.r) (o/o) (o/o) (kg N/ haÍye ar) ("io) 

Andr o2ogo n gayanus 6 21 o l. 27 7. 94 197 
50 l. 24 7.75 188 o 

1 00 l. 31 8. 1 9 218 21 
200 l. 32 8 .25 22 6 15 
400 l. 48 9 . 25 2.48 13 

Panicum n-.aximum o l. 29 8 . 0ó 84 
50 1 _. 30 8 .13 94 2 0 

100 1 ~38 8.63 132 48 
200 l. 5 3 9.56 178 47 
400 l. 90 11.87 2 34 38 

Brachia.r ia decumbens 606 o l. Oó 6.62 83 
50 l. 1 z 7 .00 94 20 

100 l. 16 7 .25 113 30 
200 l. 38 8.62 193 55 
400 l. 78 11. 12 269 46 

o/o N = N u2take at a 2Elied rate - N u Eta ke without a dded N x 1 00 r ecovery 
N rate 
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Figure 26. Relationship between S and N content in the t issue of 
three grass species at CIAT-Quilichao. 
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F1gure 27. Response of three tropica l grasses to nitrogen 
fertilization under f ie ld condit ions in the Carimagua Q)(isol. (Su m of 
four cuts during rainy season.) 

Bray 11, North Carolina 1 :4 soil-extractant ratio, and 
North Carolina 1 :1 O soil-extractant ratio) showed that 
the amounts of P extractad were in direct relation to the 
amount of Pfertilizer applied (Figure 28). However, the 
amount of P extractad by Bray 1, Bray 11 and the modified 
North Carolina method (1 :1 O ratio) were much higher 
and with a wider range in available P than the 
tradit ional North Carolina method (1 :4 ratio). Correla­
tion coefficients relating P extractad by the four 
methods to P. maximum yields are shown in Table 39. 
Although the methods are well correlated, the Bray 11 
extractant gave the best correlation with percentage 
yield (r = 0.90) but with no significant ditferences 
compared with Bray 1 and North Carolina 1:10 
methods. A low correlation coefficient (r= 0.66) for 
North Carolina 1 :4 methods vs. percentage yield was 
found. The results of this study have shown that the 
Bray 11 method as well as the Bray 1 and the modified 
double acid North Carol ina methods provide good 
índices of P available to plants in the Carimagua Oxisol. 

Effects of P sources on forage grasses. A long-term 
field experiment with A. gayanus 621 and P. maximum 
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Figure 28. Soil avai lable P in the Car imagua Oxisol. determinad by extractant solutions Bray 1, Bray 11. 
North Carolina (NC) 1:1 O soil extractant ratio, and NC 1 :4 soil extractant ratio. 

Table 39 . Simple c orr e lation coef!\cients (r } r e l ating four soil te s ts for a vailable P and yield oí 
P a n icum maximum fo r the Car imagua Oxi s ol. 

Soi l test Extracta nt Bra y Bray II NC-1 :10 NC - 1 : 4 Yi\! td 

Bray 0.03N NH4 F + o. oz 5~ HC l l. 00 0. 87** 

Br a y II o. 03.!:::! N H4F + 0 . 1~ HC l 0 .99** l. 00 0 . 9 0* * 

NC - 1 :1 O O. 02 5~ H2so4 + O. OS~HCl 0 . 98 ** 0. 98* * l. 0 0 0. 8 5** 

NC - 1:4 O. 025~ H2S04 + o. os~ HCl 0 . 97** 0 . 9 7** 0 . 96** l. 0 0 0. 66* 

* Probabi l ity at the 0.05 leve l . 

** Probability a t the o. 01 leve l. 
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was established early in 1978 at CIAT -Quilichao to 
evaluate the effects of cheaper P sources and the 
differential P requirements of forage grasses in order 
to decrease the cost of fertilizar applications. Three 
phosphate rocks (Pesca, Gafsa, and Huila) and triple 
superphosphate (TSP) were broadcast applied at rates 
from O to 1600 kg P205/ ha, incorporated into the 

, topsoi l. To date the results have shown no significant 
differences between P sources so only the TSP results 
will be given. 

