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LIMITATIONS TO PRODUCTIVITY OF SOME OXISOL
AND ULTISOL SURFACE AND SUBSOILS

Kenneth Dale Ritchey, Ph.D.
Cornell University, 1973

Greenhouse experiments using maize and grain sorghum were car-
ried out in Puerto Rico to see if the lower productivity of subsoils
could be increased to that of surface soils with the use of mineral
fertilizers and adequate watering techniques.

The use under tropical conditions of a simplification of the
fibérglass wick automatic watering method of Dolar and Keeney (1971)
was shown to significantly increase yields in greenhouse pots. The
mathod maintained a larger supply of available water in the pots than
would be present with conventional surface watering to field capacity,
and permitted a sizable reduction in the time necessary for watering.

It was shown that an exposed subsoil of Nipe (a notoriously
infertile Typic Acrorthoi) was as productive as Carreras (Aquic Tropo-
humult) surface soil when N, K, micronutrients and 600 ppm P wera added
and the pots were watered by means of wicks.

Carreras subsvil, when limed and fertillzed with N, K, 300 ppm
P, 100 ppm Mg and 36 ppm Zn produced as well as Carreras suvface soil,
even though it contained only about one~third as much organic matter.

A comparison among eight surface and subsoils showed that yields
on limed, fertilized, well-watered Los Guincos (Epiaquic Humoxic Tropo=-
humult) surface soil, Carreras surface soil, Pida (Psammentic Haplorthox)

surface soil, Los Guineos svbsoil, Pifla subsoil and Catalina (Tropeptiec



Haplorthox) surface soil were not significantly different. However,
the yield on the least productive of two Catalina subsoils was only 64%
of the yield on the Los Guineos surface soil, But with the addition of
Zn and slightly over 1000 ppm P, yields on the two soils were essentially
the same. |

It waswfound.that the increased sorghum yields obtained when 2%
dried, ground partially decomposed coffee leaves were added to limed
Humatas (Typic Tropohumult) surface soil (fertilized with 96 ppm K,
96 ppm N, 10 ppm Mn, 5 ppm Fe, 2.5 ppm B, 5 ppm Za, 0.5 ppm Cu and 0.1
ppm Mo) could be duplicated when the mineral.fertilization wes increased
to 484 ppm N, 300 ppm P, 150 ppm K, 62 ppr S, 100 ppm Mg, 0.5 ppm B,
2,5 ppm Cu, 10 ppm Zn and 0.1 ppm Mo. The previously observed effect
of the coffee lcaves was probably related to increasing the supply cf
available magnesium and phospliorus.

It was concluded that the grecnhouse pot productivity of surface
soils and subsoils of the Ultisols and Oxisols studied can be brought
to a high level withour the addition of organic matter, provided adequate

mineral fertilization, lime and water management are used,
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'GENERAL . INTRODUCTION

The purpose of this investigation was to study the potential pro-
ductivity of Oxisols and Ultisols of the humid tropics. In the fight to
:inetease world food production it is important to know where the real
'1imitatioos to production lde.

| ThioAstudy undertakes to investigate the not uncommon attitude -
‘thet-ﬁltisol and Oxisol subsoile'are less productive than surface soils
and that some Oxisols (e.g. Nipe) are inherently unproductive.
| Many sobeoils in the Tropics have good structure, but it is ob-
served that plant roots do not fully explore this subsoil area and there-~
”foreydo not make use of the reserves of moisture and nutrients present.
‘This limitation on plant growth is often caused by low pH or low. ferti—
.lity. This study was undertaken specifically to investigate the ferti—
lity limits involved, with the expectation that micronutrient deficieneieva
might‘be of particular significance. In situations where subsoiis
are exposed>by iand-leveling or erosion, knowledge of what’fettilitgl:
tactors may be retarding full production. is especially‘impottant;..f‘f

The experiments were carried out in pots 1n the gteenhouse to
;permit the study of a number of soils at the same time and to allow
auxiliary experiments aimed at gaining some understanding about the
interplay of factors affecting productivity on the lower yieldihg soils;‘
Gteenhouse studies may say little about the field problems of disease.;x{‘

‘ 1nsect and bird damage, vatiations in rainfall, difficulties of cultivation,



,:and economic constraints, but they can clearly indicate whether the ferti-
;lity limitations of a soil can be overcome or not. and what fertilizers.
are needed to accomplish this. 5 n'; SR ' - |

| The thesis is divided into four sections. In,the'first,‘resnlts
of‘jield comparisoqs among q}tisol and Oxisol surface and subsoils are
~presented. Theaeecond section discusses the results of trials on an

R

improVed methOd éf watering greenhouse pots which reduces water stress
and eliminates differences in experimental ylelds arising from varia-
tions in the ability of soils to supply water to plants growing in pots.
The third section;discusses‘a series of experiments carried out to see
if a leaf striping symptom ohserved in the maize cultivar grown was re-
lated to any nutrient‘deficiency‘in the soils and 1f it was related to
reduced yields. The fourth section describes investigatious carried

out to see if increased yields reported associated with high organic
matter contents could be duplicated with mineral fertilizers.

The first two sections have been nritten with the aim of sub-
mitting them for publication in journals of tropical agriculture. In
some cases where an experiment investigated several nutrient inter-
actions simultaneously, the overall experiment is described in ome of
the last two.sections and the results of relevant treatments are given

i,

in the sectidns to be submitted for publication.



SECTION ONE

LIMITATIONS TO PRODUCTIVITY OF SOME

ULTISOL AND OXISOL SUBSOILS



INTRODUCTION

As population And agricultural land use pressur; increase, both
erosion and land-leQeling expose more subsoil to potential cultivation.
Lower yields often observed on subsoils sometimes create the impression
that subsoils are irremediably inferior to surface soils.

Reported instances of cases where subsoil productivity is lower
than the productivity of the surface soil include that of Abrufia-Rodr{guez
and co-workers (1970) who found in Puerto Rico plot experiments that
tobacco ylelds on Corozal subsoil (Aquic Tropudult) were at least 23%
lower than those on Corozal clay surface soil at comparable base satur-
ations and rates of applied fertilizer.

Pangola grass growing on Alonso clay (Orthoxic Tropohumult) sub-
soil at Adjuntas, Puerto Rico gave a yleld of 75% the yield obtained on
the surface soil (Abruﬁa-Rodriguez, personal communication).

A Coto subsoil (Tropeptic Haplorthox) at Isabela, Puerto Rico,
although exposed for many years, remained practically barren. The in-
fertility of the subsoil was apparently due to Zn deficiency. DMaize
plants not sprayed with zinc sulfate stopped growing after rcaching a
height of 30 cm, while Zn-sprayed plants in the next row matured nor-
mally (Cornell University, 1971).

In greenhouse tests on Carreras surface and subsoil (an Aquic
Tropohumult formerly called Humatas), and Cialitos surface and subsoil

(Orthoxic Tropohumult), the dry weights of bean tops grown on the surfsce



soils were twice as large as those grown on the subsoils with couplete
fertilization including micronutrients (Cornell University, 1970).

Lathwell et al, (1972) studied the nitrogenssupplying potential
of 10 tropical Ultisols and Oxisols from Puerto Rico. After fertilizing
with N, P, X, Mg, and micronutrients, the greenhouse yield for five crops
of corn and sorghum on the least productive soil, Nipe (Typic Acrorthox),
was 427 of that the most productive, Carreras (Typic Tropohunult); addi-
tional experiments indicated that these results may have been due to
high phosphorus fixing capacity in the Nipe soil (Lathwell, personal
communication). |

This study undertakes c6 find out exactly what fertility factors
are responsible for preventing maximum growth on some Puerto Rican sub-
soils. In addition to conventional pot watering a new method of water-
ing which reduces the possibility of moisture stress was used, to see
1f previously reported depressed pot yields on subsoils could be parti-

ally attributed to ineffective conventional pot watering techniques.



GENERAL METHODS

Soils were collected from the Cornell-AID plots near Jayuya (Los
Guineos), Manati (Piha), Barranquitas (Catalina) and Corozal (Carreras,
formerly called Humatas). The Nipe soil was collected from Las Mesas
near Mayaguez. Surface soils were collected from the plow layer (0-20
cm) and the subsoils from 20 to 50 cm depth. Details are given in the
Appendix, |

The thoroughly mixed air-dry soils described in Tables 1 and 2
were ground in a Quaker City Mill to 4 mm or less, mixed with liming
materials and fertilizers, and placed in 2000 and 3000 ml capacity white
plastic pots with 4 holes in the bottom (diameter of pot tops 15 or 20
cm). Where density of the soils differed greatly, equal volumes rather
than equal welghts of soil were used, A layer of fiberglass was used
to line the bottoms of the pots.,

Modifications of the wick-watering method of Dolar and Keeney
(1971), described in Part 1I, were used on a number of pots., A hole
was melted through the bottom of the pot with a red-hot 1.4 cm diameter
iron pipe. A wick was inserted which extended halfway up through the
center of the pot and down into a container of water below the pot. A
preliminary trial of the method using USP cotton fiber for wicks was
made in Experiment I. For the remaining experiments fiberglass wicks
27 cm long and 1.3 cm in diameter were used (Type 4608, Atlas Asbeétos

Co., North Wales, Pa.).



Table 1. Chemical properties of soils used and their classification under the U.S. Soil Taxonomy system,

3
*

Soil Depth N pH Ca Mg K Al oM
cm y 4 . —————— me/100 g+ y 4

Aquic Tropohumult; clayey,
kaolinitic, ischyper-
thermic 33-43 0.09 4.5 1.59 0.35 0.200 7.54 1.80

Los Guineos 0-15 0065 5.0 4.86 1.71 00366 1.06 10.66

Eplaquic Humoxic Tropo-
hunult; clayey, keo-

linitic, isothermic 17-35 0.27 5.0 2.36 0.99 0.187 1.49 5.27
Pida 0-15 0.07 5.3 1.00 0.18 0.080 0.37 1.81
Pgammentic Haplorthox;

sandy, isohyperthermic 20-40 0.06 4.75 0.48 0.24 0.026 . 1.06 2.03
Catalina 0-12  0.31 5.8 5.48  0.68  0.420 0.00  6.04

Tropeptic Haplorthox;
clayey, oxidic, iso-

hyperthermic 20-50 0.22 5.4 3.72 0.88 0.640 0.00 3.60
Exposed
Nipe Subsoil 0.14 4.8 2.28 1.31 0.187 0.00 3.22

Typic Acrorthox;
clayey, oxidic, iso-
hyperthermic

x
1:2 soil:water.

+ .
Exchangeable Ca, Mg aad K with ammonium acaetate; exchangeable Al with potassium chloride.

7



Table 2. Available zinc, available phosphorus and phosphorus requirements
of solls used. ‘ -

Available Zine
0.1N Double DTPA

Soil HCl acid TEA p* P requirement+
' | . ppr wg/g
Carreras Surface 0.6 1.0 0.4 1.8 100-150
. Sub 0.4 0.7 0.1 4.2 440-480
Los Guineos Surface 2.2 3.5 2.1 6.3 ' 740-800
Sub 0.6 1.8 650-700
Pifia Surface 0.6 0.8 0.3 133.0 0
Sub ' 53.9 0
Catalina Surface l2.0 2,8 2.8 4.2 -
Sub 2.0 1.4 640~860
Nipa Exposed
Subsoil 1.4 750-850

®
Available phosphorus by Bray No. 2,

+Micrograms P per gram soil necessary to obtain 0.2 ppm P in
equilibrium solution after six days by method of Fox and Kamprath (1970).



411 other'pots were watered conventionally. They were brought
to fiél&'capacity By sprinkling water on the surface one to three times
daily.

Distilled water was:used in all experiments except Experiment I.

In all experiments ammonium nitrate, pdtassium nitrate and
mgpogplcipm,bhogpha;e were used as sources of.N, P and K, except in
Experiment III, where potassium sulfate was used.

Split applications of nitrogen fertilizer through the growing
period were made by injecting concentrated ammonium nitrate solution
into the wicks with a hypodermic needle or adding it to the convention-
ally watered pots with irrigation water.

Ten to 12 seeds of maize (Zea mays L. cv. Pioneer Trepical
Hybrid X-306) were planted and thinned to four plants per pot. In some
of the trials an effort was made to reduce fungus infection (especially
severe in Carreras subsoil), by using seeds which had been germinated
betveen moist paper towels. For the final 24 hours of the three-day
getmination period, a 0.5% suspension of Chloroneb systemic fungicide
(1,4-dich10to-2,5-dimethpxybenezene) was used to moisten the towels.
Plants were sprayed as necessary with Diazinon to control insects.

The plénts were grown in the greenhouse under natural light.
After two to three weeks of growth (measured from the initiation of
germination), plant tops were harvested, dried to constant weight

at 70 C, and weighed.



EXPERIMENT I

'This experiment was designed to see if the soil-productivity:»
differences between Nipe subsoil and Carreras surface soil which were
observed by Lathwell et al. (1972) would persist at high phosphorus

rates and continuous water supply.

