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Crop Response

to Liming of

Ulusols and Oxisols*

Edited by D. . Lathwellt

ABSTRACT

Expetiments were casried sut on representative Ulisols and Oxisols of
Pucrto Rico, Bravil, Ghana, and Peru to define the hme requircment ot
these soils tor optimum production of several food crops. These soils
generally have a ln\\‘ cation exchange capacity. Since the soils are acid, the
exthangz- complex is donmmated by exchangeable Al Crop respouse to
fime s been common in these soils. vesponse to lime is attributed to
nediralizaunn of exchangeable Aland i some instances to elimination of
Mn toxian. The exchangeable Al content of these sails providesa reliable
measure of ther lime requirement. .4 few wdd soils have a low cation
exchange capacity ad a low content of exchangeable Al Their lime
requirement is relatively low. On some soils, lime additions may enhance
the availabiliny ol soil phospharus. Weathering of minerals such as Al-
chlorite and mineralization of orpanic matter provide sources of ex-
changeable Alin certain soils and increase their lime requirement.

* Pl staes was supported i part by the United Sites Agency for lntemmational Dewlop-
ment under seseanch coniraas with North Carobina State *niversits, «ul-280€ 3nd ta<c-
1236, and with Cornell Universiey, os-2490, tac- 1704, and ta-c- 1441

tProfessor, Agronomy Department, New York Seate Coliege of Agriculture and Life Sci-
emes, Cornell Universaty, Tthaca, N.Y. 14853, Prepared while a \'iuting Professor of Soil
Science at Nowth Carohna State University, Raleigh, N.C.



SUMMARY AND RECOMMENDATIONS

The Tlisols and Oxisols upon which the liming studics reported here
have been made have a wide range of properties. Generally. they are
highlv weathcered, and the crvstalline clay fraction is dominated by kaoli-
nite and/or gibbsite, with only minor amourits of the more active 2:1 clays
such as Al chlorite. Most, *f not all of them, contain substamial quantities
of amorphous materials rich in Fe and Al

The exchange comgiex of most of the soils we have utudied is domi-
nated by exchangeable Al which varied from as littde as 0.5 me 1o as much
as 10 me/ 100 gm soil. Al saturation ranged from about 60 to 90 percemt.
A few of the soils are low in exchangeable Al even though they are acid.
Consequently. the effective CEC of these soils ranges from less than | me
to 150r more mie/ 100 gmyol soil. A substzinial portion have effective CEC
of less than 5 me/100 gm. and most of them have a great deal of pH-
dependent charg:..

On the Ultisols of Ghana, which have a low effective CEC and little
exchaingeable Al response 10 liming has been modest. The influence of
lime on phosphorus availability in these soils, however. is not clear, and it
is possible that for short periods of time only one or the other need be
used. Lime rates on these soils shou'd be onlv enough to provide sufficient
Caand to neutralize the acid resicues caused by addiag nitrogen ferniliz-
ers. On these soils, rates of 1 to 210ns/ha are more than adequate 1o meet
the Ca demands and probabiy are sufficient to neutralize residual avidity
of any fertilizer nitrogen that ‘nay be anplied.

n Puerto Rice soil and crop responses 1o lime have been vasiable.
Normally, the Oxisois arr: less responsive to lime than are the Ultisols at a
comparable soil pH and percentage of Al satur.tion. Coflze, sweet
potatoes. and stargrass are tolerant to exchangeable Al or Alin solution.
Mosi other crops are sensitive to Al and the exchangeable Al must be
reduced to low values for optimum production. The Ultisols of Puento
Rico contain large amounts of exchangeable Al and still contain reserve Al
in the form of Alchlorite, for example. To reduce exchangable Al to
levels that do not interfere with crop growth, it is recominended that
about 2 tons of lime./ha be applicd per me of exchangeable Al Thus,
these siils have a high lime requirement — in many instances several tons
per hectare. Where high rates of fentilizer nitrogen are used, the lime
requirement is increas- 4 even further.

The soils of the Cerrado region of Brazil, and i0 a lesser extent shose of
the Yurimagua- area of Peru, appear 10 be more highly weathered than
their counterp: 1s in Pusrto Rum, as evidenced by their effective CEC.
The soils examined all hau) an effective CEC of less than 4 10 5 me/ 10 gm
of s0il, and most of them were less than 2 me/ 100 gm of scil. T'se large
response to liming observed on these soils generally has been autrsbuted to
removal of exchangeable Al or Al {rom the soil soluiion, although direct
response to Ca additior cannot be precluded. On the basis oY ihe results (o

date for the Cerrado soils, liming recommencd'ations have been developed
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according to the following formulation:

tlime/ha = {2x ¢xchangeable Al) + [2 ~ me (Ca + Mg)).
Thus, for a soil containing 1 me of Al and 1 e Ca + Mg/ 100 gm soil, 3
1/ha of lime would be recommended. This formulation probably applies
only to those soils with an 2ffective CEC of less than 5 me/ 100 gm. It has
been used successfully in the Cerrado region of Brazil.

Work still remains to be done in defining the range of soil conditicns
under which crops respond to additions of lime. On those acid soils where
exchangeable Ar:ioména(m the exchange complex, the amount of ex-
changeable Al provides a reliable measure of the lime requi.rement.
Procedures remain to be developed to provide an accurate estimate of the
lime requirement of acid soils that have a low effective CEC and little
exchangeable Al. The role of Mn in the deleterious effects of acid soils on
plant growth needs to be clarified. Weathering of minerals such as Al-
chlorite and mineralization of organic matters, which provide sources »f
exchangeable Al, may have important consequences in developing long-
term liming programs. The factors that influence leaching of Ca in the
profile need to Ue :haracterized and incorporated into the liming re-
quirements before liming programs can be completely described. The
continued development of the species and varieties of food crops tokerant
to high concentrations of Alin the soil will likewise minimize the need for
lime additions to acid Uhisols and Oxisok.

INTRODUCTION

The Uhisols and Oxisols of the humid tropics are usually acid. Liming
of acid soils is generally acczpted as necessary for improving crop produc-
tion. This report suminarizes the results of field experiments made in
Puerto Rico, Brazil, Peru, and Ghana 1o measure crop response to liming
of acid Ultisols and Oxisols. The specific olg'eaives of these experiments
were to determine crop response to rate and depth of liming, to evaluate
residual effects of liming, and to relate soil properties to 'ime require-
ments and crop response. The goal of this field research and supporting
study of soil properties is to make liming recommendations that fit the
specific soils and cropping situation of individual farmers.

Several recent reviews on soil acidity and liming of humid tropical soils
are available, incluriing Kamprath, 1967; Kamprath, 1972a; Kamprath,
1972b; and Pearson, 1975. When appropriate, r:ference will be made to
the pertinent literaivre. -
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CROP RESPONSE TO LIMING

Puerto Rico experiments

Lime rute experiments. Experiments were established on three Ulii~ols
and two Oxisols to study the influence of liming on yiel: of sevcral
important crops. The details of these experiments have been described by
Abruis et al., 1974b, 1975. The Ultisols were the Los Guineos clay,
Corozal <fay, and Cialitos clay; the Oxisols were the Bayamon loamy sand
and Cralina clay. A small amount of lime (0.45 t/ha) was applied to a plot
of each soil to measure crop response ta calciem addition. This low rate of
CaCO,4 was insufficiens to substantially alter the degree of ba: - saturation,
except possitly an tlic 2ayamon loamy sand. Also, varying amounts of
limestone werc zpplied 1o plots of each soil type (tables 1 and 2). These
amounts were based on an estimai~ of the litne requirement of the soils
and .pplied with the goal of achi :ving soil pH values ranging from less
thar 7.0 to more than 6.5. All of the limestone treatments were applied
br . re the firs crop was planted, and a series of successive crops was
grown withr ot further additions of lime.

