J Indian bot Soc Vol 77 (1998) 31-34

SAFFLOWER IN RESPONSE TO VARYING LEVELS OF ZINC SUPPLY
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To establish a guideline for the diagnosis and correction of zinc deficiency, safflower (Carthamus tinctorius L. cv. T65) was grown
In purified sand culture at zinc supply ranging from 0.001 to 10 pM Zn L'1l. Optimum dry matter and economic yield of safflower was
obtained at 1.0 pM Zn L 1 Plants grown below 1.0 pM Zn L’1developed visible foliar symptoms of zinc deficiency. At 0.001 pM Zn
L”1 foliar symptoms were severe and economic yield reduced to almost nil. Deficiency of Zn reduced leaf tissue concentration of Zn
and induced changes in enzyme activity. At suboptimal levels of Zn supply activity of carbonic anhydrase and aldolase were decreased
and that of ribonuclease increased. At 64 DAS when plants developed visible foliar effect of zinc deficiency, leaf tissue concentration
of 21 pg Zn g"1dry matter and 30 pg Zn g’1dry matter represent the threshold concentration for Zn deficiency and toxicity respectively.
Less than 15 pg Zn g’ldry matter is indicative of severe deficiency associated with 50% decrease in relative yield.
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Zinc deficiency reduces plant growth and the
activity of Zn enzymes like carbonic anhydrase,
aldolase and alcohol dehydrogenase (Snir, 1983;
Sandmann and Bogor, 1983; Dell and Wilson, 1989.
Zinc also plays an important role in regulating the
photosynthetic electron transport and CO0. fixation
(Pandey and Sharma, 1989; Hu and Sparks, 1991).
Critical Zn levels for maximum plant growth have
been reported for several crops such as subterranean
clover (Reuter et al., 1982), sorghum (Ohki, 1984)
and eucalyptus (Wallace et al., 1986). No study has,
however, been made of Zn nutrition of safflower. As
availability of Zn is low in most soils of India (Katyal
and Sharma, 1991), and safflower is an important
oilseed crop, the present study was undertaken to
establish a nutritional guideline for the diagnosis
and correction of Zn deficiency iIn safflower. The
Influence of variable Zn supply on morphological
attributes, biomass and economic yield, tissue Zn
and activity of certain enzymes was investigated In
leaves of safflower grown in purified sand.

MATERIALS AND METHODS

Safflower (Carthamus tinctorius L. cv. T-65) was
grown in glass house in purified sand in 5L corning
glass pots having a central drainage hole lined with
glass wool and covered with an inverted watch glass.
The silica sand was purified by two successive treat-
ments of hot 17% (w/v) HC1l and 1% (w/v) oxalic
acid In a ’Keebush' sand digestor. There were four
pots In each treatment. Initially six plants were main-
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tained In each pot which was reduced to two plants
30 days after sowing (DAS). Zinc was supplied at six
levels-0.001, 0.01, 1.0, 2.0 and 10 pM Zn L 1 The
composition of nutrient solution (L"1) excluding Zn
was: 4mM KNO3,. mM Ca(N03)2, 2 mM MgS04,
1.33 mM NaH.P04, 0.33 mM H:.BO., 0.1 mM Fe
EDTA, 10 (iM MnS04, IpM CuS04, 0.01 pM
Na.Mo04, 0.1 mM NiS0O4and 0.1 mM CoS04.

Solutions of micronutrients except iron were
prepared from twice recrystalized salts. lron was
supplied as Fe-EDTA prepared from disodium salt of
ethylenediamine tetra-acetic acid (Na. EDTA) and
AR grade FeS0. (Sharma, 1996).

Dry matter yield was determined 64 and 124
DAS. Plants were harvested 124 DAS for determina-
tion of economic vyield. Tissue concentration of Zn iIn
leaves was determined in upper leaves (1 to 4 from
top) 64 DAS when plants showed characteristic symp-
toms of zinc deficiency. These were thoroughly washed
and dried In an electric oven (70°C) and digested iIn
0.2 nitric acid-perchloric acid mixture for estimat-
Ing Zn by atomic absorption spectrophotometry.
Critical values for sufficiency (adequacy), threshold
of deficiency and toxicity (90% optimal yield) and
severe deficiency (50% optimal yield) have been
worked out through plot of relative yield at harvest
and leaf tissue concentration of Zn 64 DAS (Sharma,
1996). At 65 DAS activity of carbonic anhydrase
(E.C.4.2.1.1), aldolase (E.C.4.1.2.13) and ribonuclease
(E.C.3.1.1.22), were determined in the crude extracts
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of leaf (1 to 4 from top), by the methods described
earlier (Sharma et al., 1981). Specific activity of the
enzymes was expressed in terms of soluble protein.