Methods

Treatments of 0. 600 and 1800 ppm P (600 mixed in plus 1200
banded) were applied to ZOOOg Nipe subsoil, and a treatment of 600 ppm
P was applied to 1600 g Carreras surface soil. The banded monocalcium
phdsphate was divided into six parts. One part was placed in the center
of the pot and the othgr £five placed in 2 cm long glass tubes of 6 mm .
inside diameter and distributed around the pots, in order to provide a
concentrated phosphorus source with a minimum possibility of soil fixa-
tion. The soils were limed to pH 5.5-6.0. Each soil received a 200
ppmvg. 300 »pm N andaa mdcroputrient solution supplying 10 ppm Mn as
MnClzoéﬂéO. 5 pppAFe as sodium ferric diethylenetriamine pentaécepate,
2.4 ppm B as H3803, 0.5 ppm Cu as CuSO,*5H,0, 5 ppm Zn as,Zn804i7320
and 0 1 ppm Mo as H Mooa-Hzo. |

'To test the feasibility of using wicképgtetihg methods and
bécause the Nipe soil has a low available'wdﬁer content, two treatméptégQ
uadng wick-watering were included: Nipa,with 1800 ppm P and Carrepdéf{ff

with 600 ppm P,

lijiOA_f
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Reoults and Discussion

The ovenrdry weights of the plant tops which were harvested N
’24 days after planting are shown in Table 3. When water supply was .
adequate (wick-watering) and high omounts of phosphorus were: added,
the productivity of thevNipefsubsoil equalled_that of the Carreras
eotggee ooi1. with Nipe the addition of 1200 ppm P in a banded appli-
cetion to the 600 ppm mixed-in had no effect on yield, but there was
a considerable 1ncrense in phosphorus content of the leaves.

The previously reported low yields on Nipe subsoil in green-
house experiments were probably due mainly to insufficient application
'of»ohosphorus. Phosphorus adsotption isotherm measurements [uoing the
methods described by Fox and Kemprath (1970)] showed that approximately
800 micrograms P/gram of soil were necessary to maintain an equilibrium
solution concentration of 0.20 ppm P; regarded as sufficient for plant
growth in pots. ‘In this experiment 600 ppm apparently provided suffi-
cient P in the pots, as 1800 ppm gave no higher yields.

' The;rates of P applied to satisfy phosphorus requirements are
- far higherlthan~those necessary in the field. Baker and Woodruff (1963)
observed in pot experiments with maize.that a disprOportionately large |
1ncrease in rates of P fertilization was necessary as pot size was de-
,cteaeed., Fox and Kamprath (1970) attributed this to interception of
,ﬁiaﬁt,ioqcs«by the container walls causing "piling-up" of the roots
.whieh results in reducing their effectiveness for phospliorus uptake.
Because of this observed amplification of P requirements in pots one: .

can expect to reach plateau levels of P response in the field‘ﬁith\pdeho:j

lower levels of P fertilization than were necessary here.a‘(;vaff
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Teble 3. Yield and foliar phosphorus content of maize grown on Nipe
’ subsoil and Carreras surface soil at various phosphorus
rates with conventional and wick watering in Experiment I.

ST Replica- -
Soil Applied P Watering tions Yield* Foliar P

o pm . gloot  pm
Npe 0. cow 4 2722 - 0.2
Npe | -66Q S | conv 4 10142 b - ,;50'.'397-'
Mpe 100 v 4 1048 b 0%
Mpe . 1800wk 2 1300 be 045
Carreras 600  wick 3 157 e 0.5
Carreras 600 conv 4 12,82 be

*

Yields not followed by the same letter are significant different
at the 5% probability level accordiug to Duncan's ifultiple Range Test as
modified by Kramer for umequal replication (Steel end Torrie, 1960).
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- Tﬁe:e was a 24% increase (although it was not significant) in
yiqldfiﬁ,:he Nipe with theluse of the automatic wick-watering method
t9 ha§éthih‘é“é6ntinuous éupply of eaéily available water. Roberts
(1942).described the naturally occurring Nipe soil as "not stetile,.'
Sugfext;emely infertile . . ,?‘and it is appafent that the low avail-

able ﬁater capacity of the soil is a factor of importance.



EXPERIMENT II

In a nitrogen expériment described by Fox (i972);‘ﬁarkéd differ-
ences.in productivity at the same level of nitrogen had been observed
on different areas of a field of Carreras soil varying according to the
amount of subsoil mixed in with the surface soil (R. H. Fox, personal
communication).

A preliminary experiment on surface soils, a partially exposed
cropped subsoil, and a buried subsoil from the ficld showed théc the
yield relationships observed in the field could be reproduced in the
greenhouse., All the solls received 300 ppm N, 300 ppm P, 200 ppm K,

50 ppm Mg, 5 ppm Zn and micronutrients. The pot yield on the pure sub-

s0il was only 69% of the yield on the surface soil. Yields were propor-
tional to both soil organic matter content and Bray No. 2 available P.‘

In the preliminary experiment the addition of 2% dried, partially decom-
posed coffee leaves increased ylelds on the pure subsoil by 18%Z. Foliar

analysis indicated that ﬁg, Zn, and P night be insufficient.

This exberiment was cn;ried out to see if the differences in pro-
ductivity on 8 low organic matter subsoil could be eliminn;ed with miﬁ-‘

eral.amendmeﬁts;or<if organic matter additions werevélsoAnedessnty. o

Methods -

.f  fffTﬁ§eef;év§isqu‘ﬁhosphorus”(100, 2005 hnd 300 ppm P) were 8§p11ed7

'tQJQ?IQQQf';Cétrétﬁhﬁéﬁbbpil receiving;zervo:k36:ppm:Zn. Ah organic
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matter treatment of 300 ppm P, 36 ppm Zn and lZ dried ground partially
decomposed coffee leaves was included.r For comparison, Carreras surface j )
‘aoil with and without added Zn was included. All soils were limed to pH

5, 1-5 5, fertilized with 300 ppn N and 200 ppm K, and all but Treatment

10 received 100 ppm Mg as magnesium sulfate., Three replicates per treat-
ment, all wick-watered, were arranged in Random Complete Blocks, and the

experiment was harvested 24 days after the initiation of germinationm.

‘Results and Discussion

IheireSults (shown in Table 4 and-Figure 1) indicate thattphorphOrus
'andfzinc levels are more important to yield than organic matter. Whenﬁ360
ppa P and 36 ppm Zn were added.to the pure subsoil, the yield was as good
as that obtained on surface soil with Zn or on subsoil plus organic matter.
The response to zinc, particula;ly at high phosphorus level, was striking,
exceeding 100Z. (See Figure l1l.) There was also a marked response to the
application of zinc in the surface soil. It is clear that both Zn and P
are needed to maximize yields in this soil.

lhe subsoil showed no significant response to added copper,.nor
to the addition of 1% dried ground partially decomposed coffece leaves.

The results of foliar‘analysisvare shown in Table 5. These emission
spectroscopy measurements were unreplicated so the possibility of error
cannot be eliminated. The phosphorus content was erratic in the zinc-
deficient plants but in the zinc-sufficient ‘treatments P content increased ':
.with applied phOSphorus to 0, 30% P-at 300 ppm P added,. which is within |
fthe sufficient range for maize accotding to Jones (1967). Zinc content

was deficient at a11 levels of phosphorue vhen no zinc was. applied but

Yiat 36 ppm Zn the plant content waa sufficient at the 200 and 300 ppméP

treatments.
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Table 4. Treatments and yiclds on CarreraS‘sutféce'and*éthOils_iﬁ» 
Experiment II.. - o ORI

Treatment }.f Tfeatmént
Number o Zn. ! P Cu Yield*
;o - \.ﬁ ppm g/pot -
Subsoil | o
1 o f'\o 100 2 4.60
2 0 "0 2 5.60 a
3 =6; 300 21 6.97 a
4 36 100 21 . 6.63 a
5 3% 200 21 11,23 b
6 3 300 21 14.23 b ¢
7 %6 ;ob 21 13.33 b o
plus 1% coffee leaves
8 36 300 0 15.27 c
Surface Soil =
9 5 0 300 21 7.70 a
10 ) 3 300 2 14.30 b

*

Yields not followed by the same letter are significantly
different at the 5% probability level by the Duncan's New Multiple
Range Test. :
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Figufe l.ﬁ Rolntlorshiﬂ between phosnhorus annlicrtion and dry nutter
yield of maize with and without added zinc on Cerreras subsoil. '



?rgpiéisg',rolig: analyses of maize plants from Experiment II.

Treathent

_Number Yield N P K Ca Mg Mn Fe B Cu Zn Al Mo
r 4 Ppm

1 4.60 2.9  0.12 4.69 0.65 0.05 69 57 8 7 8 62 2.1
2 5.60 3.5 0.31 4.0 1.36 0.7 106 106 15 19 - 10 84 2.2

3 6.97 3.2 0.20 5.79 0.52 0.046 51 41 9 4 - 7 4 1.8
4 6.63 2.7 0.09 3.86 0.25 <0.01 21 36 5 3 12 53 1.7
.5 11.23 2.3 0.9 3.77 0.62 0.06 57 93 15 12 56 n 2.1

6 14.23 2,0 0.30 3.39 0.35 0.04 41 6 13 10 46 48 2.1

8 15.27 2.1 0.21 3.43 0.46 0.04 46 .72 12 9 -5 _ 48 1.8

9 7.70 2.9  0.3% 2.73 0.75 0.29 119 236 14 19 13 64 1.8
10 ‘

1 14.30 2.5 0.24 1.61 0.34 0.12 40 98 12 11 46 57 2.1

8T
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“In spite of thé addition of 100 ppm Mg -as magnesium sulfate the
magnesium content was ugusually iow in all the subsoil treatments. The
plants from the highest yielding treatment, number 8, contained 0.04%
Mg which 1s in the deficiency range for maize according to Jones (1967).
At these low levels of Mg, however, the results of emission spectroscopy
are not extremely accurate because the precision of the instrument is
only t 0,02% for Mg. Unusually low magnesium contents in Pioneer X-306
maize growing in field plots have been obsorvea by other workers in

Puerto Rico (R. H. Fox and F. Abrufia, personal communication).



EXPERIMENT III

Trial One
The differences in productivity thus far tested had disappeared
completely with sufficient mineral fertilization. In an effort to find
additional cases where a marked difference in productivity existed the
following were compared: surface and subsoil of Los Guineos (Humoxic
Tropohumult), surface soll of Carreras (Aquic Tropohunmult), suyface and
subsoil of Pifia (Psammentic Haplorthox), and surface and two subsoils

of Catalina (Typic Haplorthox).

Methods

The basic fertilizer treatment applied to éach soil (1600 g
per pot) included Zn where a zinc deficiency was.suspected, 270 ppn N,
200, ppm K and 350 to 400 ppm P (Table 6). Pifia surface and subsurface

soil (2000 g per pot) received 320 ppm N and 2C0 ppm K but no P. No

blanket micronutrient treatment was applied. Where necessary, soils

were limed to a pH between 5.1 and 5.7 with an equimolar mixture of

magnesium and calcium hydroxid;s. Two watering regimes were used to
ensure adequate water supply. Three wick-watered and three conventionally ‘
watered pots per treatment were arranged in a Completely Random Design.

| Because of the variable emergence due to inadequate initial
watering of the soil,the plants were hérvested 13 days after the aver-
- age plant height per pot reached 13.2 cm (2Q ;0522fd§yszafter the ini-

tiation of germination). At harvest the,piénﬁsfﬁére;SOTto 71 cm high.

20
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Table 6. Watering method, fertilizer treatment and yield of maize on
eight soils surveyed in Experiment III, Trial One.

Treatment
Soil Watering P Zn Lime»® Yield+
ppm g/pot
Los: Guineos Surface wick ° 350 0 1906' 15.33 g
conv 3% 0 1906 12.73  cdef
Carreras Surface conv 400 18 1119 14,73 fg
wick 400 18 1119 11.27 abed
Pina Surface  conv 0 18 241 14.00 efg
wick 0 18. 241 13.30 defg
Los Guinecos Sub wick 400 18 1906 13.67 defg
conv 400 18 1906 9,30 a
Piiia Sub wick 0 18 393 13,37 defg
conv 0 | 18 393 10.43 abe
‘Catalina Surface ¥ wick 400 0 0 13.07 defg
conv 400 0 0 12,87 def
Catalina = Sub BP  wick 400 0 1184 12.63  cdef
conv 400 0 1184 11.67 bede
Catalina Sgb F wick 400 0 659 9.80 a
conv - 400 0 659 9.17 a

* .
Equimolar mixture of magnesium hydroxide and calcium hydroxide.

+

by Duncan's New Multiple Range Test.

Yields not followed by the same letter are significantly different
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This procedure allowed growth rate to be méasurédéénd‘éliminated‘thé ef-

fect of initial emergence differences.

Results and Discussion

Table 6 shows that in the first trial all the soils except
Catalina subsoil location F é;d Catalina subsoil location BP produced
yields within 15% of the Los Guineos surface soil yield (which was the
highest yielding) under the watering regime most effective for that
soil., Wick-watering was superior for all the soils except Carreras and
Pina surface soils, where low hydralic conductivity at low mgggfure con~-
tents may have reduced the availability of water during high transpira-

tion periods.
Trial Two

Methods

A further experiment was made comparing'the lowest and highest
yielding of the eight soils surveyed in the ‘previous group.