Figure 29 shows yields of the two forage grasses. A. 
gayanus 621 showed a significant response only atthe 
800 kg P205/ ha rate compared with the check plot. lt 
must be kept in m ind. however. that control yields were 
verv high. A significant increase in yield of P. maximum 
was obtained with only 60 kg P20 5/ ha; a linear 
response continued reaching a peak up to 100 kg 
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F1gure 29. Effect of phosphor us fertílízat1on on the dry matter y1eld 
o f two tropical grasses g rown at CIAT· Ou ilichao. 
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F1gure 30. Effects of P fe rtilizat1on on t he P. N. K and S uptake by two trop1cal grasses. 
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Figure 31. Etfects of phosphorus and potassium on dry matter 
production of Andropogon gayanus and Brach iar ia decumbens 
grown in an Oxisol from Carimagua. (Sum ofthe twofirst cuts. 1979) 

P20 5/ ha after w hich it leveled off. The results suggest 
that A. gayanus 621 has a lower P requirement for high 
yields than P. maximum. Figure 30 illustrates the effect 
of P fertilization on P. N. K and S uptake by the two 
grasses. 

P x K fertilizat ion . A . gayanus 621 and B. 
decumbens 606 are also being evaluated for P and K 
responses in Carimagua. After two cutting periods, 
both grasses showed a r'esponse to P at the 50 kg 
P205/ ha nne but no response to K (Figure 31 ). After 
the second cut, K fertilization was increased to 20 and 
50 kg K20 / ha, respectively. Figure 32 i llustrates the 
results of the third cut showing a significant interac­
t ion with K and P. With very low K application rates A. 
gayanus 621 did not respond to P applications; 
however, when K was applied at the rate of 20 kg 
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Figure 32. Effects of phosphorus and potassium on dry matter 
product1on of Andropogon ga yanus and Brachiaria decumbens 
grown in an Oxisol from Carimagua. (Third cut during the rainy 
season. l 979 .) 

K20/ ha it showed a large response to P up to 100 kg 
P20s/ ha. With the addition of 50 kg K20/ ha, dry 
matter yield was increased. B. decumbens showed a 
similar type of response to K application, it was only 
' responsiva up to a level of 50 kg P2<)5/ ha. These 
preliminary results suggest that, in order to determine 
the critica! percentage of a nutrient, other nutrients 
must not be limiting. 

S fertilization o f fo rage legumes 

A greenhouse experiment was conducted in CIAT­
Quil ichao and Carimagua soils to determine the effects 
of S on the yield of Zornia latifolia 728, Stylosanthes 
capitata 1019, and Desmodium ovalifolium 350. 
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Figure 33. Relativa y ields of three tropical forage legumes grown 
under greenhouse conditions in soils from CIAT-Quilichao and 
Carimagua in response to fertilization w ith sulphur. 

Table 40. Su lphur contt:nts and !orms in the top 
l ayer (0 - 20 cm) oí s~i_ls from CIAT­
Quil ic h a o and Ca r i magua. 

S contents (pom) 
S for ms CIA T - Quillchao Cari rr.a!!L:~ 

T otal S 101 3 420 

Organic S 6 33 231 

lnorgan ic S 380 1 89 

1 0 

Relative dry matter yields are shown for both soils in 
Figure 33. There was no response to S application in 
the CIAT-.quilichao soil, but all three legumes gave 
significantly higher relative yields in the Carimagua 
soil. S. capitata 1019 and Z. latifolia 728 showed a 
linear response to S applications and then atta ined 
maximum yields at the rate of 15 kg S/ ha. D. 
ovalifolium 350 also showed a posit ive response to S 
with maximum yields at 20 kg S/ ha. Dry matter yields 
were depressed at the highest S treatment w hich is 
probably due to a nutritional imbalance between N and 
S. 

The lack of response to S appl ication at CIAT­
Ouil ichao m ay be expla ined by the fact that the native S 
supply is considerably higher due to the high organic 
matter content in the topsoil. Table 40 shows the S 
contents and forms in the top Jayer of both soils. 

PASTURE DEVELOPMENT IN THE HYPERTHERMIC 

SAVANNAS (CARIMAGUA) 

The objectives of the Pasture Development section in 
Carimagua continua to be the development of 
simplified, Jow-cost establishment methods and 
efficient maintenance practices. New trials were 
initiated during the year and long term trials were 
continued. 

Severa! new legume/ grass associations were 
establ ished. lt is recommended that the grass and 
legume be seeded simultaneously and in rows spaced 
0.50-1.00 m using a 1:1 or 2 :2Jegume/ grass planting 

pattern. Row planting combined w ith band fertilizat ion 
favors the establ ishment of a vigorous population of 
seedlings w ith mínimum fertilizer and both species 
have suffi9ient time and space to become we ll 
established with minimum weed competition. The 1:1 
planting pattern may present a problem w ith bunch 
type grasses as the grazing animal moves between the 
grass rows.tramplingthe legume plantad in that space. 

The importance of f irming the seed bed in the row at 
the time of planting was reconfirmed in a seed 
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