Table 1. Some chemical properties of lime-treated Puerto Rico Oxisols —
Bayamon loamy sand and Catakna clay. (Samples taken 6 inonths afier lime

appeation)
Soud Lars Sample Soud pH  Exchangeshe Al
rate depth calions saturaion
Ca~Mg Al
t/ha m e/ 100 gm %
Bayamon 0.00 0-~15% 5.1 0.7 0.1 13
loamy sand 15-30 5.1 0.6 0.2 25
0.45 0-15 5.5 0.9 0.2 18
15-30 50 0.8 0.2 20
0.76 0-15 5.4 0.9 0 0
15-%0 AN | 0.8 0.2 20
1.05 0-15% 5.5 1.0 0 0
15-3%0 52 0.9 0.1 10
192 0-15 6.0 1.2 o 0
1£-30 55 1.0 (] 0
Catalina 0.00 0-15 5.0 5.6 0 0
clay 15-% 5.1 53 U] 0
0.43 0-15 5.1 5.9 0 0
15 80 5.1 52 0 /]
4.72 0-15 5.4 7.0 0 0
15-% 52 5.4 0 0
1.% 0-15% 5.4 7.4 (1] (]
15-%0 5.2 54 ] 0
12.83 0-18 6.2 10.9 V] 0
15-%0 53 6.5 0 0


http:possit.ly

Mg. Because the cation exchange capacity of the Bayamon soil was ex.

quantities of exchangeable bases increased only slightly. The Catalina
clay, an the other hand, contained sizable quantities of rv~hangeable
bases even without liming, and these increased siguificantly upon liming

Table 2. Some chemical propertics of ime-treated Puerto Rico Ultisols ~ Les
Cuineos clay, Corosal cfay, Ciabiros clay. (Ca1aples taken 6 months after lime

applicaiion)

Sold Lime Sampls SeApH  Exchangrable Al

rate depeh cadom;s sclurchon
—_—
Ca+Mg Al

t/ha cm nr/100 gm %

Lot Guineos  0.00 #-15 4.6 5.7 28 3

clay 15-30 4.7 49 2.7 36

0.45 0-15 1.6 53 2.8 35

15-30 4.7 55 26 32

565 0-15 48 6.7 1.8 21

15-30 49 52 2.1 29

8.78 0-313 5.4 8.4 0.2 2

15-% 52 74 0.5 6

13.77 0-15 54 93 0 0

15-30 50 82 0s 3

Corozal 0.00 0-13 4.7 i23 4.1 25

clay 15~-3%0 45 95 R 55

0.45 0-15 4.7 13.4 23 15

15-30 44 9.1 8.4 48

1.22 0-15 4.9 150 L7 10

15-30 4.5 9.1 12.4 58

4.52 0-15 4.9 18.6 0.9 5

15-30 4.4 99 129 47

9.8 0-15 55 20.5 0.3 1

15-30 4.6 13.2 89 41

Cialitos C.00 0-15 43 7.3 4.1 36

clay 15-30 43 - 58 6.6 55

. 0.48 0-15 45 7.6 31 29

15-30 4.4 6.1 4.3 41

327 0-15 4.7 98 1.6 14

15-30 45 é8 44 39

545 0-15 4.9 120 0.9 7

15-30 4.4 6.} 4.7 4“4

8.78 Cc-15 53 14.8 0 0

15-3%0 45 6.7 4.6 41



because of the higher caton exchange mrm v and greater lime require-
ment. Although the pH of the Catalina did not reach 7, it reached 4 pH
above 6 after lime was added.

In the Ultisols, kowever, both the exchangeable Ca - Mg anid the
exchangeable Al were high. As the rates of liming increased, exchange-
able Aland percentage of Alsaturation dechined. Soll pH values increased
onlv slightly, but thev declined to nearly the original values by %2 later
sampling dates.

A response to liming was found on all soils mdluded m the experiments
(table 3). Wirh the Bavamon loamv sand, the response (except for snap-
beans) to the 0.45-t7ha application was abcut as great as to any of the
higher rates. Such a response was not unexpected because this soil has a
coarse texture and a low catior retenuon capacity. Likewise, the hirst two
crops on the Catalina responded favorably to the 0.45-1/ha ime applica-

Table 3. Yicld response to ime ot 2 sequence of crops Krov s on sevedal Ultisols
and Oxasols of Puero Rico (Yield is of marketable producty

Treatment Yeold
Sod Lime Masze Snap Marw Nueet Snbeun  Plantain
rele beans potato
tha tilograszs per hectare
Bavamon 0 1.210 280 1325 1620 Lilo
loamy sand  10.45 2,745 73 1910 5235 2,305
(Oxssol) 0.76 2,755 B50  ).59% £330 1785
1.0% 2910 1ol 19%5 5430 1,960
1.92 2070 1.670 1570 5.9:0 2320
Catabina 1] 2,745 6,945 4,435
da .45 3,900 K260 4200
(Oxisol) 4.92 4.395 10640 4.90%
7.31 4.145 6,160 5070
12.88 3.580 9,185 4825
Los G- 0 11.7%0 6,745 12,185 1,995 311,825
neos clay 045 10,530  6.764 11,950 1,750 33,700
(Llusol) 565 14.245 7.705 11,200 2,285 248,155
475 14,345 9.4j0 13.9i% 233 32,925
13.7% 15,780 9,450 14,820 2,495 31.670
Coroual 0 5.100 4010 13,125
clay 0.45 8.165 3.3 14.135
(Uhusal) 1.22 8,510 4.85% 13.350
4.52 8805 5075 13,955
981 9410 5995 13,595
Caalits 0 7.020 5.040
clay 0.45 #8135 4750
117%isol) 8.27 9,745 549
545 10,650 5,520
8.78 10,000 5,840

P e —



tion. Abrunaetal. ( 1975) have shown that the Oxisols of Puerto Rico, even
when extremely adid, contain litle exchangeable 4® *" wwever, they often
do contain rather high contents o. *xchangeable and easily reducible Mn
Thus, it seems that both enhanced Ca supply and reduced Mn availability
tontribuie to improved yields when these soils are limed.

With the three Ulisols, relevively linle response was found to the
0.45-t/ha rate of lime, except for th snapbeans (which were tae first
crop) on the Corozal and Cialites clays. With subsequemt crops, bowever,
the 0.45 «/ha had litle effect on vield. In general, the greatest increase in
viekd was obtained with the first rave of lime above the constam 0.43-1/ha
rate, although with several cvops the highest yield was obtained at the
higher rates of lime. On these soils, response to lime increased as the
percentage of Al saturation declined. Maximum response o lime was
obtained when the Al saturation fell below about 20 percent. Since
adequate Ca and Mg were presentin these soils, neutralization of extrac.-
able Al was essential for optimum growth (Abruiia et al,, 1974a, 1975;
Perer-Escolar, 1977).

Response to lime tended to decline with successive crops in these soils,
perhaps because of a gradual increase in percentage of Al sawration.
Sweet potatoes were somewhat less responsive to lime than some of the
»ler crops. Plantains grown on the Los Guinzos clay did not respond to
lime.

Depth of lime experiment. An experiment was established on a Humatas
clay (Fypic Palchumults) 1o neasure the influence of depth of liming
an crop response. ‘The treatments included liming the 0-20-cm laver,
the 0~ 40-cm layer, and the 0- 60-cm layer, along with a control. In these
treate..ts, irrespective of the depth of liming, the soil was disturbed to a
depth of 60 cm 10 minimize Loil disturbance as a factor in crop growth.
Lime in the torm of Ca(OH), was applizd at the rate of 3 me Ca for each
me of Al found in he soil. The total quantities of lime applied and
chemival data on samples taken after the first and fifth crops are givenin
table 4. Four consecutive crops of maize were grown on the experiment
and grain vields measured on all except the second crop, where the
above-ground drv matter was harvested (table 3). The maize crops were
fcllowed by two sovhean crops, making a total of six (table 3). No addi-
tional lime was applied after the initial application, which was made
before planting the first maize crop. Response to lime continued
throughout the experiment on both the maize and soyuean crops, illus-
trating a strong residual effect of lime. Generally, the deeper the lime
application, the greater ihe response.

