Effect of Nitrogen Level and Water Deficit on Nitrate Reductase Activity (NRA)
from Leaves of Two Sugarcane Cultivars — Co 957 1001*

ABSTRACT

Iwo commercial sugarcane cultivars grown in Nigeria
(Co 957 and Co 1001} were given three levels of nitrogen
fertitizer eguivalent to {3, 100 and 200 kg N/ha and subjected
to water stress lasting seven days at two ages during growth
in a pat experiment. The abjective was to investigate the ef-
fects of nitrogen levels and water deficit on nitrate reductase
activity {NRA) and water status in sugarcane leaf, The recov-
ery rates of the plants were also investigated by measuring
NRA and water status after re-watering the plants, Nitrate
teductase activity (NRA) augmented with increasing nitrogen
fevels when moisture was adequate. However, during the
stress period, NR activity dissppeared faster at higher aifro-
gen levels with advancement of the stress period. The relative
water content of leaf was also found to increase with N levels
and decrease with stress period advancement. Similarly, NR
activity was found to decrease with age of the plant. Further-
more, the variations in NR activity caused by water deficit
increased with age. At all nitrogen levels, Cv. Co 957 had
higher NR activity than Cv. Co 1001, However, the differ-
ences were only significant at eight weeks after planting,

INTRODUCTION

| he productivity of agricultural piants is limited
largely by nutrient deficiency and drought. Nu-

b trient deficiency of field crops is usually diag-
nosed by appraisal of visual symptoms and leaf or soil
analysis. However, these methods may be inaccurate,
labourious, or symptoms may appear too late for the
cause to be remedied without significant loss of pro-
duetivity (10, 19) Moreover, leaf analysis usually
fails to distinguish between the biochemically zctive
ions of an element and the relatively inactive or the
total ion amount. Bar-Akiva and Sterabaum (3) were
of the opinion that the examination of element activ-
ity in the plant cell may increase the effectiveness of
plant analysis as a tool for appraisal of nutrient status
of field and horticultural crops Thus, there has been
increased interest in the use of enzymes as bjochemi-
cal markers of nutrient deficiencies (2, 3, 5, 10).
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COMPENDIO

Se realiz6 un estudio para investigar los efectos de niveles
de nitrdgeno y déficit hidrico sobre el estado de hidratacion
de la  hoja asi como la actividad de reductasa del nitrato
(ARN) en cafia de azdeer (Saccharum officinarunt). Se esta-
blecid un experimento en potes con dos variedades de cafia,
Co 957 y Co 1001, a las cuales se les aplicd tres niveles de
fertilizante nitrogenado equivalente a 0, 100, y 200 kg N/ha,
ademais de estrés hidrico por un periodo de siete dias a dos
diferentes edades del cultivo. También se determind las tasas
de recuperacion de las plantas midiendo la actividad de NR y
el estado hidrico de las plantas después de rehidratar fas mis-
mas. La actividad de ln NR aumentd con los niveles de N sila
humedad era adecuada. Sin embargo durante el periodo de
estrés la actividad de la RN desaparecid a una tasa mais rdpida
en los niveles altos de N conforme el estrés avanzaba. De igual
manera {2 actividad de Ia RN bajd con ln edad de s planta,
mas aun las variaciones en la actividad de la NR causadas
por el déficit hidrico aumentaron con la edad. En todos los
nivetes de N el cultivar Co 957 mosted mayor actividad enzi-
mitica que el cv. 1001 sblo después de ocho semanas de
sembradas.

The suitability of nitrate reductase assay as an in-
dicator for the determination of nitrogen status in
plants, following the demonstration of the activity of
the enzyme systems in the leaves, has been reported
{3). The level of nitrate reductase activity could also
be used as a physiological nitrogen status of the plant
(3), while the magnitude of its inducibility could be
used as a measure of the capacity of the plant to
utilize nitrate from the soii (11). The non-constitutive
nature of NR and the dependence of the enzyme on
the presence of nitrate have been widely noted in
higher planis (13, 15, 25,27, 28, 29)