Four levels (0, 300, 300 banded, and 600 ppm) of phosphorus were
applied to 1600 g of the lowest yielding, the Catalina subsoil F. Since
the Catalina subsoil had not previously received any zinc, 36 ppm Zn were
added to each treatment. Two levels of phosphorus (300 and 600.ppm) were
applied to the highest-yielding soil of -the previous trial, the Los Guineos
surface soil, to see if phosphorus fertilization.was optimal., The soils
| weteilimgd-wich an equimolar mixture °f‘¢¢<°“?z and Mg(OH)2 to pH 5.4=5.7,
andlféce;ved 360 ppm‘N and 100 ppm K. thé;piépg ﬁoﬁéﬁw&ré harvested 23

55Y§§dfte:,plantihg;
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Results and Discussion
The oven-dry welghts given in Table 7 show that there was a.
strong response to phosphorus. Banding fhe 300 ppm phosphorus appli-
cation was no more effective than mixing., The yield of Catalina sub- -
goil receiving 600 ppm was almost identical to that of the Los Guineos
surface soili;eceiying 300 ppm P, but significantly less than the Los

Guineos with 600 ppm P.
Irial Three

Methods
It was clear that both soils were still responding to phosphorus
applications. Thereforé another trial was run, using the same soils,
vhich were dried, pooled, and repotted after the addition of 1025 ppm P,
205 ppm K and 47 ppm Mg to the Catalina subsoil and 1132 ppm P, 226 ppm

K and 52 ppm Mg to the Los Guineos surface soil.

Results and Discussion

Results of this.trial, which was part of a larger experiment,
showed that response to phosphorus in both soils was now at or-near
plateau level, and that the yields.on the two soils were not signifi—
' cantly different. Catalina subsoil yielded 20.7 g/pot, and Los Guineos
surface soil yielded 21.6 g/pot after 22 days of growth.

This effectively demonstrated that the previously low subsoil
yield could be brought .to the level of a highly fertile surface soil

by the addition of phosphorus and zinc.
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Table 7. Treatments and yields of maize on Catalina subsoil and Los
Guineos surface soil in Experiment III, Trial Two. ‘

Number of Treatment '
Soil Replicates P Zn Yield+
| — ppu —— g/pot
Catalina Subsoil 3 0 3% 3.20 a
| 3 300 3% 12,57 b
3 300% . 36 13.33 b
3 600 36 16,77 ¢
Los Guineos Surfaée
Soil 4 300 18 16.90 ¢
4 , 600 18 21.15 d

x .
Phosphorus was banded.

+Yields not followed by the same letter are significantly differ-
ent at the 5% probability leavel according to Duncan's New Multiple Range
Test as modified by Kramer for unequal replication (Steel and Torrie,
1960) .



CONCLUSION

‘This Qtudy shows that.differences in productivity of soils ob-
served ihﬁﬁ;évibus experiments were not due to inherent limitations of
éhe subsoils, but arose because of their higher requirements for phos-
phorus, zinc and available water.

As the requirements of mechanized agriculture increase the
amount of land-leveling and subsequent exposure of subsoils in the
tropics, there is a growing neéd to be able to obtain maximum yields
on these soils. The results of this study indicate that with careful ‘
water management, liming and fertilization (with P and Zn especially)
the Oxisol and Ultisol subsoils tested can be as productive as the
surface soils. It will be necessary to conduct field experiments to
determine how high the rates of P fertilization must be in order to
reach near-maximum yields but it can be assumed it will be less than

the 1000 ppm P required in the greenhouse pots (Fox and Kamprath, 1970).
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Greenhouse experiments with maize were carried out to see if
the reported infertility of some subsoils could be improved with mineral
fertilization and efficient watering.

| It was shown that Nipe exposed subsoil was as prodoetive'as
Carreras surface soil when N, K, micronutrients and 600»ppm'Pﬁvere.‘
added and the pots were watered by means of wicks.

Carreras subsoil, when limed and fertilized with N, K, 300 ppﬁ’
P, 100 ppm Mg and 36 ppm Zn produced as well as_Carrerae;earfaee:gorl.
even though it contained only about one-third as muoh organic matter.

A comparison among eight surface and subsoils showed that yields
on limed, liberally fertilized. well-watered Los Guineos surface soil,
Carreras surface soil, Pifia surface soil, Los Guineos subsoil, Pina
gsubsoil and Catalina surface soil were not significantly differentr
However. the yleld on the least productive of two Catalina subsoils
was ooly 642 of the yield on the Los Guineoa surface soil. But with
tﬁeraodition of Zn‘aad slightly over 1000‘ppm P, greenhouse pot yields
" on the two soils were essehtially the same;~ Fieid experiments will be -
aecessary‘to determine optimum P rates uader field eonditions. - ’

It was concluded that the produotivity of aubsoils of the“Uitié
sola and Oxisols studied can be as high as the surface sotls. provided
adequate ‘mineral fertilization (1ne1uding Zn and high P rates). lime

and water management are used.,.
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SECTION TWO

USE OF WICK-WATERING FOR

GREENHOUSE POTS IN THE TROPICS
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INTRODUCTION

' In tropical and subtropical regions a great deal of experimenta— ‘
tion is done with plants growing 1n pots 1n the greenhouse. The high
evapotranspiration rates that occur during periods of intense solar
radiation make it difficult to maintain a supply of water sufficient
for the plant's needs, especially when small pots are used.

Adding water to partially-dried pots often caﬁsesaleakageﬂout,
the bottom of the pot, leaching of soluble nutrients, and inefeased
variability in the expefiment. It is sometimes neeessary7to water
pots three of more times per day which involves a considerable amount
of time. \ '

The method of watering with a fiberglass wick described by Dolar
and Keeney (1971) offers a way to reduce some of these probleﬁs. A,eoni
parison of -conventional watering with a simplified.modification of
Dolar and Keeney's metho@ was made in Puerto Rico in a series of experi-
ments on 10 Oxisol and Ultisol surface and subsoils over a period of 18
months. Oxygee diffusion rate measurements were made in an effort to

assess the availability of oxygen to plant roots under the two systems.
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" MATERTALS /AND; METHODS
ﬁickJQetered’Pots

‘_In the interest of low cost and flexibility, the"methods pro- |

posed by Dolar and Keeney were modified so that the equipment used was
as,aimple as possible.

The pots used were 15 or 20 cm diameter at the top, rigid uhite
plastic pots of 2000 and 3000 ml capacity with four small holes in the
bottom.v An additional hole uas.m21ted through' the center of the bottom
of the pot with a red-hot»14“mn'éalvanized iron pipe. A disk of fiber-
glass insulation blanket was cut with a knife to fit the bottom of the
pot and an X-shaped cut made in the center. Fiberglass wicks 1.3 cm
in diameter and 27 or 33 ecm long for the two pat sizes were prepared
(Wiek.Iype 4608,‘At1as:Asbestos Co., North Wales, Pa.). In order to
prevent fraying otitbefwiek endsuwhen the indiuidual lengths of wick
were cut off the roll, two pietes of transparent tape were wrapped
gide by side around the. wicking and the cut made between them.

The pot to be filled was placed on top of a large-mouth jar
for eupport the fiberglass insulation disk placed in the.bottom, the _
wick insertedrthrough the.erhaped cut in the disk andnthe pre- .
weighed soil poured into the -pot while the wick was held in position .
with one hand. The wick extended to about 5 cm from the surface of |

the soil. After the pot was filled with soil. it was placed on two -

29
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'rods lying across the top of a No. 10 tin can (a cylinder 15 cm in dia-
meter and 17 cm high), so*that the wick extended down into the can which,d
was lined with several polyethylene bags, one inside the other. 7‘V |
In order to easily fill the cans and maintain the level of dis?
' tilled water, a plastic pail equipped with a long watering hose was
'used.. To make the hose, the end of a length of plastic Tygon tubing
was; placed in a flame so that the plastic expanded to form a flange.
The other end of the tubing was then pulled through a small hole cut
in the bottom of a lO liter plastic pail so that the expanded collar
could be sealed in place against the inside of the pail with silicone
~ gealant. Ihis pail was ‘also used to add water directly to the soil
gsurface during periods of extremely high evapotranspiration rates.
Because the hydraulic conductivity drops vapidly as soil dries
out, it is important to keep the wmoisture level in the wick-watered
pot -reasonably high,_or,else~the fldw-of’water from the soil near the
wick to the soil around.fhe roots willlbe seriously impaired.. Under
hot, dry conditions'a great deal of water is transpired by large plants
in the greenhouse. Thus, when plants are'large, and greenhouse temper-
atures 35 C or greater, it is sometimes necessary, particularly for
, heavy clays, to supplement'the water»supplied by wicks by adding water
from above, although with much less frequency than is needed in conven-
‘tional watering. It is also important that the level of water- in the :
‘cans be kept high during these periods. Several methods can be used to.
monitor the water statusvof the wick pots. The most " reliable is to :

weigh the pots in the mid-morning to see if water content has fallen
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below normal- levels and if surface irrigation will be needed before
water uptake rates increase to critical levels. Observing the amount
' of guttation in the ‘early morning. will also -indicate which pots have
an ample supply of water and which may be deficient.

Planting was carried out by placing the seeds in dry soil and
Vﬁatering from above for several days before putting water in the can
‘underithe'pot. This method reduced the possibility of salt damage to
seedlings when high rates of fertilizer were used.

Another method used in certain instances was to put distilled
water in the can and let the entire pot of soil become moist before
planting. This minimized the breakdown of unstable soil granules be-
cause water was never added from above.

The conventionally watered pots were watered to field capacity
one to three. times daily as necessary. As the crop grew, allowance was
made for the additional»weight of the plants in the pots. Field capa-
city was measured by placing air dry soil in an open-ended 6 cm diameter
cylinder 14 cm long, adding water to the top, covering the top with
plastic film, and measuring the water content of the center of the wetted
section after 15 hours.

Split applications of nitrogen were added at intervals through
the~growing period by injecting a concentrated ammonium nitrate solution
ﬁith~3 syringe into the wick at the bottom of the pots.
| ‘After harvesting, tnc plant tops were ovén-dried at 70 C to

' cpnstant‘weight and~the‘weights recorded.



‘Soil Preparation
| The soils (all‘were‘élays except thé.Piﬁa shndy clayxléah)~
' werg'ground in a Quaker City mill 36 that.the‘laxgest,pagticlgé were
4 m in diameter and about 40% of the soil was silt-size or smaller.
The percentage of fine particlgs was desirable because if the amount
- was too‘lpw, there was not enough contact between soi; particles- and

‘water transport through the soil was reduced.

Oxygen Diffusion Rate Measurement

An apparatus forfmeashriﬁg oxygen diffusion rate (ODR) was
constructed according to the plans of Lemon and Erickson (1955). The
platinum microelectrode was 0.644 mm in diameter and 3.9 mm in length.
. It was sealed in a glass tube according to the procedure outlined by
Letey and Stolzy (1964) and the platinum-glass joint coated with epoxy
glue. A carbon electrode was used in place of thé saturated calomel
cell, as suggested by Wengel (1971). A potential of 1.065 volts was
applied across the two electrodes, and the current read after 5 minutes.

To establish a value for very low aeration conditions, oxygen
diffusion rate current measurements were made in a completely water-
saturated clay soil stored in an air-tight container. While the highest
individual readings observed in conventionally watered, well-aerated
épen-structured soils were 16 to 19 microamperes, the average current

in the reduced soil was 3 microamperes.



RESULTS AND DYSCUSSION

Yields

Table 8 shows the yiclds obtained from a number of otherwise iden-
tical treatments when wick-watered and conventionally watered.

Wick-watering ga;e significantly higher yields in six cases and
in one case conventional watering was superior. There was no significant
difference between the two methods in the remaining 17 comparisons. The
instance where conventional watering gave greater yields most likely
arose because supplemental surface watering necessary during periods of
high evapotranspiration rates was inadequate.

The improved growth observed in the wick-watered pots probably
arises from increased availability of water during periods of water |
stress. Acevedo et al. (1971) observad that expansion of maize leaves
was severely reduced at soil-water tensions of ~0.8 bar, which are cer-
tainly frequently encountered in conventionally watered pots. ;n wick-
watered pots, however, the free water level variee from 17 to 27 cm
below the surface of the soil, and water temsion in the pots will be
only -0.02 bar when the soil is in equilibrium with the water below, a
gituation most likely to occur at night when transpiration is ninimal,
During the daytime water tension will be greater. Water content mea-
surements made on scil samples removed from 20 cm.pors immediately after
harvesting in the late morning showed that water content ranged from
70% of field capacity in the tbpiof the pot to 1417 of field capa@ity

in thefbotfbm center of the pot'(Table 9),
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Table 8. Effect of wick and conventional watering on yilelds of maize
 and sorghum grown during: 18 months in the greenhouse.