Results have been presented as mean of two
determinations and significance of the results has

been tested at P=0.05.
RESULTS

Visible effects: Variation in Zn supply caused
visible difference in growth of plants 30 DAS. Com-
pared to plants supplied 1.0 jjM Zn L |, growth was
depressed at lower or higher levels of Zn. Growth
became more pronounced with age. Severe depres-
sion in growth was observed in plants receiving . ...
fiM Zn L'l The effect was particularly marked In
height and development of the branches. In plants
grown with 0.001 and 0.01 }iIM Zn L I, the expansion
of lamina of young leaves was restricted. The young
leaves of these plants were small and narrow. Com-
pared to leaves of plants grown with 4.0 pM Zn
L 1, leaves of Zn deficient plants were thick, leathery
and dull green. Similar, but milder, symptoms were
observed at 0.1 |IM Zn L.. at 50 DAS. The young
leaves of plants receiving 0.001 and 0.01 |[iM Zn
L.. developed bronze coloration near the margins.
The old leaves of these plants developed chlorosis
along the apical margins. The chlorotic areas later
turned necrotic and scorched. The veins of the old
leaves, as also the basal part of the stem, developec
orange brown pigmentation. Safflower plants raisec
at 2 and 10 pM Zn L.. developed visible effects of
toxicity. These plants appeared stunted and bore smaller
leaves than plants supplied 1.0 [IM Zn L'l

Low as well as toxic supply of Zn delayed flow-
ering by eight days, the effect was most severe In
plants grown with 0.001 and 0.01 pM Zn L . when
flowering was delayed by twelve days. In these plants
the size and number of the heads were highly re-
duced and the development of both the ray and disc
florets was retarded. Because of delayed emergence
of the stigma from the corolla tube large proportion
of the disc florets of Zn deficient plants were unfertili-
zed and failed to produce seeds.

Plantyield: The dry matter and economic (seed)
yield increased with increase in Zn supply from 0.001
to 1.0 |JM Zn L'l Further increase In Zn supply
caused yield decrement. The effect of low and toxic
levels of Zn supply on dry matter yield became
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Table 1. Dry matter and seed yield attributes of safflower
grown at variable Zn supply.

nMZnL'1 LSD

Yield Attributes atP=
0.001 0.01 0.1 1.0 10 10 0.05

Dry matter g plant”1

64 DAS 249 296 352 504 392 29 053

124DAS 434 711 1172 3239 2257 1632 5.19
No.of Head Plant'l I 9 1 16 14 12 3
No.ofSeeds Plant'l 5 < 20 100 301 254 209 10
gHead wt. plant'l 229 331 747 2644 1764 1326 219
g Seeds plant'l 0.05 0.17 190 7.64 449 340 1.09
100 Seed wt. (g) - : 019 254 176 162 091

pronouced at 124 DAS. Maximum dry matter and
economic yield was obtained at 1.0 pM Zn L.. (Table
1). The number and weight of heads and of seeds was
also reduced at low and toxic levels of Zn (Table 1).
In the Zn deficient plants, the decrease In seed yield
was more pronounced than In vegetative yield. At
124 DAS, compared to that at 1.0 jjM Zn L'l the
vegetative yield was reduced by 85% and 78% at
0.001 and 0.01 pM Zn L . respectively, whereas seed
yield was decreased by 99% and 97% respectively.

Tissue Zn: Increase in Zn supply from 0.001 to
10 pM Zn L.. increased Zn concentration in the
young leaves. Maximum dry matter yield was asso-

clated with 24 pg Zn ¢-. dry matter in leaf. The
threshold values for deficiency and toxicity, defined

v <N

Yo

(D“"I*v

Mg Zn g 1dry wt.