Exchangeable Al was lower where lime was applicd. When lime was
mixed through only the tog 20 cm of soil, Al was inactivated in that zone
only. When it was mixed to 40 cm, substantial portions of the Al were
inactivated 10 a depth of 60 cm. Exchangeavle A was lower throughout
the 0-60-cm zone when the lime was mixed to a depth of 60 cm. Suffi-
cient lime was added to prevent a decline in pH or remobilization of Al

9
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Tobde 4. Some chomcal propesties of a imestreated Huamatas cas asinth eneed by depth of iy,
(Samples taken altes brst and hith crops)

Lime trratment pli Fuhangeable Fuhangeable Al
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t/ha «m me /1) goom perecnt
] 020 [ i 60 AR 514 R ) 44 1t
20. 40 130 17 RaR 1. 30 2 ) 2N " ity
10 .60 4140 170 1 an 417 EEE LIS WM "
029 0-20 0-20 54N ) T2 96 0 40 013 } '
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1 60 445 f R0 2% A 210 QAN e 1
2432 - 40 0. %0 540 5 6t 87 1041 Gt (0 H 0
20 40 t 30 (IRhA LN 14 20 000 X)) 0 0
1 60 1 60 hih 62 Iy (1] 0ty 1 O
358.20 060 0. 20 5 h0 h70 L4 "o 0t 0 ! 2
20 - 40 H 10 6 X 1277 [ M K} 0% 0 () " 0
10 - 60 [ 34 740 133 [ Ll (1Nt 000 " (1}
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Table 5. Yield respanse of maise and sonbeans as infhsenced by depta of liming of
Humata: <lay

Lime treasmeny Maize grasm vields® Sevdewn graun saeldi
Quantn  Depth o Copl Crop2® Cop 3 (epd Aig Crop Yy {rapt Acg
applied  an /21 8y 1 71 4 T8
t7ha m tilograms pev hectiare
0 LAY LITS LI § 200 ga3s VI35 L3900 ].350
024 0. 20 HA0 S 6200 o0lo S 045 Lus) 6% 1740
P I - 40 GO0 LS T005 6005 6150 L9975  1.843 1910
RERUT 0~ 60 TR 5TKD BARS 6385 6aGS 1320 Fe25 2075

TCrop 2 was total devanatter viekds, all others wese Rrain vickls

Brazil experiments

Rate and placement experiment. An expenment involving rate and
placement of lime was Laid out at the CPAC on a soil classified in the
Brazilian svstem as a dystrophic, clavev-texuured. cerradao-phase Dark
Red Latosol. In the United States taxonomy (Cline and Buol, 1973), this
soil probably is classified as a Typic Haplustox — fine, isohvp erthermic,
kaolinitic. An area that had uniform exchange acidity and soil pH was
selected for this expeniment. The total cation content of the soil was very
low (<15 me/ 1090 gm soil), and abouat 75 percent of the cations on the
exchange complex were Al (table 6). The experiment was laid out in
freshhy broken savanna that was cleared from shrubs and grasses. Lime-
stone was applicd at rates 070, 1, 2, 4, and 8 tons/ha at two depths, 0- 15
anand 0-30 cm (Gonzaler, 1976). OF the six crops grown un the experi-
ment, the first three were maize, the fourth was sorghum, and the fifth
and sixth were maize. Two varieties of sorghum were grown, Taylor Evans
Y-101, which was Al tolerant, and RS-610, which was Al'sensitive {3alinas,
1978).

The vields given in table 7 show that maize resznded markedly o lime
on this soil. At low rates of lime, vields of the Al-toleran: variety of
sorghum were higher than the Al-sensitive sorghum, but the two varieties
responded equally at tb~ highest lime rate. The respanse (o lime con-
tinued throughout the » crops grown, with ne - vidence that the lower
application rates were beeoming less effective than the higher rates. Thus,
even ai the lowest lime rates, the residuz) effects remained significant
throughout the course of the experiment.”"hose treatments in which lime
was applied to a depth of 30 cm consistently vielded more than those
where lime was applied 10 a depth of only 5 cm. Over the course of the
experiment, the response to 1 and 2 tons o1 lime mixed in 36 cm of soil
equalled the response to 2 and 4 tons of lime mixed in 0- 15 cm of soil.
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Table 6. Some chemical properties of Dark Red 1atool { Pypre Haplustex) as mnfluenced by several rates of

liming appled at 2 depths. (Samples taken S weeks aftes § v apalicasion und atter Sih crop)
e T e . R

jo fimuadiad
BIE snfIqe[eae

M Alpagnopun

|V ue e paseanu
Y3 9y Ut sINsas

Lime Depeh Soul Exehangeabls Exchangrable Al

rele of PH Ca o Mg Al aturalum
sample -

12772 4776 12/72 1/76 12/72 4776 12772 4776

t/ha o™ me/ 0 gm peveent

¢ 0-15 49 4.2 040 0.4% 0.9% 148 70 78
1. -3 47 4.1 035 UR.Y] 0.90 1.25 72 7

Shallow

1 0-15 5.0 4.4 0.92 1.3 0.60 0 ks 39 14
15-30 4.7 4.4 0.40 9.86 0.75 0.90 65 5

2 0-15 8.5 i8 1.95 192 0.45 064 19 25
15-30 4.7 46 0.3% 1.02 0.90 0,80 72 44

4 0-15 6.4 49 2.6% 2.41 010 0 36 4 13
15-30 4.8 47 0.35 1.40 0.R5 0.69 71 33

8 0-15 7.0 57 2.90 (R 400 0.02 0 1
15-30 1.7 4.9 0.40 204 0 80 0.%6 67 I5

Drep

1 0-15 5.1 4.4 .80 0.7 0 8o 1.2% ho 63
15-30 4.7 4.4 0.60 .66 0w 107 60 62

? 0-1i5 5.5 4.6 1.8% 1.6% 0.3 0.7% 16 31
15-30 52 4.6 140 1.30 045 0.66 P4 h34

4 0-1% 6.0 52 315 2.82 01% 018 5 [
15-30 5.5 4.8 1.70 1.88 0.30 04y - 15 19

8 0-15 64 57 4.10 4.95 010 (LA %% 2 I
15-30 58 5.2 210 2,48 0.30 015 13 5
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Table 7. Grain yields of maize and

sorghum on a Dark Red Latosol

(Typic Haplustiox) as influenced by

severz] rates of Bming appbied at 2 depths

—Er e ————

Lime Maize Sorghum ‘crop 4) Maize Arvg.
rate

and Cropl  Crop2 Crop3 Y101 RS.610 Acug Crop3  Crop6

depeh 72-73 73 TI-74 T4-78 75-76  76-77

t/ha hlograms per Aectare

0 2,115 4.570 8X0 2,335 610 1.475 2,360 1.175 2,220
G=15cm

1 3.425 5,280 1.475 5.105 1945 3.5¢5 4.280 1.940 3.280
2 3.5%0 5.690 1.865 6.Q30 51385 5.585 4.3.0 2,005 3.480
4 4,005 5.905 2,265 6.550 5,400 6.225 4.620 2,705 %,

8 3.725 5.960 2,050 0,845 6,855 6.375 5410 2,455 3.920
0-3Jm

1 4.020 5.685 2,085 53810 3.325 4.570 4,430 1.380 3.520
2 4,340 5,860 2,578 6.135 5,580 5.560 4.600 2,125 3.900
4 4.300 6,680 3,060 6.760 6,085 6,425 1,810 2.3 4,340
8 4.790 7.265 3.600 7.020 7.090 7.055% 5.970 2.77% 4.880
b — ——— —— et 4
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even though the content ot Ca = My has increased and prrcentage of Al
saturation has decreased. In spite of thewe etiedts, the ditferences between
deep and shallow lininyg have persisted. Enhanced 1o growth o the
153 = 30-cm zone and water extracuon trom s greater volume of sorl wer e
assoctted with the greater vields trom tae deep g treatments (Gon-
calez 1976 Tmproved Ca nutnition could abso have been s olved in the
Tesponses observed.