Average Yield#*

T SO 'Groﬁing Wick Conventional
Soil: . : Crop - Period Watering Vatering
o ' | . . days ———— g/pot
Carreras Surface ; Maize 26 20,13 (3)  13.80 (1)+
Los Guineos Sub Maize 20 13.67 (3) 9.30 (3)+
Carreras Sub (exposed & '
cropped) Maize 26 17.83 (3) 14.20 (1)
Carreras Surface Maize 26 19.97 (3) 17.00 (1)
Pifia Sub Maize 20 13,37 (3)  10.43 (3)+
Los Guineos Surface Maize 20 - 15.33 (3) 12473 (3)+
Nipe Sub (exposed) Maizex 24 13.00 (2) 10.48 (4)
Carreras Sub + 1%
coffee leaves - Maize 26 15.80 (3)  14.10 (1)
Catalina Surface Maize 20 12.63 (3) 11.67 (3)
Humatas Surface + 27 -
coffee leaves Sorghum 19 3.40 (&) = 2.45 (4)+
Humatas Surface Sorghum 19 2.95 (2) 2.10 (2)+
Humatas Surface + o ’
15% vermiculite Sorghum 19 3.25 (2) 2.60 (2)
Catalina Sub Maize 20 9.80 (3)  9.17 (3)
Humatus Surface + 2%
coffee leaves Sorghum 19 2.80 (4) 2.28 (4)
Humatas Surface + , ,
carbon powder -Sorghum 19 2.90 (2) 2.55 (2)
Catalina Surface Maize 20 13.07 (3)  12.87 (3)
Carreras Sub Maize 26 13.03 (3) 12.90 (1)
Carreras Surface ' Maize 26 19.53 (3)  19.50 (1)
Humatas Surface _Sofghum 19 0.78’(4)’ 0.98 (4)
Humatas Surface + 2% * : S '
coffee leaves Sorghum 25 7.18 (4): 7;§8T(4)
Humatas Surface  s¢rgbqh’r 25yv_ .,_2;68 (4) 2.85f(4)k
Pifia Surface  Maize | 20 - -13.30 (3) 14,00 (3)
Carreras Surface Maize 24  11.57 (3)  12.82 (4)
Carreras Surface Maize 20 11.27 (3)  14.73

-
Numbers in parentheses refer to the number of replicates per treatment.
+'W:I.ck-watering significantly superior at the 5% probability level.

¢Conventional watering significantly superior at the 537Z probability
level.
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Table 9. Water contents and field capacity of Carreras surface soil,
subsoil and subsoil plus orgaaic matter from various parts
of wick-watered pots in the late morning.

Water Content

. Subsoil +
Location in Pot Surface Soil Subsoil 27 Coffee Leaves
- ”
‘Top, halfway between
wick and wall 21 33 33
_ Center, halfway between
wick and wall 33 39 39
Bottom, near wall. 35 . 40 40
Bottom, near wick 41 43 48

Field capacity of soil 29 35 37
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Apparently héViﬁgusome'éreaévofrﬁhe pot with water contents

' greater thah~fic1d capacity 1s not harmful.” Yu et al. (1969) found that

maiie, sunflower and barley planted in soil in 43 cm deep cylinders grew

better when the cylinder was half full of water than when it was main-

tained at field capacity, although the differences were not significant.
To further investigate the effects of high water contents on

availability of oxygen, oxygen diffusion rate pomparison measurements

vere made for the two types of watering.

Oxygen Diffusion Rate Measurements

Méasurements'made on po?s in the greenhouse several hours after
wqtering the conventionally watered pots are presented in Table 10,
It can be seen that only a slight difference exists between conventional
and wick pots. However, there is indication that the wick pots have an
area of slightly lower oxygen availability near the center of the pot
at 6 to 9 cms depth. This seems reasonable since some aeration would
be provided in the extreme lower portions by the holes in the bottom of
the pot.

It was originally thought that comparisons with published values -
of ODR could be made. The calculated value of the oxygen diffﬁsion

8 1

rate, in units of 10 g cm-'2 min ~ is 6.1 times the microampere reading,

as derived from the working relationship given by McIntyre (1970):

_ 60 M3 6 2 _, -1

nFA X0

ODR g cm < min
where

i = current in microamperes

M -,molecqlnf:m§8879£ oxygen (32 g per mole)
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Table 10. ODR current comparisons among eight wick and conventionally

' watered-pots.

. Number of Average
Soil and Crop Watering Depth Readines Current
cm ua
Humatas surface soil * wick 6-10 6 10.4
sorghum
conv 6-10 7 14.1
Los Guineos surface soil wick 4-15 8 14.4
maize
conv 7-13 7 13.3
Los Guineos surface soil wick 3-11 10 8.2
malze
cony 5-11 12 10.5
Catalina subsoil wick 2-15 12 12.7
maize
conv 4-9 8 14.2




38

n = number of equivalents per mole of oxygen (4)

F = 96,500 coulombs per eéuivalént

A= afea of electrode in cmz. .
The measurements in the wick-equipped and conventionally watered pots

8 g-ctn"2 min"'1 and are well above the criti-

8 2

range from 27 to 116 x 10

cal minimum values of 10 x 10 = g cm min-l for root growth for corn

‘cited by Letey, Stolzy and Valorous (1965) and most are above the value

2 tn:l.n-1 quoted for maximum root growth. However,

of 40.x 1078 g cn”
Kristensen (1966) pointed out that the plateau im the current vs. voltage
graph which Lemon and Erickson (1955) observed in 2-phase solid-liquid
suspensions was not present in a 3-phase soil system. This means that
the current will be significantly affected by the effective voltage. Rut
because of the resistance of the soil between the two electrodes the
effective voltage acting at the platinum electrode is somewhat less than
the applied voltage measured across the two electrodes, and unless the
effective voltage is known, the current reading will not have much mean-
ing. McIntyre (1970) states that no comparisons with published values
can be made because none of the published critical minimum ODR measure-
ments specify these essential parameters. |

In view of the relatively high currents observed with both types
of watering, and the increased growth generally present in the wick-
equipped pots, it seems clear. that little dahger”of insufficient agera-
rion exists while a healthy crop is growing in the pot and evapotrans-
piration rates are high.

On one occasion a 20 cm wick-equipped pq;_ofjheavy'qlay soil

with very poor structure was left unplaﬁﬁéd ﬁiﬁhfthévw1¢k in water for
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60 days. It developed an area of gleyed soil 1nithe shépé of a doughnut,
about 2 cm up from_ﬁhé:bo;tomtbffthe’pot.‘ This was the onlf observation
of any.such prdblgm.‘

Hewitt (1966) attributed the lack of success of previous wick-
watering methods to the fact that the wicks used (cotton wool, blotting
paper or asbestos) became fouled and clogged and could not supply water
at a high rate. These problems were not observed in these experiments,

perhaps because the fiberglass wick is a more efficient water conductor.



"CONCLUSION .

Plants grown with the.wick-watering technique generally are larger
than those conventionally watered, probab}y because they suffer less v#tetA
stress during periods of high evapotranspiration rates. | . |

Because watering is essentially automatic it 1s only necessary to
add water to the cans beneath' the pots once a day. During very hot periods
when plants are large in relation to the pot size it is also occasionally
necessary to add water directly to the pots. Since conventional techni-
ques require weighing and watering each pot one to three times daily, the
wick-watering method permits a counsiderable saving of time, up to two-
thirds of what would be neceésary with conventional methods. The number
of times the pot needs to be moved i1s also greatly reduced and resulting
damage to tﬁe-plant and soil structure is much less likely.

While slightly more time is needed for setting up.wick-watering
pots and ensuring thot the soil particle s%ze distribution is more or
less uniform from éot to pot, the improvements in yield and.the'great
savings of time (especially when the evapotranspiration rate‘iS'high)

make the method very appealing.



~ SIMMARY.

.Thé use of a“simﬁi;fi?d modification of the w1ékrwatering~method
’éffnolaf;a@g;Kéénéy (1971) was.3howp to increase maize yields in green-
hoﬁéé pétsrover those obtained with conventional watering, presumably
byﬁincreasing the supply of available water. _ﬁater contents in various
parts of the pots ranged from 70Z of field capacity to 1417 of field
capacity. Oxygen diffusion rate measuremegts indicated that sufficient
oxygen was available to the plant rooﬁs. The method permits a consider-

able reduction in the time necessary for watering.
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SECTION THREE
POSSIBLE CAUSES OF LEAF STRIPING.

- OBSERVED IN PIONEER-X-306 MAIZE

43



. INTRODUCTION

vAh5££;é;§ein§l leéf striping of va:jingjintensify bccaéipnaily,
appeared'iﬁ Pioneer Hybrid X-306 maize plants gr6wn in greenhouse poﬁs
and in the field. In accordance with the original purpose of‘the in-
vestigation, to discover what limits to produétivity w;re present in
the surface soils and subsurface soils being studied, a series of
ekperiments was carried out to sece if the striping might be ingicating

some nutrient deficiency or imbalance.
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;7; Interveinal striping was observed in an early greenhouse experi-
ment, and similar striping was observed in apparently vigorous maize o
plents groving 4n'a nitrogen-experiment field in Carreras soil at
Corozal, Puerto Rico. The stripes~were'light‘yellow~in color and oc-
curred between the veins. The stripingyvas most pronounced in the
newest leaves and more prominent‘neer'thefbase'of the leaf. In generel
the bands were most marked in the section'of the leaf midway between

the rib and the leaf margins.
‘Spectrographic analysis of a striped leaf from:'a field plant

rhowed it ccatains 0.03% Mg. According to Jones (1967), less than
0.10% magnesium in maize ear leaves indicates deficiencv. Key et al.
(1962).‘found a similar value for 30 day old maize plants. All the
other elements were present in normal concentrations except K, which
was excessive (4.142). Assuming that the values given by Jones apply
to‘younger leaves, the most obvions possible cause of the striping ap-

peared to be magnesium deficiency exacerbated by excess K.

Methods '

The first series of treatments studied,the’effects of various

\

K-Mg- fertilization ratios on éarrerss subsoil.

nrlantsareceiving these
treatments were grown concurrently with plants receiving the - treatments

described in Experiment II in Section One, and the combined treatments o
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| statistically ahalyzed as a ﬁhole. The details of the treetments are
shown in Table 13, Planting dates, etc., are presented in Table 11,

The magnesium was supplied as Epsom salts.

| Results and Discussion

In the presence of 100 ppm Mg as Epsom salts (Mg8047ﬂ 0), the
addition of only 50 ppm K supplied enough potassium for near-maximum
yields. When no maggesium was added there was a tendency towards re-
duced yields, and the yield on the treatment receiving 300 ppm K and
no added Mg was significantly lower than the -yields on treatments re-
ceiving Mg (Table 12),

Leaf analysis of plants from a pot receiving 100 ppm Mg and 200
ppn K (Table 13) showed that foliar Mg was still extremely low (0.04%2).
It may be -that 100 ppm Mg in the form of Epsom salts was not an effective
source of'Mg in this soil, at least in terms of greatly increasing foliar
ce;tept‘ Phosphorus levels were erratic in the zinc-deficient plants but
in the zinc-sufficient treatments P content increased with applied phos-
phorus to 0.30% at 300 ppm P added, which is within the sufficient range
for maize according to Jones (1967). Zinc content was deficient at all
levels of phosphorus when no zinc was applied, but at 36 ppm Zn the
| plant content was sufficient at the 200 and 300 ppn P treatments. It
is interesting to note that the treatment with O Mg, 300 ppm K and 300
ppmsf (treatment 8) had a phosphorus contene in the deficiency range
'and;the:tfeetment recelving 200 ppm P, 0 Zn and 100 ppm Mg (Treatment
10)fshbwedkexcessive calcium content. These emission spectroscOpy‘
measutements were unreplicated so the possibility of error can not ‘be:

eliminated.



 Table 11. . Details of planting and fertilization for Experiments IV, V, VI and VII.

Mg‘(OH) 2» PP

Los Guineos 1250
Catalina 290

Experiment , S
IV \'J - VI = oVIT .
tarting Date 29 Feb. 1972 25 Sept. 1972 6 Oct. 1972 22 Nov. 1972
Growing Period, Days* 24 23 22 E_v;ngj
Soil Used per Pot, g 1600 1600 {?os Guineos 1415 = 1565
' g : Catalina 1565. R
Experimental Design' RCB . CRD CRD ‘CRD.
Incubation Period, Days 22 5 0 -0
Seeding pregerminated direct direct dirét; '
Replicates (all wick 3 fLos Guineos 4 4 2
watered) Catalina 3 ‘
Elanket Fertilizer '
Applications
Los Guineos 463
N, Split, ppm 330 360 Catalina 418 18@ ’
P, ppm varied varied varied 147
K, ppm varied 100 205 185
reatment 10 0O »
Mg as Epsom salt, ppm Others 100 0 47
S Top none Los Guineos 1600
Ca(0w),, ppm Sub 2770 Catalina 368

Measured from planting or initiation of germination where pregerminated seed was used.

RCB Random Complete Block; CRD = Completely Random Design.
Number of days fertilized soil was kept moist before planting.
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Tableblz. Effect of fertilizer treatment on yileld and leaf striping of
malze grown on Carreras surface and subsoil in Experiment IV.