However, other reports have indicated that water
deficit may cause loss of activity of the NR enzyme
in leaves of higher plants. Mattas and Pauli (21) have
reported a reduction of about 84 percent in NR in
corn after wilting Similarly, a decrease of about 50
percent was obtained in barley (Hordeum vuigare)
after three days of drought (16). Bardzik et al (4)
observed that NR decreased markedly with a water
deficit of 10-20 percent, while Viqueirz ef al (32)
reported a significant negative correlation between
water deficit and NR in sugarcane leaf
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The sugarcane plant has been found to respond in
a linear fashion to nitrogen fertilization. However,
NRA has been implicated in the assimilation of ni-
trate. The objective of the present study was to deter-
mine the effect of variations in external nitrogen sup-
ply and water deficit on nitrate reductase activity in
sugarcane leaf

MATERIALS AND METHODS

Two cultivars of sugarcane — Co 957 and Co 1001
{both of which constitute about 80% of commercial
sugarcane cultivars in Nigeria) were grown (using one-
budded sets) in pots filled with loamy sand soil
(Table 1). Three levels of nitrogen fertilizer in the

form of calcium ammonium nitrate (CAN) at rates
equivalent to 0, 100 and 200 kg N/ha were applied to

the cane plants in a factorial experiment replicated
four times. The plants were watered twice weekly
from planting until eight weeks after planting, when
the first moisture stress was initiated by withholding
water for seven days, after which water was re-intro-
duced in a recovery trial. These processes were re-
peated at 16 weeks after planting During the stress/
recovery periods, plant leaves were sampled for water
status and nitrate reductase activity determination at
zero, three and seven days after irrigation was sus-
pended; and at one, three and seven days after water
was re-introduced . The study was carried out between
November 1985 and February 1986 (Atmospheric
conditions showed a relative humidity of 49 7.64 7%
and a temperature of 34°C)

Leaf Water Status Measurement Leaf status was
estimated by the method of Weatherly and Slayter
(30}, as described by Naidu er af (23} Duplicate
10 cm sections were taken from the mid-point of the
No. 2 leaf of a plant. The original weight was deter-
mined immediately after harvest, and the tissue was
floated in distilied water for 24 hours in a closed
chamber. At this time, the saturated weight was
taken, and the tissue was dried at 95°C for 24 hours
for dry weight determination. From the data ob-
tained, the percent relative water content (RWC) and
water saturation deficit (WSD) were estimated as fol-
lows:

Fresh weight — Dry weight 100
Turgid weight — Dry weight *7

% RW(C =

WSD = 100 — % RWC

Nitrate reductase assay. The in vivo assay tech-
nique of Mulder er al {22), as described by William
and Paniel (31), was used. A 10 c¢m section of No. 2
hiade {the spindle leaf half or more open was desig-
nated No. 1, the next most mature leaf was No. 2

Table 1. Some physical and chemical properties of soil used

in the study.

Sand  (%0) 624
Silt (%) 280
Clay (%) 96
Texturai class Sandy loam
PH (in 0.1M Cacl,) 440
Na (ppm) 4292
K (ppm) 16 67
Total N (%) 016
Organic matier (%0) 220
CE.C. meg/100 g soil 1617
Available P (ppm) 302.42

{20)] was rinsed with distilled water to remove all
traces of soil Then the leaf was chopped into 1-2 mm
segments, out of which 200 mg was irmmediately put
into a test tube confaining the incubation medium.
The medium is a mixture of 5 mi 0.1M KH, PO,
(PHY 53, 3 mbof 1% (vlv) 1 — propanol and 2 m} of
0 IM KNQ; The contents were infiltrated three
times for about iwo minutes each time. The tubes
were subsequently incubated for one hr in the dark
at 37°C. The nitrate formed was assayed by adding
I mi of 1% (wlv) sulphanilic acid in 3N Hel, and 1 ml
002% (wlv) of 1 — napthylamine, 7 — sulphoric acid
to the incubated medium Colour was aliowed to de-
velop for 30 minutes and its absorbance was mea-
sured in & Bausch & Lomb Spectronic 20 at 540 nm
A standard curve was prepared with sodium nitrite,
and the amount of NO7? in the sample was estimated
from the curve The enzyme activity was expressed as
u moles NOZ? produced per hour incubation period
per gramme {resh leal weight

