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Abstract

The use of phenol test for wheat varietal identification should
be taken with some caution where differences in grain colouration
might not always give reliable comparison. The objective of the
present study were to determine the effect of nitrogen and
phosphorous fertilizers supplied to the mother plants, seed weight,
temperature and duration of grain staining on phenol testing
results. Two field experiments were conducted at El-Gemmiza
experimental stations during 2001/2002 and 2002/2003 season.
Each experiment included five wheat varieties namely Sakha 94,
Gemmiza 7, Gemmiza 9, Gemmiza 10 and Giza 170 and three
nitrogen and phosphorous fertilizer treatments. Grains harvested
from each treatment were undergone to phenol test according to
the International Rules for Seed Testing. The results indicated that
wheat varieties were responded differently at varying levels of
nitrogen and low level of nitrogen (40 kg N/Fed) was associated
with relatively light colors, while high levets of nitrogen (92 kg/Fed)
and phosphorous (30 kg P, Os /Fed} levels with dark colors. Grain
weight categories might also react differently to phenol test where
large grain stained darker than small ones. Furthermore, grains
produced in 2002/2003 season gave lighter colouration than those
grains produced in 2001/2002 season. Low staining temperature
(17-18° C) caused slow grain coloration while high temperature
(26-27° C) caused over staining of grains. There was a gradual
change in grain color with time and it would be useful to
investigate colouration of grains at hour intervals to maximize the
benefit of phenol test to distinguish between wheat varieties.

INTRODUCTION

According to the procedures outlined by the International Rules for Seed
Testing (ISTA,1999), wheat varieties can be identified by visual observation of
morphological characteristics in the field and grain reaction to phenol test in the
laboratory. The phenol test has been used as a routine measure for purity analysis for
a long time in several countries such as Sweden ; Germany ; UK and U.S.A. The
advantage of phenol test is that it serves as an easy, quick and reliable test.
Biochemical studies on phenol color reaction have been shown that it involves the
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enzymic oxidation of phenol through diphenols to quinones and finally to dark brown
melanins, This enzyme systern has variously been called monophenoloxidase or
tyrosinase (Zeven, 1972). The enzyme tyrosinase uses phenol as a substrate and the
seed coat of various wheat cultivars is the site of biochemical reaction giving different
colors (Steen et a/,1986; Jensen and Legaspi 1979).This reaction appears to be
inherited ‘and controlled by a small number of genes. (Wrigley and shepherd, 1974 ;
QOlsen,1975). Moreover, the test has been reported to be indicative of genotype and
independent of growth conditions provided grain tipens less than about 30% moisture
(Wrigley and Mc Intosh,1975). In this connection, phencl color reaction has been
propased as a test for identification of wheat varieties (ISTA Rules,1999; Payne, 1993
and AOSA,1991)\. However, several researchers have pointed out the effect of crop
environment on test results. Clancy et af, 1982 stated that no work has been found
on phenol testing of immature seed.Steen, ef a/,1986 recommended further studies
on the date of harvest and crop location on the phenol reaction. This study was
undertaken to invesigate the effect of different levels of nitrogen fertilizers supplied to
the mother plant, seed weight which is related to a large extent to seed maturity,
temperature and time of grain staining on phenol testing results.

MATERIALS AND METHODS

Two field experiments were carried out during two successive seasons
200172002 and 2002/2003, at El-Gemmiza Agricultural Research Station, Gharbia
Governorate . In each season, A randomized complete block design was arranged in
split plot design with four replications. The wheat varieties were allocated in the main
plots and the fertilizer treatments were in the sub plots. The sub- plot area was
10.5m2 (3 x 3.5m). Five seed samples of five Egyptian wheat varieties namely Sakha
94, Gemmiza 9, Gemmiza 7, Gemmiza 10 and Giza 170 were grown at three different
levels of nitrogen (ammonium nitrate, 33.5% nitrogen) and three different levels of
phosphorous {mono calcium phosphate 15.5% P;0s) as follows:

N;= 46 kg N/Fed ; N,=69 Kg Nffed and Ni= 90 Kg/fed.