Extrapolation experiment, Red-Vellow Latosol. 1o ricternmne whether
the results foam the lime studs o the Darl Redd atosol could be NP
lated to other soils an experiment was carried out on a Red-Yellow atosol
tHapluston = Ac usion imtergrader at the CPAC As shown in table S, the
peeentage of V) sataation <as high i the unteated soid. T he absolute
ameunts ot Alond Ca - My, however, were fow (05 me 100 g sonl).
Ihe crops responded o lime. both i the contoi plot. which recened
ordinary superphosphate. and even more sgnthicanthy i the plos that
revened 4 tons of hine niuved in 30 ¢m ot sorl. The control-plot vielas in
this experivient were substantialh higher than those on the Dark Red
Latosol reparted inthe previoas section. possibhy because gypsanian the
ordinary superphosphate supplied Ca 1o the soil: the PO, that wes
apphied - the soil contamed about 430 kg i Ca. ha. which probably
counteracted some of the adverse eftects of soil acdity, Fae hangeable Ca
showed a marked mdrsase atter ordinan superphosphate was added, and
the perventage of Al sararation was lower. Furthermore, A} situration
was low enough at the end of the fiest crop that it was not g signthcam
Factor i the aop growth. except possibly for Al-sensinve « raps such as
sorghum.

Residual effect of liming in a Dark Red Latosol. Although the ffer: ol
liming on aad soils swally s expected to last for several vears, Uis also
expected to be of shorter duration in tropical than in temperate regions

Table 8. Yiclds of mawre and sarghum as influenced by liming a Red-Yellow 1atosol
(Haplustiox - Acruston intergrade)

Lime Al saturation Yirld
treatment®
Untreated  Apter Crop | Crop 2 Coup §
opl
Maize Mars Sarghum Maize Sorghum
t’ha perveent &g ‘ha
0 75 b {4.510 5.850) 3.5640) 7.650 7.630
4 75 3 5.500 7.140 5,080 K. 350 7.960

*Lime applied 10 a 0- 30cm zone, and ordinary superphosphate used as P source.
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because of higher raintall and higher temperature. 1y this expenment,
o varietien of sovbean. wepe Frownan the 1973 - 74 season on an acid
Dark Red Latosol where lime haa been applied in Nosvember 1970 and on
which Stéinanthes hod been grown since that ume (Gonzales 1976).

Asshownia table 9, vielas increased signitficanthy for both varicties with
the finstincrement of mne. At rates greater than L on/ha, responses were
mportant only at the G-10n level with the Vigoja varien. The sMrong
tespanse to the hrst increment of lime occurred even though the soil
remained very acid (pH 4.8) and the A saturation was high. 7his condi-
ton masy indicate that these two varieties are relatively wolerant 1o Aland
respond well o small additions of lime (Gonzalez, 1976). Because the Ca +
Mg comentin the untreated soil (057 me/ 100 gm) was very low, the crops
mav have responded diredils 1o Ca, also,

After 3vears of cropping, noticeable residual effect of iming remained
in this soi! and most of the exchangeable Al was sull neuitralized at the
nigher lime rates.

Ghana experiments

Lime rute experiment. An experiment was established on the Kumas;
(Tvpic Paleudult series of the Soil Research Institute station at Kwadaso
o measure response of maive to lime. Lime in the form of Ca(OH), was
applied atrates of 0, ', 1,9, and 4 t/ha i April 1975, Maize was nlanted
in April at the beginning of the rainy season and harvested in August. A
second maize crop was planted in October 1975 and harvested in Jznuary
1976. The experiment was laid out in an arca that recentlv had been
ceared from forest. Sail pHand Ca ~ Mg contems of the soil are given in
table 10. Onlvis the subsoil was any appreciable quantity of extractable A
found. and even there the amount was ot great compared with many
soils. The p1 and the Ca » Mg content both increased upon limiag.
Yieldincreased slightly with the first ncrement of lime applied for both
crops (table 10), and a slight reduction occurred at the 4-10n rate. Unfor-

Table 9. Keudual cffent of vanous lune levels on graw vields
of 2simbean vancues an 4 Datk Red [arosml tHaplustox)

Awmounts of Al wturation Sinbeanveld 207374
lime applied, =

s 12:70 | ] Vicoya 14¢.2

t/hg povient de ki,

(U a5 0 1.095 1.064

! 6} 19 1.0 1.870

2 k1 209 2,135 1.920

4 34 20 2140 2,295

6 12 7 2.605 2.40%

8 3 4 2730 2.260




tunately, the experiment was lost after the minor season crop, so that
longer-term results could not be obtained. On a similar soil, Ofori {1973)
reported increases in maize yiekds from liming, which he attributed io
counteracting the effect of (NH,),SO, in aadifying these poorly bufiered
soils. In this experiment, extractable Al played no significant role in
growth: of mawze.

Lime x phosphorus experiments. Two experimeuts were carried out in

“hana to study the effects of various combinat.ons of lime and phos-
phorus on yield and response of {ood crops. One was at Kwadaso on
Asuansi soil, and the other was at Aiyinasi on Basachia soil. The site at
Kwadaso had been cropped for a number of years, whereas the site at
Aiyinasi was cleared just before the expeniment was established, from
secondary forest vegetation that had grown up after previous cropping.
Crops were grown at both sites — maize during the major rainy season and
cowpeas during the minor rainy season of the 1976 ~nd 77 cropping
vears. Yield data for cowpeas was obtained only at the Aiyinaudi site for the
1977 minor scason crop. Tke lime treatnents shown in tables 11 and 12
were applied and worked into the soil with a hoe before the first crop was
planted. No further lime applications were made.

At Aiyinasi, maize grain yields for the 1976 major season were in-
creased by both lime and phosphorus. The response to lime was less at
Kwadaso, although the response to phosphorus was significant (tables 11
and 12). Drought in 1976 limited the grain yields at Kwadaso and may aiso
have restricted response to lime. In general, the largest reponse to lime
at both sites occurred without added fertilizer phosphorus, und the
least responze to lime occurred at the higher rates of applied fertilizer
phosphorus.

