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Some observations on tetrazolium-tes~
ting of coffee seed [Coffea arabica and
C. canephora)

Sumarle. Fn semillos de café hay correlacidn entre la
nrueba de germinocién y fos resultados de io pruebo de
tetrazolic {TTZ), s los lotes tienen olia viabilidad En el
rungs de 30 o 70% aproximadamente de germinacién,
fos resuitades de o prueba de TTZ don generalmente
volores mas altos.

Lo prueba del TTZ de embricnes exiraidos de fos semi-
s es mas clara gue si se hace en semillas cortodos.
pues en el primer caso lo celorocidn es mas uniforme y
las resultados mds confiables En fos semillas cortadas
hay lo tendencio a gque no se desarrolle color en la su-
perficie cortoda del embrién  La coloracién se completa
después de 3-4 horos en uno solucidn del 1% de TTZ

tos embriones de café Robusic son mds suscephibles
a dofio mecdanico que fos de café ardbico Se don las
lécnicas para su preparocidn correcte

Tutrodunction

Coffee seeds are relatively short-lived and may lose
their viability within a shost period, especially when
stored under adverse conditions (2). It is thercfore
important to check the viability of seed lots sown
scveral months after harvest, However, conventional
germination tests are unsuitable because they require at
Icast 40 to 50 days to complete. During this time the
sced deteriorates further, and a more rapid testing
method is required.

The most commonly used method is the tetrazolium
staining technique, first developed by Lakon and co-
wotlers, (4) This test involves the reduction of the
wafer-soluble, colourless tetrazolium salt to insoluble
red formazan by the dehydrogenases present in living
tissues Dead tissue remains unstained By comparison
of the amount and distribution of dead and living
tissue within the embryo, the viability of the seed can
be judged.

The following communication summarises expe-
rience gained at CATIE, Turrialba with TTZ testing
of coffee seed

Materials and methods

During 1978 and 1979 tetrazolium (TTZ) testing
was carried out on a large number of different seud
lots of Coffea arabica L, cvs. "Caturra’ and “Geisha' of
the 77/78 and 78/79 harvest and ranging in viahility
from 0% to 1009%. In one occasion a seed lot of C.
cenephora was also tested

Carefully processed, hand selected seeds were used
throughout Differences in viability were due only to
different seed age and varied storage conditions Iour
repetitions of 50 seeds each were used for testing

The optimum TTZ concentration proved te be 1%,
using a pH-7 phosphate buffer solution prepared ac-
cording to the ISTA-Rules (3) In prefiminary tests it
was found that embryos cut longitudinaily as described
by Mondofiedo (5) remained almost white at the
cutting surface, and the evaluation of excised whols
embryos gave more reliable resuits Thereafter, the ex-
cised embryo method was used throughout Excised
embryos stained completely after about 4 hours ar
35°C, and fresh embryos teok even less time to
become adequately stained Much more time was re-
quired for longitudinally cut seeds, where twelve to
eighteen hours were needed for the solution to pe-
netrate to the still embedded parts of the embryos.

To minimize embryo damage during prepazation
seeds were presoaked in lukewarm water until the pe-
risperm was soft enough to cut easily. This took up to
4 days in the case of dry and old seeds and the water
was replaced three times a day throughout the soaking
period in order to avoid fermentation and oxygen
stress, which may tmpaic the seed viability

Water uptake of dry seeds may be accelerated by
scarifving the perisperm near the embtyo with a sharp
scalpel blade, or by rubbing it against an abrasive,

In thirteen cases the results of the TTZ-testing
were compared with germination test results of the
same seed lots The germination tests were started about
four weeks befors the TTZ test was carried out This
compensates partially for the delay in germination of
coffee seeds (not less than 4¢ to 50 days and, in oldet
seeds, up to there months) Germinatinn Lests were
made at a constant temperature of 25°C, with four
replicates of 50 seeds each. Seeds were sown in teays
with clean graded sand, moistened to about 7095 of its
water holding capacity.