Py= no phosphours ; P;= 15 Kg P,0s /ffed and P,= 30 kg P,Os /fed

Seeds were sown in rows and the distance between rows was 30 cm by hand and
ordinary agricultural practices were applied during the growing season. After
harvesting the crop , the seeds were separated by hand from the shaff and phenol
test was carried out on material harvested from the middle rows of each plot using
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the ACSA (1991) protocol. Four replications of fifty seeds from each treatment were
taken at random from the bulck of threshed ears and then placed over two layers of
filter paper (Whatman 15 cm diameter) previously soaked in 5 ml of distilled water in
petri dishes. The dishes were covered , allowing the seeds with the ventral crease
downwards, to soak for 18 hours at 22-23C9, The seeds were removed from the
distilled water and deposited on two new layers of filter paper in petri dishes and 5 ml
of 1% v/v freshly made phenol sclution at 4.8 pH was added . The dishes were
covered and incubated at 22-23 C° for 4 hours after that the seeds were classified into
five colour groups (- = negative; + = light brown ; ++ = brown ; +++ = dark
brown and ++++ = black) according to the procedures outlined by (Saavedra and
Laverack 1996). In addition , seed sample of each variety from the recommended
treatment (N,P,) were taken at random and divided into three sub-samples. Four
replications of 50 grains of each sub sample were undergone to three different
examination to study the effect of staining time (1 to 6 hours), seed weight (large,
small and ungraded) and staining temperature ( 16-17 ; 22-23 and 26-27°C ) on
grain colouration . The weight of 100 seeds was determined according to the
procedures outlined by (ISTA rules 1999). other pheno! testing procedures were
followed as menticned before.

RESULTS AND DISCUSSION

No significant variation was found either between seasons or between
replications. Furthermore, not all grains stained similarly at a given time, but there
were a few seeds less than 5% did react to phencl solution as the remaining grains
(95%) which are considered In the results reported here. A visual assessment of grain
colour after staining is shown in Table 1. The results showed different reaction

between varieties as to the same nitrogen and phosphorous treatment. In Sakha 94
grains show no colour at low nitrogen level (N1}, whereas they showed brown colour

at PONZ, PoNs, PiN;3 levels; dark brown at P;N;, P:N; PsNi. In Gemmiza 7, grains

stained dark brown at N; and N; and black at N; , irrespective of phosphorous levels.
In Gemmiza 9, grains stained brown at N, nitrogen level and dark brown at N; and N3
nitrogen levels regardless of phosphorous treatment. In Gemmiza 10, grains stained
dark brown at N; nitrogen level and black at N, and‘N3 levels. In Giza 170, grains
stained light brown at N, level and dark brown at N, N3levels . Generally, the resuits
show that wheat varieties behaved differently at varying levels of nitrogen and low
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level of nitrogen (N,) was associated with relatively light colours while high nitrogen
and phosphorous level , with dark colour. This means that wheat varieties differed in
their response to phenal solution , but there was a trend towards darker colour at N;
level in all varieties, one exception with variety Gemmiza 7, where grains stained black
at N, and brown at N; level . These results indicated that nitrogen and phosphorous
treatments of wheat growing environment may affect phenol reaction of grains and
the use of phenol test in routine seed and variety testing shoukd be taken with some
caution. In other words, a reliable comparison between wheat varieties require

information on nitrogen and phosphorous status of mother plant environment.

Table 1. Visual assessment of phenol reaction of wheat grains from plants grown

under different phosphorus and nitrogen levels.

Variety Pq P, P;
N; N N Ny N, N3 N; N, Ny
Sakha 94 - ++ ++ - +++ ++ - +++ +++
Gemmiza 7 +++ ++++ +++ +++  ++++ +++ +++ ++++ +++
Gemmiza 9 ++ +++ +++ +4 +++ +++ ++ 44+ 4+
Gemmiza 10 +++ ++++ ++++ +++ ++++ +++ ++++ -+t
Giza 170 + +++ +++ + +++ ++4+ + +4 4 + 4+

* Key - = negative colour ; += light brown ; ++=brown; +++= dark brown; ++++ black .