Treatment Fertilizer +
Number Mp K p Zn Cu Striping* Yield
ppa g/pot
Subsoil
1 100 0 300 36 21 8 12.73 defg
2 100 50 300 36 21 3 14.80 g
3 100 200 300 36 21 4 14.23 fg
4 100 200 300 36 0 4 15.27 g
5 0 0 300 36 21 1 10.93 cdef
6 ) 100 300 36 21 1 10.87 cdef
7 0 200 300 36 21 6 12.93 defg
8 300 300 36 21 5 9.63 bed
*9 100 200 100 0 21 P~def 4,60 a
10 100 200 200 0 21 Zo~def 5.60 a
11 100 200 300 0, 21 Zn-def 6.97 ab
12 100 200 100 36 21 P-def 6.63 ab
13 100 200 200 36 21 3 11.23 def
14 100 <J0 300 36 21 2 13.33 efg
plus 1Z dried coffee leaves
.Surface Soil
15 0 100 300 36 21 4 14.30 fg
16 100 100° 300 0 21 . Zn~def

7.70 abce

* . - .
0 = no striping; 9 = severe striping.

+Yields not followed by the same letter are significantly different
at the 5% probability level according to Duncan's New Multiple Range Test.



iT%ﬁi?;lj;r,B&liﬁtganalyses of maize from Experiment .

Treatment . =

" Number

Ca

Mg

Fe

SCHC R T

10

12

13
;syi

16

2.0
2.1

2.2

T 2.4

2.9

3.5
3.2

2.7

2.3
2.5
2.9

0.20
0.21
0.21

0:10.

0.12

o 0.31

0.20
0.09
0.19
0.24
0.34

3.39
3.43

" 3.53

4.27

4.70

5,79

3.86
3.77
1.61

2.73

0.35
0.46
0.57
0.16
0.65
1.36
0.52
0.25
0.62
0.34
0.75

0.04
0.04

. 0.03

0.01
0.05
0.17
0.04
<0.01
0.06
0.12
0.29

41

46

49
14
69
106
51
21
57

40 .
119

69 -

72

33
57

106

41
36
93
98
236
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Eiﬁé*ééﬁefity‘Of51éaf'stri§1ng increased when high'rafaﬁ'of[poﬁhh—
siun were applied to soils not receiving magnesium, but it was still
_présentrin the zero potassium, 100 ppm Mg treatments. The 1ntgn§1ty of

leaf striping did not seem to be related tec yield.



. iﬁcﬁmmmr v

A second experiment was carried out, again comparing the effects
of fortilizer K Mg ratios on X—306 maize, chis time in- the absence of

added Cu.‘

| Methods
The soil used was Catalina subsoil. Additional treatments
(described in Section Onme, Experiment III, Trial Two) comparing the ef-
fects of Zn and phosphorus were included. The results of the whole
experiment are presented in Table 14, Planting details are described
in Table 11. The magnesium in this experiment was provided as magnesium

hydroxide in the liming material rather than Epsom salts.

Results and Discussion

Table 14 shows that the use of a high Mg:K fertilizer ratio hud
essentially no effect on.reducing striping or increasing yield. Emission
spectroscopy values for foliar analysis (Table 15) show a Mg level of
0.55%, which should be more than adequate., Apparently magnesium hydzroxide
is an effective source of Mg on this soil.

A strong response to phosphorus is evident on both soils. There
was less striping on the very stunted phosphorus-deficienc No. 12 treat-
ment. Increasing the amount of zinc applied on the 300 ppm P treatment

from 36 to 55 ppm Zn did not reduce striping.

31
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¢sble 14. "T?ég;m‘eﬁ:s"',,yields and striping of malze in Ekpefiﬁi'en: V.

Fertilizer 1:

trcntment, | Mg K Zn P St:riping+ Yield

- ppar g/pot

Catalina Subsoil .

71 0 Mg-2K 0 ‘200 36 300 3 11.47 b
2 1 Mg-1K "1210 100 3 300 3 12,57 b
3 2 Mg-O0K 242 0 36 300 5 11.63 b
4 3 Zo-OP 121 00 36 0 1 .2  a
5 3 Zn-3P% 121 100 36 300 3 13.33 b
6 3 Zn-6P 1210 100 36 600 4 16,77 ¢
7 5 Zn-3P 121 100 55 300 4 12,43 b

l.o‘s Cuineos Surface Soil
8 LG-3P 526 100 18 300 4 16.90 ¢
9 LG-6P 524 100 18 600 5 21,15 d-

*Phosphorus was banded.
*0 = no striping; 9 = severe striping.

i\'ields not followed by the same letter are significantly different
ot the 5% probability level according to Duncan's New Multiple Range Test
48 modified by Kramer for unequal replication (Steel and Torrie, 1960).



Table 15,.;:~_Foliar analyses of maize: plz;nts, from Experiment V.

g

Treatment =~ - P K - Ca Mg Mn Fe B. “Cu. ' . Za

— - T:p‘pn} —

1 OMg-2k .19 2.28 .40 a2 130 100 21 17 | g
2 Mok .18 116 .40 .57 186 145 12 . 19 53103 47

32-0P .14 3.02 .55 .35 202 92 12 18 78 - 90’

3
4

6 3zeer .20 125 46 .28 226 100 10 15 40 14 3.9
8f Lc-3P  ~ ‘;“~ ;éa\ 7;239}' .24 .36 u;,ss_ B ;bzf= 18 zz~§:_4 4jfjf“:fgg;;g;{‘" o
: ol ; ; | , | ,

s mee .6 136 .2 .2 65 108 16 16 478 a9

rores wimenm oy
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‘The results of this experiment tend to indicate ‘that. varying

36 to 55 ppm.



‘;EXPERIMENT VI

o ‘Bccause varying the magnesium level did not reduce striping it,
seemed that the symptom might be more directly related to another ele- :
_ment. Therefore treatments of B, Fe, Cu, Ca(Ou)z, and P were applied
to Catalina subsoil. One pot planted with Puerto Rico Mayorbella maize;

vas included to see. if striping would develop on it.~-

| o Methods‘ |

The soils fron thekprenious pots were pooled and repotted. »The
Catalina subsoil had received in the previous trial 300 ppm P, lOO pPpn
. K, 121 ppm Mg, and 36 ppm Zn, and the Los Guineos 450 ppm P, 100 ppm K,
524 ppm Mg, and 18 ppm Zn. | |

After adding a new blanket treatment. of 512 ppm P, 205 ppmn K
(as K2804), and 47 pprm Mg (as Epsom salts) to the Catalina~subsoil,
fiﬁevtreatments designed to clarify the cause of the intetveinal &el—
lowingiwere imposed: 0.6 ppm boron as boric acid; 38 ppm iron as
sodium ferric diethylenetriamine pentaacetate; 2.6 ppm coppet as-
copper}sulfate; 1405 ppn Ca(OH)z; and 512 ppm phosphorus’additionaly
as monocalcium phosphate monohydrate. | -

The Los Guineos surface soil received a blanket application of;
226 ppm K (as potassium sulfate), 52 ppm Mg (as Epsom salts) and two P

treatments: 556 ppm and 1132 ppm P,



| Results and Discussion ;>'

Table 16 shows that the phosphorus response of both soils is
near plateau level, | |

The interveinal striping was exacerbated by iron ehelate and -
high levels of phosphorus. Apparent1y~it'did not . interfere with high
yields, since the striping was -severe in the high-yielding high phos-
phorus treatment. But the application ‘of iron. chelate reduced the
yieid.-z

'fhe°eauseeof the striping may have been related to a gemetic
peculiarity OfJPioneer:Xf306'aince it was not observed in the Mayor-

bella maize cﬁitivar'receiving essentially the same treatment.


http:application.of
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Taﬁie:16;; Treatment, yleld, pH and striping observed on maize.in
4 ‘ Catalina subsoil location F and Los Guineos surface soil
in Experimeat VI. :

Treatment L P added Yield* pH Stribing
-~ pm . glpot B

Catalina Subsoil F

~ Fe (38 ppn) o Aiifif%f§z§ g12117;§éfff§fifJg 5.25
Ca(0H) (1406 ppm) "f!jf;};5§§5j{§}ié}55;f:§5f, 590
6w S0 145 e 50
B (0.6 ppm) o f;'gjséq;j~?gzd;zéff;aba  5,04
P o ams. 200 be sl

P I " BTy

Mayorbella Maizet 600 1710 -

Los Guineds Surface Soll

16-5 566 20.74 be  5.25 2
L6-11 1132 2159 e - 2

%
Yields not followed by the same letter are significantly differen
at the 5% probability level according to Duncan's New Multiple Range Test
as modified by Kramer for unequal replication (Steel and Torrie, 1960).

+b = no striping; 9 = severe striping.

One replicate of Puerto Rico cultivar Mayorbella. All other
pots were planted with Pioneer Tropical Hybrid X-306.



EXPERIMENT viz

. From the key to nutrient deficiency symptoms presented by Krantz
and Helsted (1964). deficiencies of Zn, Fe, B, or Mn seemed possible
causes of the striping. Since additions of zinc, iron, and boron did
not cure the symptoms, this experimént was carried out to see if an

application of manganese would reduce the chlorosis.

cew

Methods

The pots from the'ited:end phosphorus treatments of the previous
expetiment:yere'ueed. TheSe‘tteetﬁents showed the highest incidence
of ettdbing. o | |

The soii was broken up in the pots and seeds of Pioneer X~-306
tropical hybrid maize planted. Half-the pots in each of the previous‘
two treatments received 4 ppm Mn as Mh012'4H20, added with the nitrogen
in the.irrigation water,

On the eighth day after planting 147 ppm P and 185 ppm K were
~added to each pot as KHzPOA. Fourteen days after planting a 2% MnCiéo
4H 0-1% lime suspension was sprayed on the leaves of the Mn treatment

pOtSo .

Results and Discussion
The final observations (shown in Table 17) were; made 22 days

aftervplanting. At that time all plants showed a moderate amount of
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‘Teble 17. Height and striping of Pioneer X-306 maize plants in

v
oy N. .

Previous Treatment | . Mn Addition S"tvrip;ing* ' Height _

, 73.9

38 ppm Fe

. 38 ppmFe A 75.2

S N

ke
| | o
125 pmr o s

%0 = no striping; 9.= severe striping.
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striping., No clear-cut difference emetged‘as“a result of the Mn appiié
.cations. | | o |
Thia was not a definitive test however. ‘While 4 Ppm Mn applied
to the soil is a recommended rate, it is valid only if banded. Murphy
and Walsh (1972) indicate that broadcast applications should be roughly
‘ten times higher. It wou1d~also'have been better to have used a chelated
:manganese source for the foliar applications and to have started Spraying

the plants-at an earlier stage.



| ";céricr-v'smrisf

The striping observed in x-306 hybrid maize occurred mos: s:rongly'
jvhedllevels -of phosphorus fertilizatiun were high or chelated 1ron was ;
added to the soil. Large applications of magnesium and~high‘rates of
zine fertilizer did not alleviate the striping. |

- The exact cause of the striping is unclear but: appears to. be a
peculiarity of this maize cultivar as it did not occur- in Puerto Rico
Mayorbella maize. Since it is apgaren;ly not~asso¢iatedwvith reduced

yields, further research into-its cauee‘is probably unwarranted.

0



SUMMARY

: Intereinal‘yellowingfof new leaves on Pioneer X-306 maize
p;énts wasvpbserved in the field and greenhouse, Foliar analysis showed
low Mg (0.04%) and high‘ﬁ (4:14%) content in the affected leaves of the
field plants. An expefiﬁent on Carreras subsoil showed that yilelds were
reduced when 300 ppm K and no magnesium Qas added but that striping
still existed in plants growing on soil receiving 100 ppm Mg ‘as magnesium
sulfate and no K. Foliar magnesium content remained very low in these
leaves, indicating that ﬁagnesium sulfate might be an ineffective Mg
source.,

When Pioneer X-306 mﬁize was grown on Catalina subsoil, which
has 107 ppm exchangeable Mg (2.5 times as much as the Carreras subsoil),
varying:the K:Mg ratio from 200:0 to 0:242 increased striping slightly.
The leaf Mg content was 0.57%, so apparently the striping in the upper
leaves was not related primarily to Mg deficiency.

Subsequent trials on the same soils showed that stripiné 1ncreased.
greatly when 38 ppm Fe in chelated form ﬁr 1000 ppm P as calcium mono~
phosphate was added to the soil, The iron addition caused a significant
yield decrease. The addition of 2.6 ppm Cu, 4 ppa Mn, 0.6 ppm or suf=-
ficient caleium hydroxide to raise the pH to 5,90 did not alleviate
the striping. .