Figure 1 Values of deficiency, threshold of deficiency and thresh-
old of toxicity in young leaves of safflower grown at variable Zn

supply.
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as the nutrient concentration in the tissue associated
with 90% optimal yield were 21 and 30 jjg Zn g"1dry
matter respectively. The deficiency values of Zn In
leaves associated with 50% depression in dry matter
yield (compared to the optimal) was 15 fig Zn g"1dry
matter (Fig. 1).

Enzyme activity : The activity of carbonic
anhydrase was determined by the level of Zn supply.
Plants grown with 0.001 to 0.1 |jg Zn L'1showed
very low activity of carbonic anhydrase. Increasing
Zn supply increased the activity of the enzyme which
reached the maximum at 10jag L"1 Zn supply. Aldolase
activity was influenced by the level of Zn supply.
Compared to that in plants grown with 2 and 10 \xg
Zn L 1the aldolase activity was much lower at less
than 1.0 |[ig Zn L*1 The extent of the decrease in the
activity of aldolase due to Zn deficiency was related
to the Zn supply. Zinc effect on the activity of
ribonuclease was just the opposite. The activity of
ribonuclease increased significantly below 1.0 jag
Zn L 1 and the magnitude of the effect was largely
related to the limitation in Zn supply (Fig. 2).

DISCUSSION

Zinc deficiency symptoms in safflower appeared
In two phases. Initially, the young leaves became
reduced In size, thick, dull green in color and brittle
to touch, but did not develop any chlorosis and leaf
wrinkling as reported for some other crops (Sorghum-
Ohki, 1984; Eucalyptus-Wallace et al., 1986; Sub-
terranean clover-Reuter et al., 1982). At later stages,
the old leaves of Zn deficient safflower plants devel-
oped chlorosis and necrosis along the leaf margins.
This was followed by bronze coloration of the veins
and stem. In plants grown at 2 and 10 pg Zn L'1leaf
Size was reduced due to Zn toxicity. The reduction In
size and number of leaves, branching and biomass in
plants subjected to Zn deficiency Is attributed to
Inadequacy of Zn needed for maintaining the func-
tional role In plant metabolism (Marschner, 1986).
Poor development of head and seeds of Zn deficient
plants, Is attributed to a role of Zn in anther devel-
opment and pollen viability (Sharma et al., 1987,
1990). Zinc effect on seed yield of safflower was
several magnitude larger than on the vegetative yield,
suggesting a role of Zn in determining the sink ca-
pacity. Zinc toxicity also appreciably depressed seed
yield and growth.

Zinc concentration in the young leaves reflected
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Figure 2. The tissue concentration of zinc and specific activity of
carbonic anhydrase, aldolase and ribonuclease in young leaves of
safflower grown at variable Zn supply. Vertical lines represent
LSD at P=0.05.

the status of Zn supply. Plot of relative yield at har-
vest against leaf tissue concentration of Zn at 64
DAS showed that from 21 to 30 jig Zn g'l1dry matter
represented sufficiency for Zn in safflower, the criti-
cal levels for deficiency and toxicity of Zn being 21
and 30 jag Zn g"1dry matter respectively. Less than
15 jig Zn g-1 d»y matter indicates severe deficiency
(50% optimal yield).

As In some other plants (Dwivedi and Takkar,
1974; Sharma et al., 1987) Zn deficiency caused an
Increase In the ribonuclease activity in safflower. A
decrease In the activity of aldolase under Zn defi-
clency suggests a requirement of Zn as a cofactor
(O'Sullivan, 1979; Sharma et a/., 1981; Sandmann
and Boger, 1983). The decrease m carbonic anhydrase
activity observed In Zn deficient safflower Is in con-
sonance with observations made for other plants-
Citrullus (Sharma et al., 1981), Pecan (Snir,1984),
Eucalyptus and Trifolium (Dell and Wilson, 1989).
The decrease iIn the activity of aldolase and
carbonic anhydrase was associated with iInduction
of Zn deficiency symptoms. However, the decrease
In activity of carbonic anhydrase was more signifi-
cant than in aldolase, and gave a better indication of
the extent of Zn deficiency. Therefore, carbonic
anhydrase and the leaf tissue Zn serve as suitable
Indicators of Zn status of safflower. Increase In
ribonuclease under Zn deficiency, as observed here,
has also been suggested as iIndication of Zn
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deficiency, but this may not be specific as the defi-
ciency of several other elements is also reported to
cause enhancement in this enzyme.
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