In 1977, grain yields were increased significanily by both lime and
phosphorus at both sites. Although grain yields at Aiyinasi were limited by
drought and by damage from birds and insects, yield tended toincrease as

Table 18. Influence of liming on yield of maice grain grown in the 1975
major rainy season and total dry matter gzown in the 1975 minor rainy
season on a Kumasi soil (Paleudult)

Lime SeilpH  Exchangrable  Maize graim ywlds  Dry-matter yield
appbied cations

- Ca + Mg Mayor season Mino~ srason
t/he ne/100 g kg/ha -

0 56 5.86 4.990 5,120

% 59 6.97 5.470 5,650

] 6.1 7.32 5.220 5,670

2 6.1 7.16 5,450 5,580

4 6.6 10.82 4.900 . 5310



Thble 11. taftuence of various combinations of kme and
on maize grain yields grown in 1976 and 1977
S\Zjor rainy scasons on an Asuansi soil (Paleudr i)

(o e
PO, Lime raiy, t/ha
rale
0 ! 2 4 Avg.
Akg/ha Yild, kg/ha
1974 major season
0 1,070 1.430 1,340 1,960 1,456
25 890 1,430 1.430 1.610 1.340
50 1,430 1.610 1.250 1.780 1,520
75 1610 2,140 1.610 2,520 1,920
100 2,500 1,960 1.610 2,500 2,140
Avg. 1,500 1.715 1.430 2,085
1977 mapor srason
0 1,040 1,860 2,550 2,370 1,955
25 2,110 2,270 2,560 2,780 2,430
50 2,150 2,820 2,780 3.35%0 2,775
75 2,%%) 2910 3.160 3.240 2915
100 3.190 2,760 2,970 3.460 3.095
Avg. 2,165 2,525 2,805 3,080

——“‘M

Thble 12. Influence of various combinations of ime and
phosphorus on yield of maive grain grown in 1976 and
1977 major rainy seasons on a Basachia soil (Oxisol)

ro, Lime rale, t/ha
rale
] 1 2 4 Arg.
Ag/ha Yild, kg/ha
1976 major season
0 1.0%0 1.380 2.2%0 3.080 1,93%
25 2.6%0 2,790 2,700 5.010 2,780
50 2,920 3100 2,990 3.420 s.cl0
75 2.900 3.130 3.200 3.060 3.070
100 2.8%0 3.440 3610 3.3%0 3,300
Avg. 2,470 2.770 2.9% 3.180
1977 mapor srason
0 715 910 1,525 i.635 1.195
25 1.51% 1,965 1.7%5 1.610 1,705
50 1.55%0 1,915 880 2,585 1.97%
75 2,160 1.415 1.85% 2,740 2,045
100 1,430 1,780 2,163 2.3% 1,845
Avg. 1,340 1,600 1.8%0 2,175

Mm



the rate of applied lime increased. As in the previous vear, the lirgest
1 sponse to haie occurred where no fentilizer phosphorus was applied.
The vields af the zero-lime plots increased much more with added phos-
phorus than did the plots that received both ime and phosphorus. Thus,
the respense to ime was reduced by the application of fertilizer phos-
phorus. Cowpea vields. however, were not atfected by lime at Aivinasi in
the minor cropping season.

After analvzing Kumasi soil samples trom a nearby locanon,
Mughogho (1977) concluded that levels of extractable Mn were suffi
ciently low to preclude it trom being a substantin e Lactor in lime response
on these particular Ultisols.

The chemical data on the Asuansi soil given in table 13 show definitely
that exchangeabte Al was not a factor in response to lime. Both soil pH
and exchangeable Ca increased with liming. Becauye vields continued o
increase up to the highest rate of hming except a the highest rate of

Table 13, Some chemucal properues of the Asuans wsl as afvocawsd n houng
(Samples taken at end of first cropping season)

Lisxe Sadd pHt Exchangeabis Al

freatment cGlions walutation
H.0 Cat l, (a Mg Al

t/ka e/ JIM) om prrcent

0 54 19 1.56 (.24 (TXV1 4

} 6.4 34 3 034 -

2 66 6.2 379 0.1 -

4 74 70 X214 033 -

Table 14. Some chemial properuc: of the Basachia sl as affevied by liming.
{Samples aken at end of hirst cropping seasont

Treatmen: Sample Sed pH Exchangeaie Al

drpth cations saturalion
M0 Call, Ca~Mg Al

1% m wnel 100 gm pereent

] 0-15 4.5 4.2 0.98 041 29
15-3%9 4.2 39 0.47 0.90 66

1 0-15 5.0 4.5 1.96 o.13 6
15-30 4.6 4.1 1.03 0.55% 35

2 0-15 5.7 53 3.02 0.03 ]
15-30 4.7 43 i.10 0.45 29

4 0-15 6.0 5.6 3.62 0.08 |
15-30 48 4.3 115 0.45 28

%
I8



applied feriilizer phosphorus, it is doub:ful shat the response can be
attributed 1o Ca alone. Rather it seems 10 be related o an increase in
available phosphorus which probably occurs because applied lime en-
hances mineralization of organic phosphorus,

As shown in table 11, the Brsachia soil from Aivinasi contained more
exchangeable Al than did the Asvansi soil, especially in the subsoil. The
degree of Alsaturation in the subse:! probably was high erough to restrict
root growth. The content of Ca + Mg was 2/50 low in the untreated soils,
again especially in the 15 - 30-cm zone. Adding lime had several effects:
both soil pH and exchangeable Ca « Mg increased: exchangeable Al
declined 1o very low values; and Al saturation declined in the subsoil 1o
about half the original value. In addition, there was evidence of move-

ment of Ca « Mg into the 15 - 30-cm zone.

Peru experiments at Yurimaguas

Continuous cropping experiment. The objective of the Yurimaguas re-
scarch program is the developracar of viable alternatives to shifting
cultivation on the Uliisols of the Amazon jungle region. The research has
been directed at evaluating the effects ol land-clearing methods on soil
propeniies and crop yields and selecting the most practical cropping
sequences and fertilizer requirements for sustained crop production.
Although experiments aimed at developing specific lime and fentilizer
practices were not made, selected treatments were available 10 measure
crop response to lime. These soils are strongly acid and very low in Ca +
Mg content, especially in the subsoil (table 15). The percentage of Al
saturation is high.

Data used were derived from a continuous cropping experiment in
which several cropping sequences were introduced on land that had been
cleared cither by traditional methods of slash and burn or by bulldozing

Tabde 18. Sclected chemical properuies of a Yurimaguas sl

of Peru
Sampls Sed pH ExchangralNe cationy Al
depth saluration
Ca « Mg* Al
¢ ] s /1) e perreent
0-5 bR} 1.44 17 45
5-1% 3.7 0.13 24 4
13-43 Sy 013 2.82 a6
43-77 4.0 0.08 2.7% 97
77-140 41 0.10 4.19 98
140-200 49 0.14 351 96

—_——— e
Source: Tyler, 1975,
*Includes K & Na, which in lower horizont constitute 30%

10 40% bases.



Table 16. Vicld o several cropn as mtluenced by bring and
land-deanng sucthods on the Yurimaguas soad (Yields from the s
aop alter treatimnent, 1973,

Crop® Viash & Burr Heulldownd ddeaning
Vosmpletr Cossglete < owmplete Complets »
V1lirme dthme

Qilocram for vt

Rice 2000 ANSTT IEEY] 2025
Cassava ELUN LTS 3 ST 1] 2000 3L kN0
Maize [N Ton ~% 475
Guinea grasw Piusy 2§ 100 12800 N3N0
Sovbeans (1 stem 61 =45 2340 27H 1.31s
Sovbeans imsem 3 w05 1.4x0 ) 100
Ficld beans v aem o 6o ] ALl AH

Source: Seubert, 1975
“ Al grain vields excepu Guinea grass whete vields are § cutings
of torage

Table 17. Some chemial properties of Yunmaguas sol as influenced by land-leanng
methed (Sampled after irst crop, which tecencd no treatmens, and after hirst « rop
which recenved hitne application)

Sample Bumnd Bulldoznd
drpth
pH Exchangeatde Al pl bakangeaMe A/
Glions salurclion calieng wilurglion
Ca~Mg Al Ca ~ Me Al
¢ ) me!IIH) gm pereeni e M) g peroent

Sample aftrr 4030 untreated crop

0-10 14 1.40 150 52 14 067 297 n
10-30 43 043 261 S6 13 02 2K 9
Sample after prst ime-treated crop

0-~10

~lame 43 1.%) 1.750 47 44 1.50 1 0 56

<lime 6.2 6 00 010 2 61 540 010 2
10-30

~lame 4.2 0.50 2.50 78 3 0530 3.00 H6

vlitae 44 1.60 2.20 54 45 1.20 240 67

Source: Seubert. 1975
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(Seubery, 1975). A first crop was grown on these plots without any further
treatment. Several treatments were imposed after the first crop was har-
vested and before the sezond was planted. including a lime control treat-
ment and one receiving 4 1/ha of lime. With both clearing systems, all
crops showed a greater response to lime than those that received only the
complete fertilizer (table 16). The yields on the traditionally cleared plots
were, on the whole, higher than those from the bulldozed plots. The
response to lime, however, was not greatly different on the two groups of
plots.