Resnlts and discussion

Table 1 shows the results of several storage expe-
riments; sce also Aguilera (1) Generally the viability
percentage as measured by the TTZ test tends to be
higher when compared with the corresponding ger-
mination test result. This can be explained by the
fact that it takes about 2 to 3 months tv complete
germination, (in dry old seeds even more), and that
during this period the weaker sceds die The TTZ
test however, indicates the current viability of a seed
lot, and the final germination percentage will conse-
quently be lower This is especially true for seed lots



224 TURRIALBA: VOL 30, NUM 2,

TRIMESTRE ABRIL--JUNIO 1980

with medium viability percentages In our experiments,
additioral storage of one month did not quite com-
pensate for the losses between sowing and germina-
tion Only in lots 2, 3, 4, 5 and 10, were losses daring
one month storage equalled or surpassed by the losses
occurring during germination testing

Table 1 —Comparison of coffee seed {Coffea wabiia
wv. ‘Caturra’) viability as measured by the
Tetrazolium-test after six months of seed
storage with germination percentage after
five months of sced storage

SERRE N i i R I e
1 4} 0
2 6 16
3 10 17
i 11 52
3 20 18
6 23 19
7 30 22
4 38 20
9 51 40
10 36 74
11 84 69
12 [<l¢ 30
13 92 9.4
r = 0481

Note: Sced lots 1 throvgh 13 were stored under different conditions

In preliminary tests, it was found that the results
of permination test and TTZ-test coincided quite well
for lots of fresh, high quality seeds. This was also ob-
served by Mondofiedo (9), and, when the viability
had fallen to almost nil, this was equally indicated by
boh methods. Only medium quality seed lots fre-
quently gave substantial deviations for the reasons ex-
plained zbove.

One difficulty in TTZ-testing of coffee seeds is to
bring the embryo in contact with the solution without
damaging it. Mondofiedo (3) pointed out, that excised
whole embryos gave the best results when testing
coffec seeds with tetrazolium Because the procedurs
for exposing the embryo is somewhat time consuming,
he proposed slicing through the seeds in such a way
that part of the embryo is removed and a larger past,
still embadded in the perisperm, is used for TTZ- tes-
ting It was found this latter method less useful, as
the cutting surface of the embryo always remained
white and penctration of the TTZ solution was irre-
gular,

Fractioning of the embryos may alter their reaction
to "T17, as was clearty shown by Rivas and Mouillo
(6) The susceptibility of coffee embryos to mechani-
cal damage is also the reason why the method of ex-
posing the embryos of presoaked seeds by thumb-pres-
sure sometimes tesults in reduced staining. In one
case, less than 509 of the viable embrycs stained
when using this method, while 1006 of carefully ex-
posed embryo, stained (6) It was found that C
canephora cmbryos are even more susceptible to me-
chanical injury.

The method of exposing or excising the whole
undamaged embryo is naturally more time consuming
than slicing whole seeds and requires certain manual
skill, and this is especially so for C canephora, where
the embryo adheres closely to the perisperm-layers

Two preparation techniques were used for excising
the embryo from sosked, softened seeds:

— Three supetficial cuts are made through the upper
perisperm layer near to the embiyo, so that this
layer can be lifted up with a scalpel or a dissec-
ting needle, {Fig 1z}, ot

- the seed is sliced apart near to the embryo and one
or two supetficial cuts are made through the upper
perisperm layes, which can then be lifted with o
dissecting needle (Fig 1b)

Once the embryo has been exposed it may be taken
out carefully and be immersed 1n the TTZ solution
Alternatively a small part of the seed, with the embryo
still attached, can be immersed in the TTZ solution
We found it more convenient in routine operations to
immerse seed fragments into the solution rather than
to apply the solution dropwise to part sceds as pro-
posed by Rivas and Morillo (6, 7). During stuining,
some embryos become detached from the periderm
fragment and drop te the battom of the vial

After some practice, a skilled analyst can prepare
about 100 seeds per hour (or even more), provided
the seeds are soft enough

When assessing the stained embryos (Fig 2),
white or pink mottied embryos were considered as
non-viable  If only smali, unimpertant pazts of the
embryo remained white, eg the extreme root tip or
cotyledon margin, they were counted as viable Non
viable embryos frequently showed a greyish palegreen
colour and had a flaccid appearance. With some expe-
rience, damage caused during the excision of the
embryos can be celiably identified, mainly by the unu-
sual location and shape of unstained spots If the rest
of the embryo was well stained, such sceds were coun-
ted as viable

Despite the time required for soaking and excision
of the embryos, the estimation of coffee seed viability
by TTZ staining seems to be the most reliable rapid
method.
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Fig t-a

Fig 1-b

Fig 1 —Bxposure and excisian of coffec embryor by lifting the upper
perisperar layer after;
Log. Three superficial cuts throupl the np/nr perisperm layer,
Ybe Sectioning through the seed parallel te the cobryonic

More comprehensive tests for improvement of relia-
bility and correlation with actual germination test re-
sults of medium quality seed lots are under way and
will be reported later.