However, little striping was observed in a Puerto Rican maize
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cultivar, Hayorbella. and since very high yields were obtained from
,the maize growing on Catalina subsoil receiving 1000 ppm P, perhaps
3the striping is a genetic peculiarity of x—306 maize of relatively

'little importance,

63



SECTION FOUR

INVESTIGATION OF THE ROLE OF ORGANIC

MATTER IN SOIL PRODUCTIVITY

6h



. INTRODUCTION

f?1Vf:ifﬁiégithiﬁfﬁyétiqueféiigtsfaboﬁé'thé,tole of organic matter in
o B

| The use of 2% partially decomposed coffee leaves greatly in-
creased productivity on‘a Humatas surface soil in greenhouse experi-
ments (Santiago, 1972). The productivity of Los Guineos (Epiaquic
Humoxic Tropohumult) surface soil (10.7Z organic matter) is regardgd
as unusually high, and is locall§ attributed to the possible péésénce
of* plant-stimulating hormones.
| Subsoils generally have a lower organic matter content than
surface solls. When subsoils are exposed, either through land~-
leveling or erosion, a considerable period of time is required to
build up the organic matter level. In some clayey subsoils water
pariagement -is difficult, but in many cases where there is a high iron
and aluminum aesquiomide.content the structure is good. In such soils
it ig particularly important to know if the increased producti§ity
usually associéted with organic matter can be obtained with mineral
fertilizers alone.

Therefore several experiﬁents were carried out to investigate
the possibie relationship of‘high’organic maﬁter content to increased
yieldé, and to attempt to duplicate the effects of organic matter with
: ﬁ;nérai fertilizers, with the expectation that micronutrients might be -

of particular significance.‘
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EXPERIMENT VIII

Five Carreras soiis vere collected from the Corozal, Puerto Rico
site used in the Cornell-AID project. In a nitrogen experiment described
by Fox (1972), marked differences in productivity at the same level of
nitrogen had been observed c¢n different areas of a field varying accord-
ing to the amount of subsoil mixed in with gurface soil (R. H. Fox,
peraongl communication). The purpose of this experiment was to ascer=-
tain what factors were causing the low yields on the exposed céopped
subsoil. Characteristics of the soils are shown in Table 18.

Because the subsoil had low Bray No. 2 phosphorus and low
orgenic matter, phcsphorus was added to the soils., Pure subsoil and
pure subsoil mixed with 2% dried ground partially decomposed coffee

leaves were included in the experiment.

Methods

Four pots of each soll were prepared following the procedure
described under General Methods in Section One. The plain soil was
limed with 2770 ppm caleium hydroxide and the subsoil plus organic
matter received 2450 ppm calcium hydroxide (less was used because of
the neutralizing power of the coffee leaves). A blanket micronutrient
appliqation was made which supplied 4.7 ppm Fe as sodium ferric diethy-
lenEttiamihe pentaacetate, 2.3 ppm B as boric acid, 4.7 ppm Zn as zine

sulfate, 8 ppm Mn as manganese chloride, 5 ppm Cu as copper chloride
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‘Table 18. Characteristics and greenhouse maize yields on three Carreras surface soils, Carreras
o exposed cropped subsoil, buried subsoil and buried subsoil plus 2Z coffee leaves.

Previous +
Field Fertilizer* Initial Available
Soil Productivity N » K Mg PpH P oM Yield*
kg/ha —————— PpPm Z g/pot

Surface Soill Location .
1 . High 450 20 - 280 112 5.4 23.8 4.06 19.52 a
2 . .High 430 310 308 168 5.7 ~20.3 3.46 19.22 a
3 o Medium 231° 310 308 168 5.4 245 3.66 18.55 a

Subsoil

" Exposed cropped I T ORI R B T ISR I S e £
subsoil : a'jy{;’;;qu«;: y;*‘?”231‘;3;0;' 308 168 5.4 146 o ﬂ3.02j§16592 !f?b;;
Buried subsoilj+£?‘ 'fﬁf"‘?‘5"i:7"‘v' L Co T T o -
2% coffee leaves . == T am’ == e : K 3"g.’f4? S

Buried subsoil SR — 4t." - j-— C - - . fﬁ{ﬁ":m 'gQ12;1éf::€jf?7i,“ﬂf

* — - . PR
Amounts of fertilizer added to- the field duting the previ
Bray No. 2 available phosphorus.

iilelds not followed by the same letter are significantly diffetent at the 5z prdbability level
according to Duncan's New Multiple Range Test.
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snd»0;09 ppm Mo as ammonium paramolybdsce. 'In sddition,TSO\ppm‘ﬁg'uere
supplied as Epsom salts, | | B \

Three replicates were wick-watered, ‘according to the technique ’
described in Section Two of this thesis.h The remsining pot was con— B
ventionally watered to field'cspecity. Details of planting»are'given

in Tablc 19,

e : Results and Discussion
‘~ Plant top weights are shown in Table 18. The yields on the

thfee;surface soils were similar and all significantly higher than the
yield‘on the subsoil. The ylelds on the exposed cropped subsoil, and
the subsoil plus coffee leaves were intermediate between the pure sub-
soil and topsoil yields.

Yields were roughly proportional to both amount of organic
matter and Bray No. 2 phosphorus in the original soil.

i Plants in all the treatments showed “"white heart" symptoms of
zinc'deficiency (a bleached area in.the lower half of the leaf, visible
as the young leaves come out of the whorl), although in the three pure
surface soils the symptoms were not well developed. The pure subsoil
and subsoil plus organic matter plants also had a strongly developed
leaf”sttiping in the upper leaves. |

While the zinc contents for the subsoil treatments,»shopn in
Table 20 are not particularly low, the prescnceiof "white Heart“i
symptoms suggcsted that the application of ) ppm Zn- may have been
insufficient and that zinc dcficiency might be reducing yields in the

subsoils. Lutz and Jonss (1971) noted zinc deficiency symptoms in



Tsble 19;-ﬂpg;giIQjoffﬁléntiﬁgxhﬁdﬂfé:tilization for ExperimentsrVIII;}XQTXiig#&:in.

Experiment

VIII

X

XTI

XI1L

Starting Date o
Growing Period, Days,
Soil Used per Pot, g
Experimental Design®

Incubation Period, Dayé*rf -

Seeding

Replicates conventionally;' S

watered

Replicates wick-watered:
Blanket Fertilizer

N, split, ppm

P, ppn

K, ppm

Mg as MgSO4-7HZO, ppm

13 Oct. 1971

26
3200*
RCB
0.
ddreet

300
300
200
50

15 Sept. 1972
19
1350
CRD
'.L9f

BT B

96

12 Oct.

25
1350

" CRD
o drect

1972

21 Nov. 1972
19
ca.1l175
cro
0
direct

"ouz 43

OW 2

oM, 4
o 3
° :

Case

20

_ ffkff;lso:as sulfate
w0

xPot size 20 cm diameter.

RCB = Random Corplete Blocck; CRD = Completely Random Design.

ucber of days fertilized soil was kept moist before planting.

aOI = 2% dried partially decomposed coffee leaves added; OH

69

= no organic matter addedi§ﬂ'




Table 20. Foliar analyses of maize plants from Experiment VIIL.

‘Fe

Zn

’ Soil~~5

 Surféce 3611>#15‘3’a

Exposed cropped
gubsoil

Buried subsoil +
2% coffee leaves

Buried subsoil

0.41
03
0.33

0.24

.’4‘32‘A.

4.02

5.34
3.93

0.69

0.16
10412

0.22

0.17

133
97

- 246

183

~150‘
93

113
124

31

23

- 28
3%

ppPMQ

17

16

. 24”
32

28

36

U

,,57 z,ff

57
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maize plants at silking on plants growing on a Typic Hapludult, Tatum
silt loam. Foliar analysis showed: that the symptoms occurred in plants
'with 27 ppm 2n. This value is eomewhat higher than the "low" value

of 11-20 ppm given by Jonee5(1967).

o ' .Conclusions

This experiment indicated that - yield relationships observed
;in the field could be reproduced in the greenhouse.

| ‘ In a succeeding investigation, Experiment IV, described in

Section Three, the yield on the pure subsoil increased to that of the
surface soil when 300 ppm P, 100 ppm Mg and 36 ppm Zn wene added. The
‘typical zinc deficiency symptoms disappeared in the high zinc treatment'
but the striping in the upper leaves persisted.
»;_ ‘The yleld increases observed with the addition of 22 dried
f:eoffoe leaves (which contained enough Zn, Mg and P to supply 44 ppm P,
.i60 ppm Mg and 0.7 ppm Zn to the eoil)’was probably related to inoreasing

- the amounts of these elements available to the plants.



" EXPERTMENT jj:x,,i

Cachaza (filter-press cake or filteteptess mud) 13 a: by-product;f1 
of the sugar cane industry produced in large q 3&:1:1@3 each year.
Samuels and Landrau (1955) reported that it contains on the average ‘
2,194 N, 1.,21% P, 0.36% X, 2,18% Ca, 0.30Z Mg, 0.11Z Mn, 0,73% Fe,
0.003% B, and 39.5% organic matter.

Landrau and Samuels (1955) reported that 20 tons per acre ef
cacﬁaza significantly improved yields of Plamar tomatoes on Coto clay -
(Tropeptic Haplerthox) even when 99 kg/ha P, 189 kg/ha K, and 114 kg/ha‘
of N were also added. Samuels and Landrau (1955) studied responses to
cachaza and found that filter press cake plus mineral fertilizer in-

creased yilelds of tuniers (Xanthosoma atrovirens) on Lares clay (Aquic

Tropohumult), and peppers on Juncos clay (Inceptisol), compared to minetal
fertilizer alone, but that in nine other instances there was;no signifie%;
cant :eéponse to the addition of cachaza. |
| Cachaza is regarded as a valuable soil'amendmen;;epettiepleii?t ‘
by the home gardener., | g
’ 'Heehods
To see 1£ any yield 1mprovementswould be observed in the vety“
‘loe organic matter Piﬂa subsoil (Psammentic Haplorthox), a gmall com-

parison was run concurrently with Experimenc IIX, Trial One descritad

in Section One. using the same procedurcs. Three vickrwetered.ppgsiﬁ 
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of Pina aubsoil (2 03A organic matter) treated with 22 dried filher f .

|. 5

preas cake, were compared with three pots of plain subsoil.‘ Both sets ;

of pots received 18 ppm Zn and 80 ppm‘Mg,dszmagnesium hydroxide,“as ,f“

1 N
L4 P

vellpas 320 ppm N and 200 ppm K. f,ﬁ:g““’i_Qi“j‘f, mx.'@f‘ ﬂ;t e
SR Sk P

B o, .
O

Results and Diseussion i o 2l
',s\,‘,' - A0

The yield on the caehaza-treated pots averaged 13 7, gm/pot,

while on the plain soil the yield was essentially the samey 13.4 g/potn
The effects of eachaza observed by the other workerq may huue ,,

}---‘, HIR

been: caused by a ehange in the physical structute of the pail which ;'$
vould have raised the water-holding capaqiu}.v?r;uay have/arisen from
increased supply of some mieronutrient deficienkiln tb: ﬂriginal‘soil.
Apparently neither of these imprcvements was necessary‘inkche Piiia

" i
_‘,- " 0

This agrees with the resulgs of Lug0~hopéz et al ngSﬁ) .

D o R e R
who found that on several Oxisols (Catal*na cfay {Jvcan ic H:plorthok)
/ - *

Coto clay (Tropeptic Haploxtno ) and Ba;amon'silL? elay (Trepeptic

.1 [ )

Futrorthox)), which were tho'snt be in nrga al mutter equilibrium,

- der s

the addition of filter-presaﬁtake wgq»oniygbeneiiciei%in redueingﬁ,
: R P IONA

erosion,



EXPERIMENT X

In order to investigate the beneficial effect (56% greater yield)
of organic matter on sorghum grown on Humatas surface soil observed by
Santiago (1972), an 1nitial trial was set up to test the effect of watér-
ing with different methods (wick and conventional) to see if water defi-

ciency. may have‘réduced yields in pots not receiving organic matter.

Methods

Humatas surface soil (Typic Tropohum}llc, clayey, kaolinitic,
isghypegﬁﬁermic)was coilected from the same site as the soil used by
Santiago and received approximately the same blanket fertilizer that he
used (96 pém K as potassium nitrate, 96 ppm N as ammonium nitrate and
potéSéiﬁm nitrate, and'a.micronutrien: solution supplying 10 ppun Mn
as'Mhdi~F4H 0, 5 ppm Fe as sodium ferric diethylenetriamine pentaacetate,
2 5 ppm B as H3B03, 5 ppm Zn as ZnSO4°7H 0, 0.5 ppm CuSO4-5H20 and 0.1
ppm Mo as H2M004-H20). The plain soil treatments (04 ) wvere limed with
2850 ppu Ca(ou)z‘and the organic matter treatments (OMZ) were limed with
2140 ppm Ca(OH)z;and'also received 27 organic matter (the same dried
ground partially-decomposed coffee leaves used by Santiago). The pH
of both soils was -approximately 5.0 after harvesting.
i To gain further information about the role of organic matter,

- the o:iginalggoils'which had received these treatments and were used
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: in Santiago s experiment in 1971 were. removcd from the pots, dried,
'broPen up by hand, and placed in wick-equipped ppts.: Just before plant-fi
ing, 330 ppm N, 100 pom P, and l35 ppm- K, as K, P04 and ammonium nitrate;
-dn solution form were added;to each pot. Ten days after planting an
‘additional 114 ppm N was applied. These soils madeiup-treatments
OM -'71 and OM,~'71.