Some chemical properties of the soils taken at the end of the first crop,
which received no treatment, and atter the second crop (treated) are
given in table 17. Compared with the original samples (table 15), soil pH
increased slightly at the end ot the first crop (6 months). Ca + My were
deiwirely higherin the samples from burned plots, and the percentage of
Alssturation was reduced in the surface layer. Atthe 10-month sampling
on both the burned and bulldozed arcas, however, the Al saturation was
reduced tolow levels as i resuli of lime application in the surface horizons.
The effect of lime at the lower depths was minimal. In both the burned
and bulldozed soils, response to lime was associated with a reduction of A}
saturation.

Lime rate experiments. To study the etfect of rate of liming on crop
response, an experiment was established ia July 1974 on a field that had
been cleared and burned iz August 1972, planted in rice once, and
thercafter maintaiz.« m Guinea grass without lime or fertilizer additions
(Wade, 1978). The chemical properties of the soil without the additions of
lime show that the soil was very acid and high in exchangeable Al (table
18). Lime was applied in one initial treatment at ratesof 1,2, 3, and 4 1/ha
and thoroughly mixed into the soil in the 0~ 10-cn zone. Four plantings
of various crops were grown without additional lime treatments. Crops
grown and vields obtained are given in table 19. No maize crop was
obtained in crop 3 because the weather was unfavorable. Without lime,
crop vields were 4 failure. A substantial increase in vield was obtained at
the 1-ton rate of lime, and yiclds of most crops in the sequence continued
toincrease throughout the four plantings. Wade showed that these crops
had maximum yields when the Al saturation was reduced 1o values of 30
to 40 percent or when the Ca + Mg content was raised to 2 me/100 g of
soil or more. He concluded that iming to reduce Al toxicity was funda-
mental in these soils but that the crops may be responding to increased Ca
supply as well.

Inaddition to the treatments where the lime was thoroughly mixedinto
the 0-10-cm zone, two application methods — mixing with a hoe and
applying to che surface -~ at the 3-ton rate were used. Yields from these
two methods were somrwhat lower than those from the thoroughly mixed
3-tor: treatment, but still a significant response to lime was obtained. In
anather treatment, only 0.6 ton of lime per hectare was spread on the
surface before cach crop was planted, and surprisingly good yields were

2!



obtained. If resources are limited, this may be a methad of getting the
necessary kime applied, albeit over a longer period of time.

The soil pH (1able 18) was only slightly altered by the lime additions. As
the lime rate increased, exchangeable Ca + Mg increased and exchange-
able Al decreased. Thus, the percentage of Al saturation was reduced
from more than 70 percent in the initial sample to less than 10 percent in
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Table 19. Grain yiclds of several crops as influenced by lime rate and mcthod of application on £ 2"’ E’ :1'2 L
Yurimaguas soi! Ex 54 ,_,_5 3
b ———— AT —— ] ..g &:‘.) E 3';_
Lime treaew ens Crop 1 (9/74) Crop 2(2/273) Crop 3(702%)  Crop4(1217%) §-‘:. g 3 ® 5
SSEaoRyp
e =
Rate Dpah Maize  Coupra Mauzr Peanuts Maize Maize Soybean ;-( 2n ,ﬁ. %; 3
sF3 38 Es
t/ha o hlograms per Aectare ?-g §_ 3 C > E
0 200 360 190 440 650 0 0 3 5 s+ T
padir—1 n = [ard
Thorvughly mured: Fesifeg
1 0-10 1.260 1,070 1880 1520 1.530 910 520 SAQD
2 0-10 2,240 1,200 2710 2,000 2,510 2410 1400 x_g Aaase
s 0-10 Y990 1,160 2,540 2,030 2,500 2,200 2,190 2883588 >
< 0-10 2.410 1,400 2,740 2.300 2,130 33060 3.270 g_é ‘” = 5 g‘
Mixed weth hoe: a*3R 3
L] 0-10 1.5%0 1120 2,150 1,640 2,440 1510 3,080 < §5§8 1
Applied to surface: cENMEJ i:‘
) 1.410 #50 1510 1,320 2,190 1L75% 1610 2%ag 3 3
0.6 630 670 1,280 1.080 1,670 1.660 820 ':" % X -} a‘
» .
AR ac
Source: Wade, 1978. 3? 2.2'5’
S FE=¢
E23TRD
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Included in another experiment were lime rates of 0, 2, and 4 t/ha
(Villachica, 1978). As shown in table 20, response to 2 t/ha was substan-
tial, but above that amount it was insignificant, except for the maize crop
in the SAM (soybeans - rice - maize) series.

Adding lime to this soil increased the soil pH and the content of
exchangeable Ca + Mg (table 21). 1t drastically reduced the content of

Teble 20. Elfects of bme rates on sields of
several crops grown in 2 cropping sequences on
Yunmaguas .ol

Cropping Gram vields

yeries and

lime 1ate PR 10:78  8/7»
t/Aa kilcgrams per hectare

MAS i Muaize Rice Sonbeans
0 2,150 3,285 ¢

2 3350 3670 “';"’
4 3340 sgay  AMIC
SAM senes® Suvbenny Rue Marze
0 420 2,160 14C
2 2.380 3.6G0 3.280
4 2,540 3.795 5275

Source: Villachica, 1978
M = maue, A =1ce. S = sovbeans

Table 21. Some chemucal propertics of ime-treated Yunmaguas soil as influenced by
lime rate in 2 crupping sequences. (Samples taken at first and third harsests) .
e e RS}

Lime Sal pH Exchangeabl) Exchanprable Al

rale Ca ~ Mg Al saturoion
6//8 8/76 6/7% 8/76 t.73 BITH 6/7% 8776

t/ha ®_e/ 100 (m prrcent

Maize-nice-soybean serses (MAS)

0 4.8 4.1 1.8 0.88 1.50 2.43 58 73

2 5.2 4.5 252 211 042 123 14 37

4 6.1 52 440 332 0.15 u.1? S 5

Seybean.rie-mairs irnes (SAM)

0 4.5 44 1.00  0.74 1.0 197 60 72

2 58 50 241 1.77 0.30 062 n 26

4 6.4 53 424 308 0.i10 030 2 9

Source: Villachica, 1973
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exchangeable Al, and the percentage of Al saturation consequently was
reduced to very low values. A: the later sampling, exchangeable Al in-
creased slightly and exchangeable Ca + Mg decreased, with a resuliant
increase in Al saturation.

Lime x phosphorus experiment. An experiment to determine the op-
timum rates of lime and phosphorus for Guinea grass was carried out
(Lopez, unpublished data). The first experiment was designed to deter-
mine the best combination rates of phosphorus and lime for optimum
forage production. The chemical properties of the soil used and of other
soils at the experimental site are similar. The area had been cleared a year
before establishing the Guinea grass in October 1973 and had grown a
crop of rice and a crop of beans without fertilization. Lime and phos-
phorus were applied before the establishment of the Guinea grass oaly.
The grass was harvested on an 8-week schedule and a total of 14 cuttings
were made.

Asshown intable 22, 2 modest response to lime was observed in the lime
and phosphorus rate experiment and only at the 2-ton rate. No further
gain was observed for the 3.5-t/ha rate. In addition, response to lime was
higher at the two lowest rates of fertilizer phosphorus, suggesting that
lime was enhancing the availability of phosphorusthrough mineralization
of organic phosphorus. Given that Guinea grass seems (o be tolerant of
relatively acid soil conditions, only modest responses to lime are found.