Fig 2 —u} Ertbrye viable, complctely shoined
bl Bmthryo viable. puly cxtreme 2ip of ridicle anstained
e} Embrys viable. only extremte nrargin of cotyledons unstained

d)  Embrys wiable, anly extrewme margin of cotyledonr and
Hp of radicte wnstained

b} Through d) still uncertuin, whether due 1o damage during
prefparation

e} Viability guestionable, cmbryo pink stained with red ot~
ting

i Embryo non-viabie, pink meoitling, frequentiy on w greyish-
green background

g} Embrye nop-visble, nuituined. [reguently greyish-green co-
tour

b} and i} Embryo viable, wnstained areas cansed by damage
daring etbryoa cxcision

3-4h TTZ

. K/

axis and exerting superficid euty throngh the perisperm

Seed parts with rhe embiye exposed (Altcenative I} or excised embryos
{Alrernative 1} amay be swbjecied 1o the TTEZ staining.
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Sumimeary

The correfation between viability of coffee seeds
as estimated by the Tetrazolivm (TTZ) testing and
the resuits of standard germination testing is close for
high viability seed lots. In the range of abowt 30 to
709 germination, the TTZ resalts tend to be higher.

TTZ-testing of excised embryos of coffee seeds
seemns to be superior to testing of halved seeds; stain-
ing is more uniform and gives more refiable sesults
wheeeas, in cut seeds, the cut surface of the embryo
tends to remain unstained Staining of embiyos is com-
plete after 3-4 hours at 35°C in a 195 solution Care
lhas to be taken not to injure the embryos during pre-
paration Robusta embryos are mote susceptible to me-
chanical damage than those of Arabica coffee Pre-
paration techoiques for embryo extraction are briefly
described.
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Fertilizaciéon del cullivo de quinua en
condiciones del Altiplane
de Puno, Perg*

Summeary. The purpose of this study waos to determine
quinua {Chenopodium quinoa} yield resnenzes to applica-
tians of N, P K, in conditions of Punc Highlands, Peru
Quinua production was significantly increased by N appli-
cations, while ne stetisticel differences were found with
P ond K fertitization Data confirm nitvogen deficiency in
Puno Highlends as @ maojor limitetion to obtain subston.
cially increased quinua production

Introdnceion

Como se indicd en una publicacion previa (1), los
suclos del Altiplano de Puno, Perl, son pobres en ni-
trdgeno, deficientes en Fasforo y muy variables en cuan-
to al contenido de potasio, o cual significa que la pro-
duccion de quinua ( Chenopodinm quinoa} tendrd cier-
tas dificultades derivadas de [a disponibilidad de esos
tres elementos, en especial de los dos primeros. Ta
revision de literatura hecha por Tapia, ef 4l (3) ten-
de 2 sefalar que la quinua, en los Altiplanos de Bo-
livia y Perli, responde bien a la fertilizacidn nitroge-
nada, de manera intermedia al fésfore, y poco o nada
& I fertilizacién potasica Para el Altiplino de Puno,
a nivel de agricultor s& ha venido recomendando (2)
la fdronula 80-40-00, aplicada al moemento de Ia siem-
bra, de ser posible, dejando Ia mitad del nitzGgeno
para incorporarlo en la época del deshierbo

La presente investigacion tuvo por objetivos defi-
nir una férmula de fertilizacion basada en [a experi-
mentacidon y tratar de concretar el comportamiento del
fosfore, para logsar las mejores producciones con Ja
menor cantidad del insumo posibie.

Desiy de N-P-K-

Se estudiaron 3 niveles (0-50-100) kp/ha de
N-P-K utilizindose el disefic de bloque completo al
azar con 27 tratamientos y 4 repeticiones. De acuerdo
con el andlisis de variancia que aparece en el Cuadro
1, hubo diferencias altamente significativas entre tra-
tamientos, lo mismo que para fas aplicaciones de N,
mientras que no hubo diferencias significativas para el
P y K y sus interacciones. La prueba de Duncan (p
0,05) mostrd que fa dosis Ny, v Ny se comportan de
manera similar superando significativamente a la dosis
de N, que tuve el rendimiento mis bajo.

De acuerdo con el andlisis estadistico se recomen-
datia emplear 50 kp/hafcosecha  Sin embargo, de
acuerdo a fos datos de extraccion de N por la quinua
(1), una biomasa total media de 5000 kg/ha requiere
80 kg/N. Si el agricultor cambia el sistema tradicio-
nal de cosecha consistente en arrancar las plaatas por
segar con hoz, el suelo recibe de esa biomasa total

®  Estudio realizado deatro del Proyecto Instituto Interamericann de
Ciencias Agricolas-Fonde Simon Bolivar, Oficina del HCA en Perd