- In each of these trials 12 seeds of grain sorghums (Sorghum
Eigglgg (L ) Moench cv. R867l) were planted and later thinned to six
vplants per pot. In an effort to ascertain the cause of interveinal
Btriping~pbservcd after 8 days in Treatment OMo pots, 200 ppm Mg ae
Epsom salts were added -to half the pots of the conventionally watered

eOMo treatment and half the pots in the OMO-'7l treatment,

Results and Discussion

As shown' in Table 21, wick-watering had 1little effect compared
to the effect of organic matter. Organic matter addition increased
yields by 317%,

hPresumably this effect was not related to phosphorus fertili-
zation because both the replanted treatments originally used by Santiago
(0H°~'71 and OMZ-'71) received 100 ppm P for the first time in this
,experiment and still the pots receiving organic matter greatly out-
yielded the plain soil.

Published foliar analyses for estimating deficiencies are less
»available for sorghum than. for maize, Owens and Furr (1967) published
«foliar contenta for five cultivars of forage sorghum growing on Pullman

i

: silty clay loam of medium fcrtility and pH 7 2. with and without small



‘Table 21. Treatments and yields of sorghum
S leaves in Experiments X and XI.

Experiment X

grown on Humatas topsoil with and without added coffee

Experiment XX

S PH After Aqueous Coffee :
Treatment Harvest Meant Ca(0H) 2 Leaf Extract Meant
o g/pot pPPR g/pot
Oﬂb-—t‘.onv a 4.95% 1245 0 5.60
b 4.90% 0 0 4,92 5
c - 4.90 o 0 4.85 8 -
d 4.92 1245 0 5.71 4
’ 0.98 a 2.88 a
O!Xo-wick a 5.03 1245 0 5.71 8
b 5.00 1245 0 5.62%% 8
c 5.09 0 0 4.85 5
d 5.10 0 Yes 4,96 6 )
» 0.78 a : 2,68 a-
~OM6-'-71 a 4.79 1421 0 5.02 3.3
wick b 4.75 0 Yes 4.92 2,2
e 4.69 1421 0 4.80 3.9
d 4.64 0 0 4.80%%% 1.6
0.75 a 2.75 a
OHz-conv a 5.00 v 0 5.08 7.5
b 4.94 0 0 5.02 7.6
c 4.92 0 0 5.03 8.1
d -— 0 0 5.06 7.5
2.28 b - 7.68 b

9t



Table ‘21. Continued.

Experiment X Experiment XI
N pH After 4 ' : Aqueous Coffee ' 5 R
Treatment . Barvest Yield Mean™ Ca(OH) 2 Leaf Extract . pH Yield Meant.
Tl T ' g/pot g/pot ppm - gfpot  g/pot
of,—wick - a 5.10 2.4 0 0 4,70 8.3
b 5.08 3.0 0 0 4.82 7.0
c 5.10 2.6 0 0 4.82 6.9 |
- d 5.11 3.2 2.80 b 0 0 4.72 6.5  7.18 b
‘onz-'u-: . a 470 3.4 0 0 4.30 42,9
wick b 4.63 2.0 0 o 4.22 204
c 4,72 3.6 0 - 0 ‘4.35. . 3.8 . |
d 4.58 2.5 _ 0 0 4,00 1.6 oo
: 2.88b : . T 2.68a

* M . . .

200 ppm Mg as Epsom salts added ten days after planting.

100 ppm S as potassium sulfate added four days before harvesting.
*x

0 7 ppm B as boric acid added four days before harvesting.

Heans ia the same column not followed by the same letter are significantly different at the
52 ptobability level according to Duncan's New Multiple Range Test.
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additions of chelated micronutrients. They reported that the additions
had no effect on yield or foliar mineral conteﬁt, but that variations
dué to cultivars were important. The'hiéhest an@ lowegt of these pub-
1ished values are shown in Table 22, along with spectrographic analyses
of sorghum plants grown in Experiment X. Also presente& are the spectro-
graphic analyses obtained by Santiago (private communication) for sorghum
plants growﬂ on Humatas soil receiving treatments similar to those
applied to the soils in Experiment X. 1In addition, the levels for de-
ficiency and excess in maize cited by Jones (1967) are included for
comparison. The maize values are for the ear leaf at silking. |

The higher yielding organic matter treated planté showed higher
contents of Mg, K, Mn and Mo. The likelihood that Mn deficiency was
causing the difference seems slight as the levei of manganese was high
compared to that of the published maize and sorghum values. Potassium
values were likewise relatively high compared to the values for maize.

The additiomn of Epsom salts to supply 200 ppm Mg late in the
first trial had, if any, a depressing effect on yield. The same pots
showed no special change in the second trial either. It would appear
that no response to magnesium or sulfate existed, unless the magnesium
sulfate was not very avaiiaﬁle. |

The lack of response to Mg is somewhat surprising because the
foliar analyses indicated that the level of Mg in the leaves was low
and was inversely prOportiohal to the yield. The average Mg content
of sweet sorghum fodder given by Morrison (1948) 1s 0.31% Mg. None

Ofﬂthe~ono»treatment leaf contents was even one~third ‘of this.



Taﬁie'zz;‘

Santiago on soils

Foliar analyses of grain sorghum plants from
receiving similar treatments forage

'1967) and maize plants (Jones, 1967).

Crop

Ca

. Fe

Experiment X, grain sorghum plants grown by

sorghum plants (Owens and Furr,

Grain Sorghum

oM, - wick e

0M6-'71v a

oM -Santiagok-
omi wick a

oM, ~'71 ',c"-~5

2
OHé-Santiago

Forage Sorghum
Range from
to

Maize
Deficient

Excess

1.19

1.30

2.45 .

3.75

0.27
0126
.25

0.27

0.20

0.13
0.17

0.15

0.50

2.62

:2;48

3.98

3.15
3.44

3.69

1.65
2.42

1.25

2.50

0.47
0.37
0.60
0.36
0.38
0.46

0.18
0.23

0.10
0.90

0.09
0.07
0.15
0.16
0.20
0.16

0.20
0.22

0.10
0.55

112
154
239
200
245
276

35

43

200

106
105

147

143

101

137
178

10

'350

20 :

23

11

20

35

ppm

17

‘19

17

13 .

50

=
?165”'
23 :ééff;;
a1

s
f’15?5ﬁ9
o
78 3.
;;kbéi?§5

o2
31

100

.,kégefeif?;z‘

e fa;o
C2.s
3;3 4[

2. 6}

 never
400 -

6L
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Adams and Henderson (1962) found that Sudangrass (Sorghum vulgare)

‘growing on low cation exchange capacity solls where Mg made up less than
;‘42 of the exchangeable cations was magnesium deficient. In Santiago's
'soil,'only 3% of the exchangeable cations were Mg, although the total
e#changeablé magnesium content was several times larger than that in

the soils used by Adams and Henderson.

- McColloch et al. (1957) found that citrus became chlorotic due
to Hg deficigncy when the goil ratio of exchangeable K to exchangeable Mg
exceedéd 0.4 to 0.5. The ratio in the original soil used by Santiago was
1;47 (0.47 me K/0.32 me ﬁg iﬁ 100 g soil) while in the soil receiving
organic matter (wherefgreatly increased yields were observed) the ratio
was 0.43 (0,37 me K/0.85 me Mg).

In a stﬁdy of.Ca:Mg ratio effects on maize, Key et al. (1962)
grew plants in a sand and exchange resin mixture for 28 days. The ex~
changeablé Mg contents closely: approximated those in Santiago's work.
When the'exchangeable~ng.content was increased from 0.50 to 1.50 me/100 g,
magnesium deficiency symptoms disappeared. Santiago.(1972) observed that
the addition of 2% organic matter increased the exchangeable Mg content
from 0.32 to 0.85 mg/100 g, and that the yield of sorghum almost doubled.
See Table 23.

These considerations indicate that Mg supplied by coffee leaves
nay have been an important factor in increasing the yields in the OM2
treatments.

?BaweVer, if there was a Mg deficiency in thé OW soil, it is
not clear why the addition of 200 ppm Mg (1 6 me/lOO g) as Epsom salts
‘would not have caused a yield increase. But there is some- indication

,that MgSOa is not an efficienc source of Mg at low pH.



stle 23. Effect of soil exchangcable Cazmg ratio on- maize reported by Key et al. (1962) and ehange;
D 1in’ sorghum yield and soil exchangeable Ca:Mg- ratio resulting from coffee leaf applicationf

|

H
!

;; observed by Santiago (1975).

.

10:1

e | : Soil o Leaf.. AR
PCrop o __ Mg exchangeable Ca exchangeable *:Ca:Mg .~ Mg -::Ca.  ~Growth Effect .
Maize (Key et al., o - i : vé
‘ 1962) A : ' -0.50 2.5 5:1 0.10 0.09 Mg deficient A
1.50 1.5 1:1 0.16 0.08 - No symptoms }
o | | %
Sorghqm‘(Seotiego,"1972) 0.32 8.68 26:1 0.13% .60*% Low yield o
) 0.85 8.75 0.16%  .46% Yield increases by 56%

|

SR LRI
. Emission spectroscopy values (Santiago, personal communication).

18
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- McCart and Kamprath (1965) féuhd that for cotéon‘grdw;ng on a
soil of 2.2 me/100 gCEC, limed to pH 5.5 with ;:'_a‘l"t.:;l.t):viyc lime, the addi-
tion of 0.30 me/100 g Mg'aé.‘Mgso4 did not increase the yield, but that
there was an indication that when soils were limed to pH 5.5 with
dolomite (which raised the exchangeable Mg from 0.09 to 0.45 me/100 g)
‘the growth of cotton was greater. They also found that Mg uptake from
MgSO, was half as efficient at pH of 6.0 than at pH 6.5.

4
Milam and Mehlick (1954) found that Crotalaria Striata, grewing

on Portsmouth sand (8 me/100 g CEC and 3.6% OM) at pH 4.8 was severely
Mg~-deficient when the soll exchangeable Mg lével was 0.2 me/100 g,
'while at pH 6.1 and the same exchangeable Mg contént. the yield was
nearly double and there were no deficiency symptoms,

. Similarly Munk (1961) found that powdered dolomitic lime was
a better source of Mg than MgSO4 at pH levels below 5.5.

The clear 1nd;cation is that at the low pH values at which
these experiments are run, soil Mg requirements are considerably
higher ‘than they would be at a8 pH of 6.5.

| All the OMb treatments plants showed a widespread incidence
of red staining in the oldest two leaves, probably caused by fungus.
Plant discase could be causing the lower yields observed in the plain
soll plants, or the highe; incidence of disease could be due to lowered

resistance of these plants caused by some nutritional unbalance.



" EXPERIMENT XI

;The previous experiment confirmed the beneficial effect of coffee
cleaf additions in both the new and the 1971 pots. A second trial was

undertaken 'to test the effect of pn and aqueous coffee leaf extract.

'ﬁethods

The soils were dried and 1240 ppa. Ca(OH)2 were added to half
the OM pots, which inecreased the pH to 5.7. Half the pots in Treatment
Ohbff7l-received 1490 ppm Ca(OH)2 each, To see if the beneficial factor
in the;cogfee leaves was water-soluble, 104 g leaves were soaked 24 hours,
fiitered, the leaves washed, and the combined clear-brown filtrates (650
nl) added to ome OM pot and ome OMb-'71 pot.

Four days. before harvest 100 ppm S (as K2504) vere added to one
0M° pot and 0,7 ppm B (as boric acid) were added to one OMO-‘71 pot to

see if any immediate change in plant appearance would result.

Reeultsveneriscussion .

The OHB yields did:not respond,at,ell to a pH increase of 0.7
units to 5.7 (Table 21).‘ whileLthe pH,in‘Treatment‘OM6-'7l inexplicably
increased little on liming‘there was a~tendehcyotowardfincreased yield.
'However. the yields did- not approach tho level observed in Treatment. 0M2
The - aqueous extract of coffee leaves hsd no effect. .

There was no yield increase in the pots which had received 200

ppm Mg during the first trial. Nor was there any visible chnnge in S
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, foliar appearance duting‘the four days after the additions of boron and
potgséiﬁﬂyéhifete.- | ’:

‘fn'tﬁis trial, yields on Treétméntnbﬁé—'71 fell to the level
of the*po;s not'rece1ving organic matter Qddi@idn. This was probably
due to"Al toxicity accompanying the decrease in pH (to 4.2) caused by
heavy.appliCatiohs of aﬁmonium nitrate. Santiago had observed that
when pH teli'below 4,4, sorghum yields were severely reduced due to
Al toxicity.

By the 20th day‘after planting many of the new leaves emerging
from Treatment OMb plants showed a. pale greeﬁ color and cells in -and
along the veins became completely translucent, causing a water-soaked
appearance very similar to the initial symptoms of bacterial streak

disease (Xanthomonas holicola) of sorghum described by Doggett (1970).