Table 22. Yield of Guinca gn 1s forage as influenced
by various combinations of lin ¢ and phosphaorus on
Yurimaguas soils. (Ave ~ge of 4 cuttings)
‘-—_—_‘.‘_—_——_——-—.—

P 0, Lime rate, t/ha
rale
0 2 15 Avg.

kg/ha Yield in t/ha

0 1.99 2.86 2.73 2.52
575 2.64 3.47 3.48 3.20
115 3.16 299 3.09 3.08
230 3.03 338 3.52 331
460 3.60 3.9 3.28 340
Avg. 2.83 3.21 .
o e T

Source: Lopez, unpublished data.
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PREDICTION OF LIME REQUIREMENT

Soil properties

Soils ol the humid topical regions vy witely in their chemical,
mineralogical, and physical properties. These soils zre usually acid by
comentional measures, and lime addivions are often recommended to
correct this conditon. In spiie of the great deal of work done on soils of
the humid tropics, universal agreement does not exist as 10 the nature of
the acidinn measured, the causes of poor growth ot plants on these acid
soils. and the criteria needed o determine the quantities of lime required
toamehorate the acidity. Pearson et al. (1977), in their study of compara-
tve Tesponse of tiree plant species in soils of the southeastern United
States and of Puzrto Rico. tound difterent response patterns, which were
not clearly related to either crap species or soil category. Their results
supported the view that satistactors plant growth can be made on the acid
soils of trepical regions ar somewhat lower pH levels than on the soils ot
temperate regions. Thev also concluded that fiming experience gained in
temperate regions should be used with caution tor acid sk of uopical
regions.

The Ulnsols and Oxisols with which we have worked are characterized
by alow elfie-tive cation retention capacity. a low content of exchangeable
Caand Mg.ond a low degree of base s:turation of the exchange complex.
In adidivon, manvy of them are dominated by KClextractable Al Some
Oxisois, such as the Coto and Catalina davs of Puerto Rico, contain onl
small amounts of Al but can have rather high contemts of exchangeable
and easily reducible Mn.

All of the soils with which we have worked are highly weathered. and
the crvstalline dav fraction s domimated by kaolinite with smaller
amounts of gibbsite, Al-chlorite, and crvstalline iron oxides (goethite or
hemarite). Also, 2:1-laver silicates are often presentin the clay fraction.
The mica, vermiculite. and Al-chlorite are not separate species but instead
are randomly interstratified mixtures. In addition to the crystalline frac-
tion, all of the soils contain a sizable clav fraction consisting of amorphous
matenials of Si, Al and Fe. These amorphous materials, alony with or-
ganic matter. contribute 1o a substantial pH-dependent charge in many of
thess soils. The clav fraction of the Ultisols usually is dominated by
kaolinite and still contains 2:1 minerals along with Al-chlorite. The clay
fraction of the Oxisols, on the other hand. is dominated by iron oxides,
gibbsite, and amorphous materials, with only traces of the 2:1 minerals
(Cornell University Annual Report, 1971; Weaver, 1974: Tvler. 1975).

It is likely that the weathering of the Al-chlorite and the 2:1 minerals
provided the main source of neutral salt-extractable Al found on the
cxchange complex of these soils. .\lcngcl and Kamprath (1978) have also
shown that organic matter can comain large quantities of Al, which is
extractable with CuCl, but not by KCI. This large rescrve of Al probably
contributes to the acidity of soils as the organic matter decomposes and
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the Alis released 1o the soil solution. I hus, in many of the Ultisols, as the
exchangeable Alis being neutralized by liming, additional exchangeable
Alisgenerated by weathering of Al-bearing minerals or by decomposition
ol organic matter (Juo and Kamprath, 1978). This generation of ex-
changeable Al man well explain the short-term liming ctfect or poor
residual eftect of fime noted by Pearson (1975) and reflected in the Puerto
Rican studies (Abeuna et al., 1975). It likewise explains why Wade (1978),
while on the experiments in Yurimaguas, found a decrease in soil pHand
an increase in exchangeable Al only a few months after lime additions.
Exchangeable Ca + Mg had changed little over the course of his experi-
ment, indicating that the leaching of bases was not a significant factor in
increasing acidiry.

On the othe, hand, in the Oxisols, which have a much smaller or no
reserve of Al exchangeable Al iy not likely to be replenished. In these
soils, the liming effect should be much longer lived, a conclusion that is
borne out i the sebstantial residual effects of fme found a1t CPAC in
Bravil. The Oxisols, thus, should require less frequent maintenance ap-
phications of lime and av lower rates than should the Ultisols.

Soil pH. The soils reported here all have pH values between 4 and 5
before treatment, except for certain ones from Ghana where the surface
soil pH wasin the low 5 range. The subsoils usually had pH values in the 4
range. The relationship between soil pH and lime application was very
erratic, however. In many soils. there wis enough pH-dependent charge
that large lime application brought about only modest and, in some
instances, rather transitory pH changes (see table 1 and 2). Afier the
Ulisolsand Oxisols of Puerto Rico were limed 1o about pH 5.2, no further
increase in vield was obtained (Abruna et al.. 1974a). Their analysis
suggests that when these soils have a pHof 5o 3.5 and Caisin adequate
supply, no response to further additions of lime will be obtained because

-

there is no Alin solution at pH 5.2 or higher.

Aluminum saturation. In addition o being extremely acid, the Ultisols
and Oxisols contain appreciable quantivies of Al, which is extrected by a
newtral, unbutfered salt solution. The effective cation exchange capacity
of these soils is considered to be vhe sum of the exchangeable huses (Ca +
Mg) plus the unbuffered. neutral, salt-extractakic Alatthe pH of the soil.
In highly acid soils, most of the effective exchange sites are occupied by
exchangeable AL The percentage of Alsaturation in the acid soils we have
worked with has ranged from very low in the Catalina soil (Oxisol) of
Puerto Rico and the Kumasi soil (Ultisol) of Ghana to as high as 90 percent
in some of the other sails. The Al saturation was in range of 60 1o 80
percent in most of them, and the actual amounts of cxchangeable Al
varied from as little as 0.7 - 1.0 me/ 100 gmtoas highas9.9me/100gmin
one of the Ultisols of Puerto Rico.

Liming experiments carried out in Puerto Rico have been summarized
in a series of papers (Abruna et al., 1974a, 1974b. 1975; Perez-Escolar,
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1977; Perez-Escolar et al., 19780, 1978b). With mare and stapheans, a
close relationship between vield and percentage of Al saturation existed.
The degree of Alsaturation of the Oxisols was much less, and maize vield
showed littde response to lime. except on the Bavamon loams sand where
Absaturation reached 40 percent and vields were lower than on soils with
ahigher pH and alower pereentage ot Alsaturanon, Yields of saphbeans,
however, increased progressivels as A zaturation approdched zetoonall
soils. The vield of sweet potatoes, 4 crop quite tolerant o soil aadin,
showed nosignificant 1esponse to limimg. Sovbeans were mter mediate in
their response and. in general, vields were reduced b high amounts of
exchangeable Al

Abruna et al (1975 have shown abvo that the Oxasols wath which they
worked had a higher content ot casily reduible Macand that Ma tovidin
at low pH values may be mvolved i pocy plint gromth. Thus, the
conduded thatboth Aland Mu ere vield-lamitmg Lactons fon sapheins
onsoilsbelow pH 3.0and that a Ca: M ratio m the feat of about 225 would
be required for maximum vield. Thes alee sggested that . high level of
avatlable Camitselt s etfecne in overcoming the deleterions etfecs of
excess M plants