The results in table 2 show that grains of the varieties sakha 94 and Giza 170
reacted the same to phenol solution regardless of grain weight , but large grains of
the Gemmiza varieties gave darker color than small and ungraded grains . This means
that grain weight might react differently to phenol solution.In some cases, it is to be
noted that grains produced from 2001/2002 season gave lighter coloration than those
of the same varieties and weight category which have been produced in 2002/2003,
{Gemmiza 10 and Giza 170). This might be explained by seasonal variation of the

environment surrounded the mother plants.



SELIM, AMAL H. 1661

Table 2. Effect of grain weight on reaction to phenol solution (1%) during 2001/2002
and 2002/2003 seasons.

100 seed weight/season
Variety Large Small Ungraded
1/2002 %2@003 1/2002 l 2/2003 1/2002 2/2003

Sakha 94 5.94 5.98 2.19 1.99 4.30 4.43

+ + + + + +
Gemmiza 7 6.44 6.37 346 3.60 5.27 5.36
+++ +++ ++ ++ ++ ++
Gemmiza 9 6.11 6.16 2.93 2.98 4.70 4.88
' +++ +++ ++ ++ ++ ++
Gimmeza 10 5.79 5.42 2.89 2,95 4.61 4.59

+4 ++ + + ++ +
Giza 170 5.59 5.49 2.95 2.88 4.56 4,52
++++ +++ ++++ +++ ++++ +++

* Key - = negative colour ; += light brown ; +-+=brown; +++= dark brown; ++++ black

Table 3 shows the reaction of wheat varieties to phenol solution at hour
intervals. Grains of the variety Sakha 94 did not give any reaction to pheno! after
staining for 2 hours and they gave light brown color after 3 till 6 hours . Furthermore,
the variety Sakha 94 can be easily distinguished from other varieties at any time of
staining with phenol solution. Similarly, grains of the variety Giza 170 gave brown
color after an hour and they changed to dark brown and balck after 2 and 3-6 hours,
respectively and therefore it can be distinguished from other varieties. On the other
hand , phenol testing failed to distinguish between the varieties Gemmiza 7, Gemmiza
9 and Gemmiza 10 and this might be due to limited diversity of genetic background of
these varieties. Generally, the results in Table (3) indicated that there was a gradual
. change of grain wheat with time and this should be considered if phenol test is
included many varieties.

Table 3. Reaction of various wheat varieties to phenol solution (1%) at different time.

Variety Staining time (hours)

1 2 3 4 5 6
Sakha 94 - - + + + +
Gemmiza 7 + ++ +++ +4++ | o+t | A+
Gemmiza 9 + ++ +++ +4++ | -+t | A+t
(semmiza 10 + ++ +++ +++ | A+ {4
Giza 170 ++ ++ 4+ )+t | At | At

* Key - = negative colour ; += light brown ; ++=brown; +++= dark brown; ++-++ black.
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Table {4) shows the effect of staining temperature on grain colouration. Low
temperature of 17-18° C caused slow grain colouration , while high temperature
caused overstaing of grains so that color differences between varieties at 17-18° C
and 22-23° C disappeared at 26-27° C, Color differences between low
temperature of 17-18° C and medium temperature of 22-23° C might be due to

variation in enzyme activity at these temperatures.

Table 4. Effect of staining temperature on grain colouration of five wheat varieties.

Variety Staining temperature
17-189C 22-23°C 26-279C
Sakha 94 ++ +4-+ ++4++
Gemmiza 7 +++ ++++ ++++
Gemmiza 9 ++ +++ ++++
Gemmiza 10 +++ ++++ ++++
Giza 170 +4++ +4+ ++++

*Key - = negative colour ; += light brown ; ++=brown; +++= dark brown; ++++ black.

From the previous results the use of phenol test as a routine test for varietal
identification should be taken with some caution where differences between varieties
may not always give reliable comparisons. Taking into account the environment of
mother plant, seed weight, staining time and temperature would be helpful to obtain

accurate evaluation when using phenol testing.
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