Boﬁever, a plant pathologist observing the leaves said the symptonms
wvere not caused by disease. The phenémenon was particularly strong in
wick-watered pots. There was a tendency for the affected pots to show
lower yields. Almost all the plants also had crinkling of leaf margins.
The leaf symptom was most likely related to the nutrition of
the plain soil plants. According to Krantz and Melsted (1964), sorghum
deficiency symptoms are similar to those of maize. If the information
provided for maize can be assumed applicable to sorghum it is possible
to make the following tentative deductions. Since the lower leaves of
the affected plants remained dark green and healthy-looking, deficiencies
of N, K, Mg, ox P aré unlikely to be the cause éf the disorder since
these elements are rela;ively mobile and symptoms usually develop first

in the olde:fleaveg. Molybdenum deficiency causes Jeaf tips to die
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first.‘ Copper is described as; causing yellowing of the, younger leawes.
Probably neither of these was responsible for the symp‘°m9-fcﬁﬁ“ﬂ'

Zinc, iron, manganese or boron are more likely. However, be-“{

_cause the chlorosis occurred along, rather than between, the veins,  iv
it isyless likely that the cause of the stripes was iron or manganese,h
bThe’leaf stripe symptoms of rhe affected plants are not eiacclyilike}Vf
vany described by Krancz and Melsted. but are close to those of zinc -

vor boron deficiency. -



' EXPERIMENT XII

. Methods
\ LI

thn no effects of liming or aqueous coffee leaf extract weue

' observed on the Treatment OM pots,\aig the OM soils were removed

Y N

dried, and thoroughly mixed together. The Treatment 012 soi&s (ex- &

cluding OM2 '71) were similarly pooled. The pooled soils»reeeivedt';
. k % n o
484 ppm N (as ammonium nitrate), JDO ppn P (as mcnacalclum phosphate

\‘

monohydrate), 150 ppm K (as potassium sulfate), lQh»ppm Mg,(e1 Epsom
¥ ) 4 u

salts) and 0.5 ppm B (as boric acid), 2. S.ppm C; (as copper salfate),

) l

10 ppm Zn (as zinc sulfate) and 0'1 ppm‘Mo (as molybilic ﬁcid\
bor

- To four of .the T‘eatnep& 6% puts wera addr4 L3 mﬁ/pct,ﬁicjsto:
_pellets (0 O-Diethyl Sv(”(ethylthio)ethyl) phosphorodithiolute 15%),
a systemic insecticide used ca the’ eoffee plantation from which the

TN V

coffee leaves were obtained, which réportedly greatlv iﬁcreased the
! 1 A ‘( : \
N uptake of the trees. Four other pots each received an:acetone ex-

tract of 24 g dry coffee leaves obtained by soaking 96 g ground leave~
1

+

in 500.“1 acetone, colleeting_the decantate, repeatizg, this twice, an¢
'evaporating the combined decantate onKISO ce finely ground activated
carbon'pOVder. The~remaining four pota'were miied with 15% (volume/ .
volume) expanded vermiculite to see, if the effect of coffee leaves o

might have been physical in nature.,
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Results and Discussion ‘

The yields obtained after pooling the Treatment OM soils and
fertilizing them increased remarkably, nearly to the level of the
Treatment OM2 soils (Table 24). The Disyston, vermiculite. and acetone |
extract of coffee leaves treatments had little effect.

| - The main differences in fertilization of this treatment were.i'd
?f}{l;thor the first time P (300 ppm) was added ‘to the new soils.» B

e “ﬁ‘;(HoWever, the OM -'71 and OM, -'71 soils hadvboth~received

.’;fjffioo ppm P in Experiment x and no equalization of yields
’”';flioccurred ) RIS | | o
tuiziffSomewhat higher rates of zinc and copper vere added..*kThe
A}iymicronutrient solutions used were individually and freshly
fi;prepared. The solution used previously in Experiment X |
"?ﬂand by Santiago was prepared in 1970 )
i 5.‘ nagnesium (100 ppm) was added to all treatments, (However
several pots in Experiment X had received”ZOO ppm Mg and
did not show any improvement in that or‘inﬁthe following
experiment.) |
4; Sulfur (62 ppm).as potassium sulfate.was<added to all-treatments
 for the first time. (However, in Experiment XI,-one pot‘had
| received 100 ppm S as potassium sulfate fourfdays before
~ harvest with no visible effect, and 260 ppm Svas,magnesium
‘sulfate had been added with the 2b0.ppm‘Mg'treatments‘men~ '
ationed above.) | S |

“»ef43From the date available it is not possible to implicatexy}i

ciency of'any one element as the 1ikely cause of the lower yields'observed
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‘Table 24. Sorghum yields in Experiment XIT.

S N Number of &
Treatment - . - . Watering ° Replicates - Yield*
L s _ g/pot
OM Disyston wick 2 2,93 becd
conv 2 2.10 a
OM_ Acctone extract wick 2 2,90 abed
() $ e .
of coffee leaves ‘
. conv _ 2 2,55 be
OM% Vermiculite wick 2 3.25 cd
conv 2 2,60 abe
0M2 . wick 4 3.40 d
conv 4 2.45 ab

& .

Yields not followed by the same letter are significantly different
at the 57 probability level according to Duncan's New Multiple Range Test
as modified by Kramer for unequal replication (Steel and Torrie, 1960).



4n. the plain uumatas soils, although it certainly appears thac the
puse of a magnesium-calcium hydroxide mixture for liming would be a. good :
1nitia1 step in any further investigation.

It may be that several elements were deficien;“aeftheteame~£ime.‘
Sulfur was probably not one of these. Table 25 shoVs;the'aceﬁeee-
soluble sulfur contents in coffee-leaf-treateayend pldiﬁvsoil'ao noE
differ appreciably and are much higher than the. levelxin a sulfur defi-
cient soil, Owens and Furr (1967) found that the sulfur. level in five
coleiVafsrof forage sorghum ranged from 0.10% to 0.12%, and Volk et al.
(1945)otepor:ed that pot-grown sorghum plant tops with 0.04% sulfur were
S{oeflclep; while 0,137 sulfur was sufficient. The levels found in
‘plentetfiom'bo;h OMo‘end OM, treatments were well above these levels,
as shown in Table 26.

It mey be that phosphorus and magnesium were both deficient
and addltions of one without the other were ineffective.

Zinc or:copper might also have been deficient although the leaf
analyais values are high.

The most likely cause for the increased yields observed in
the coffee~leaf~trcated soils and .in all the soils in the last experi-
b'vment is that some element or elements supplied in the fertilizer used
- in the last experiment were also supplied or made available by the
coffee leaf additions. (The coffee leaf addition: supplied 46 ppm S,
/544 ppm P, 64 ppm K, 504 ppm Ca, 60 ppm Mg, 18 ppm } %n, 20 ppm Fe, 1.5
ppm B, 0.4 ppm Cu, 0.7 ppm Zn, 40 ppm Al and 0.2 ppm Mo.)

The ponsibility of a disease factor should not be overlooked,

-~Sloce the weathe:khes‘cooler and cloudier during the last experiment,
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Table 25. Acetate-soluble sulfate* in originaf soils used by Santiago,
after three weeks incubation at field capacity and 18 months
alr-dry storage. ' :

Treatment
Soil Ca(OH)2 oM Acetate-Soluble -Sulfur*
" ppm % ng/g soil
Humatas ' 2990 A 0 . - ceore 730
2220 2 ' 672
740 8 ' 766
Coamo* (Mollisol) ' 10 or less

*
According to the method presented by Bardsley and Lancaster (1965).

+Sulfut-deficient soil (plants grown on this soil responded when
sulfur was added).
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 -Téb1é'26}u Total sulfur content of sorghum plant tops grown on Humatas'ﬁ«
Soo 7 gurface soil with and without added coffee leaves, '

Total Sulfur Yield Level:
& RN

;abu<;f71fA\? EE R 7

yOM vermiculite plus T oL R
mineral fertilizer : S 0.32 - High '
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there may have been a reduction in some deleterious process.that might
have”affected'the plants in the non-treated soils. For example,.if
jfhéladdition of coffee leaves altered the hicrobialogical balance in‘
thg'rhizosphere so that plants in those pots were less susceptible

to root disease, it is possible that cool, cloudy weather would reduce
-theltfgngpiration requirements of the disease-affected plants in the
nqhé?feated ;oiis and allow their yields to reach the saﬁe level.,
‘waéﬁer;fﬁhc-pdssibility»of’ihese two factors acting simultaneouslﬁ

seems remote.



" CONCLUSION'

The last experiment definitely showed that the beneficial effect
-@f:éoffee'leaves in improving reduced ylelds observed on untreated Humatas
bﬁrface.soil could be‘duplicated with mineral fertilizers, The exact
déficiency or deficiencies were not unequivocally‘i&ehﬁified, but magnesium

ahd'phqsphorus éeem possible,
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SUMMARY

Several investigations were made of cases where the addition of
organic matter to subsoils or surface soils had been shown to increase
productivity.

The gffect of a 2% addition of ground, dried, partially decom-
posed: coffee leaves in raising yilelds on Carreras subsoil could be
duplicated by the addition of 36 ppm Zn, 100 ppm Mg and 300 ppm P.

| ~ The application of cachaza (filter-press cake), which has been
reported to significantly increase yields on various Puerto Rican soils,
was foﬁna to have no effect on a Pifia subsoil concurrently receiving
N, K, Zn and Mg.
| Santiago (1972) observed a marked increase in sorghum yiel&s
grown»on'ﬂumatas surface soil when partially decomposed coffee leaves
wvere added. The soils had received lime, N, K and a mixture of micro-
nutrients. The increase could not be accounted for by increased pH.

:In order to see if the beneficial effect of the organic matter
night hgve been due to increasing water availability, the experiment
was rcpeated with two types of irrigation, conventional watering to field
capacity and wick-watering. On scil that had been previously cropped
by Santiago and on new soil from the same source there was no effect of:
watering; but the gddition‘of 2% organic matter increased yields by - -
5172. ?oliar analysis indicated that the'low-yieiding aoighumiplﬁﬁ?é‘
might be magnesium deficient,ibufkthe addition of 200 ppﬁ:ﬁg;€§:
magnesiun sulfate to two pots had not 1ncreaaed~§i¢;ds;ﬁ
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In a seco1d experiment it was ‘shown that neither the additioe }
‘ot an aqueous extract of coffee leaves nor raising the pH to 5.7 in- :
creased yields to the level of the soil receiving organic matter. The
cells in and along the‘veins of the upper leaves of the.plants growin;
on the plain‘soil.hadybeeome translucent and took on a watersoaked
'appearance.; Ihis.mightjhave,Beendue to a-nutritional imbalance in .
‘the plants.yb B o
| ‘ b Finally, the treated and untreated soils were removed from
,tﬁelpete, dried, mixed and repotted after the addition of N, X, 100
P§@ Mg’~1° ppm Zn, 2.5 ppm Cu, and 300 ppm P. The yields on the
piein;eoiis increased to near the level of the yields on the organic
. metter.treated soil. The cause of the.low yields on the pléin soil
was not positively identified but may have been a deficiency of

magnesium or phosphorus or both.
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' APPENDIX *
DETAILS. OF SOIL COLLECTION

The Nipe and Carreras (formerly called Hucatas) soils used in
~-the first experiment were collected by Lathwell. The Nipe was éollected
'fyoﬁ an exposed subsoil terrace at Las Mesas near Mayaguez, Puerto Rico,
The Carreras was collected from an uncrOpped_porcion-of the northern
| edge'oflthe Cornell-AID experimental plot for nitrogen response at the
'qudzal Subsfacion. Further details are given by Lathwell et al, (1972)
| The Carreras soils used in Experiments II, III, IV and VIII

ﬁére collected on 9 September 1971 or the Cornell-AID plotsbat the
'Coro;al Substation, Surface soil #3 (0-20 cm) came from the northeast
' cbfner of Plot Treatment 6, Block I, in the nitrogen experiment field.
The.butied subsoll (33-43 cm) came from the same location. The exposed
subsoil (0-10 cm) came from the nbrchwest corner of Plot Treatment 6,
Block II. Surface soil #2 (0-20 cm) came from the northwest corner of
Plot Treatment 4, Block IV. Surface soil #1 was from an adjacent field,
about 25 meters away, used for studying phosphorus response. The top
10 cn of soil-wcré taken from the southwest corner of Plot Treatment 7,
ﬁlock‘iII. |

" The Los Guineos Qoils used in Expérimehts 111, V, VI and VII
were collected at 27 April 1972, six meters north (downslope) of the
Cornell AID plot at Jayuya, Puerto Rico, under pasture grass. The
surface soil (0-15 cm) was brown, friable and had many earthworms.  The

subsoil (17-35 cm) was yellow, had few roots and no_earthwotms; 1, 1,f' 

- 100- ;_.
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. The Catalina surface soil (0-12 cm) and subsoil Location F
(20-50 cm) were: collected 25 April 1972, l 3 meters north (upslope)
of the Cornell-AID nitrogen experiment plot, between the weather sta-f
’;tiongend the,rain gauge. The land had been fallow for several years,
'ﬁThe;Cataline subsoil Location-BP_was collected under the direction of
-Eduetdo~8rennes and Raul Pérez Escolar from near thelliming,experiment
€p10te

flhe~Piﬁa goil was eollected 11 May 1972, four meters east of
the'Cornell-AID nitrogen experimental plot and four meters south of
the‘James Wolf water permeability testing site at the Fundador Farm,
Maneti. Puerto Rico. The surface soil (0-15 cm) collected was dry,

sandy and cemented. The subsoil (20-40 cm) was more moist, and had |

a few voots growing in animal burrows.
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