Brenesand Pearson (1973 measured the sensiunaty of so whum, maze,
and stargrass 1oots to Abin the sl solutiin of an acid Husatas clay (an
Ulisob and a4 Coto dav un Oxisob. They found that AL i solution
restricted root growth ol maze and sorghum but that it did not dettimen-
tally atfect stargrass roots. Maize 1oot growth was reduced only when the
saturation was above 30 percent. Sorghum oot gron.h was sharph 1e-
duced by any level of exchangeable Al abore the lowest level they tested.
Aluminum activity i the sail solutions ranged from 0113 mM at the
lowest pH to oniv 00009 mM at the highest pH i the Humatas clay.
Sorghum root growth dropped sharply wath the first mcrement of soil-
solution Al Matze root growth was also restaicted, but about twice as much
Alwas required to canse the same reduction in root growth of both maize
and sorghum. Brepes and Pearson (1973 also noted that root growth did
not differ among arious species grown in either the Ultisol or the Oxisol
when the soil-solution Al level was the same. Thus, they conduded tha
roet inhibition i acid hunid-tropical soils 18 primarily a resalt of sonl-
solution Al toxicity. They also conduded Trom ther anadvees of the soil
solution that Ca should be adequate for plantgrowth even in the most acid
soils.

Kamprath (1970) cenduded that realistic ime apphcation rates for
Ultisols and Oxisuls can be based on exchangeable Al extr aed with
neutral, unbuffered sali. A quandty of ime equivalent 1o exchangeable Al
reduced Al saturation to less than 30 percent. He showed that below pH
5.4 the buffer capacity of these soils was determined prmanly by ex-
changeable Al On the other hand, Amedee and Peech (1977, 1976h)
showed that the amount of extractable Al removed from several highly
weathered tronical soils and one New York soil greatly underestimated
the i.mount of CaCO, that would react with 4 soil upon cquilibration with

28



an excess of CaCO,. Even so, the exchangeable Al content of these soils
provides the most useful measure of their lime regquirement

Gonzales (197€), in his study of the liming of the Dark Red Latosol of
Brazil. found that Al sozuration of 50 10 60 percent was critical: below this
range, the concerrration of Al in soil solution was reduced to low values;
above it, soil-solutien Al increased substantially. The activity of Al in
solution is generallv comrolled by the solubility of poorly organized
hydroxy-Al compounds or, in some instances, by gibbsite. Gonzalez's
observations suggest that the addition of small quantities of lime (1 102
tonsZha in the top 1 cmy results in a rapid decrease in the soil-solution Al
concentration. This marked decline undoubtedly accounts for the stzak-
g response of maize to the low rates of lime found in the Brazil experi-
ment(see table 7). even though the degree of Al saturation of the effective
CEC vaned Ytom 30 10 30 percent after liming.

Gn the other hand, Zandstra (1971) concluded that no single value
Aecasure of soil acidity was sufficiently reliable o explain vanation in
Marze or sorghum root growth, He concluded that the soil-solution
parameters pH - b2 pCaand 15 pAl - Y pCa were superior to cither pH
or pAlin explaining the variation in root growth observed. Predicting the
solution razio of Ca and Al on the exchange complex should effectively
explain how Al woxicity in various soils affects root growth. Thus,
Zandstra concluded that exchangeable Ca and Al in the relation

[Ca)'™
(Al "¢

sotl, gave 2 useful index of Al toxicity in soils that have more than 80
percent of thew exchange complex saturated with Ca plus Al

Uhe use of organic matter w alleviate Al toxteity has shown promise in
certin situations, Evans and Kamprath (1970) have shown that soils with
mereasing organic-matier content had a lower soil-solution Al content ata
given pid. Santiago (1972) tound that organic matter rich in Ca was as
cffective in neatralizing exchangeable Al as was (2(OH),. Wahab and
Lugo-Lopes (1978) have shown that adding decompaosed coffee leaves to
soils resulted in decreased soil acidity and exchangeable Al Coffec leaves
were more cllecive than Pangola grass in inhibiting Al toxicity. They
indicated that organic matter may well complex soluble Al and thereby
reduce its toxicity to plants. Thus, soil organic matter and organic-matter
additions o the soil may help alleviate Al toNicity.

- where Cs the sum of exchangeable cations in me/ 100 gm

Lime — phosphorus interactions. The evidence from the experimentsin
Ghana and Peru indicate that a strong interaction occurs between lime
and phosphorus. The addition of linse i these expeniments apparently
enhances the availability of native soil phosphorus —a change which may
derive from increased mineralization of organic phosphorus. Phasphate
fertilizers suppiy Ca to the soil and thereby may reduce Al and Mn
toxicities, muctl as adding lime does. Little is known about these reactions,
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although Woodruff and Kamprath (1965) found that liming increased
the cfficiency of fentilizer phosphorus on acid soils that contained an
appreciable amount of exchangeable Al. Mendez and Kamprath (1978)
found on some Latosols of Panama that liming to neutralize Al, when
combined with low levels of added phosphorus, increased plant growth.
When Al saturation was below 60 percent and large amounts of phos-
phorus were added, there was no benefit from liming: and when Al
saturation was above 60 percent. not even large phosphorus applications
could completely overcome the detrimental effects of Al on plant growth.
Huch work remains for clarifving lime - feritizer interactions to improve
assessments of the need for lime on Ultisols and Oxisols.

Calcium leaching. Although it has been suggested that Ca leaches more
readily from tropical soils than f . ym soiLs of temperate regions, Amedee
and Peech (1967a) found that smaller cumuiative amounts of Ca were '
removed by successive extractions with water from highly weathered,
humid trepical soils than from a New York Fragiochrept. The concentra-
tion of Ca in solution was proportional to the degree of Ca saturation of
the soil. Juo and Ballaux (1977) likewise found that Ca losses through
leaching were relaiively small in an Uhiso) from Nigeria. Cnly 1 percent
of the added Ca was found in the leachate or had moved beyond the
30-cm depth during 10 weeks of cropping. These data indicate that Ca
l=>ching from the highly weathered tropical soils is not greatly different
tram that in humid temperate-region soils.

Vlant toleranv:e (o acid s0il stress. An alicrnative approach 1o modify, 1g
the soil envivonment 10 provide a suitable medium for optimum plant
growth is to select or adapt plants that thrive in the presence of adverse
conditions. The selection of various food crop plants tolerant of acid soil
conditions iv usually accomplished by screening presently availabie cul-
tivars for their tolerance to various levels of Alin solution. The long-term
goal. however. should be to develop varieties more tolerant of specific
stress conditions than those presenily availible. Such an approach re-
quires extensive genetic studies to identify the germ plasm responsible for
the tolerant condition. The current status of our knowledge in this area
has been well developed in a series of pap «rs edited by Wnight (1976).

As part of these projects, and as a {ollow-up to the earlier work of da
Silva (1976), Salinas (1978) carried out an extensive greenhouse and field
program to identify varietal tolerance 1o Al stress in important crops of
the Cerrado region of Brazil. One of the striking observations was that
Brazilian wheat varieties developed under acid soil conditions were much
more tolerant of Al stress than Mexican wheat varieties developed under
calcareous scil conditions. He also showed that rice, beans, so um, and
maize, in addition to witeat, have wide ranges in tolerarice to Al stress. He
likewise found that greenhouse conditions for ranking varieties were
similar 10 field conditions. ‘

In other aspects of the studies, Rhue a.:d Giogan (197€, 1977; de-



v-loped screening procedures which allowed reliable ranking of inbred
maize lines with respect 10 Al tolerance. They also showed that Ca and Mg
can protect maize roots from the toxic effects of Al A wide range of

cultivars. They will be most useful in enhancing root growth in otherwise
hostile root environments so that the plant can exploit subsoil water.
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