RESULT AND DISCUSSIONS

Cv. Co 957 recorded consistently higher nitrate
reductase activity {(NRA) at all nitrogen levels than
Cv. Co 1001 during the two periods of sampling when
soil moisture is non-limiting However, the differences
were only significant at the early age (8 WAP) (Fig
Similar differences in NR activity among cultivars of
sugarcanie have been rteported {32) The level of NR
activity could be used as z physiological nitrogen
status of a plant (3), while the level of its inducibility
had been used as a measure of the capacity of the
plant to utilize nitrogen from the soil (11} Cv Co
957 could then be said to have higher physiological
nitrogen status than Cv. Co 1001, and thus possess
the capacity 1o take up and utilize more nitrogen
from the soil, as high NR activity in the plant suggests
a higher rate of nitrate reduction and utilization of
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reduction product (24) The importance of nitrogen
in cane yield had been widely noted (7, 8, 26). The
ability of Cv Co 957 to utilize nitrogen from the soit
better could then explain its usual significantly better
yield as compared te Cv Co 1001 Similarly, heavy
nitrogen fertilizer application had been observed as an
important factor in flowering control in suarcane
(6, 12) This presumably was to make the plant take
up excess nifrogen, thereby prolonging its vegetative
growth Thus, Cv. Co 957, with its ability to take up
higher concentrations of nitrogen {rom the soil, has
not been observed to flower under Nigerian condi-
tions, while Cv Co 1001 is known to flower profuse-
ly. Both cultivars had higher relative water content
and hence low water saturation deficits {(Fig 1)

NR activity showed a positive linear relationship
with increasing nitrogen level when soil moisture is
non-limiting (Fig. 1) This linearity was significant
{at P = 0 05) for the differences between the two ni-
trogen levels and the control enly at eight weeks after
planting. Like enzyme activity, the relative water
content {RWC) showed signs of a positive linear rela-
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Fig. 1 Effect of nitropen levels and plant age on nitrate
reductase activity {(NRA) and water status in leaves
of two sugar cane cultivars

tionship with nitrogen levels. However, water satura-
tion deficit (WSD), negatively correlated with RWC,
decreased with increasing nitrogen levels

The increased enzyme activity with increasing ai-
trogen levels observed in this study supports the view
that nitrate reductase is a non-constitutive, inducible
enzyme {1, 14) The dependence of the enzyme on
the presence of nitrate has been widely noted in other
higher plants (25, 28, 29) A constantly low level of
the enzyme activity in roots of maize in the absence
of nitrate has been reported (27). Thus, in the present
study very low activity of NR was recorded from
plenis given zero N (at § WAP) and in all plants at 16
WAP. The low level of enzyme activity exhibited by
all plants (including those given higher N levels at
planting) at 16 weeks after planting was an indication
that the fast-growing plants had exhausted the ap-
plied nitrogen

The increase in leaf RWC with increased nitrogen
levels was in line with the observation of Clements
and Kubota (9), who reported a close relationship
between nitrogen concentration and leaf moisture
content in the sugarcane plant. The report of these
authors implied that plants growing under conditions
of inadequate nitrogen supply are likely to have low
moisture content no matter what the moisture con-
ditions in the soil are A significant positive correla-
tion similar to the one observed in this study {r =
0 63) has been reported between NR activity and
RWC content of sugarcane leaf (32}, This explains
the dependence of the response of cane plants to ad-
ditiona! nitrogen applications in the soil moisture
regime.

Tables 2 and 3 show the effect of water stress on
NR activity and WSD of the ieaves of the two sugar-
cane cultivars at eight and 16 weeks after planting
respectively. NR  activity reduced with increassd
water stress period, while WSD increased simultane-
ously during the same period The results further
showed that a zera N level showed less variation in
enzyme activity during the stress period, while the
higher nitrogen levels showed greater variations at
8 WAP. Similarly, Cv. Co 957 showed a higher varia-
tion in NR activity than Cv. Co 1001 at both ages
during the drought periods (Table 4) Seven days
after irrigation was suspended, decreases in enzyme
activity up to 64.38 (Cv. Co 957), 4742 (Cv. Co
1001), 9241 (Cv. Co 957), and 91 12 (Cv. Co 1001)
percent were observed at eight and 16 weeks after
planting, respectively. In both cultivars, enzyme ac-
tivity decreased with age, while variations in NR ac-
tivity occasioned by water stress increased with age.
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Table 2. Effect of moisture stress on nitrate reductase activity (u moles NOJ' hr™ g™ fresh weight) and water saturation deficit
(%} in leaves of two sugarcane cultivars given different levels of nitrogen fertilizer at 8 WAP,

Nitrogen Cv. Co 957 Cv. Co 1001
fevel NR activity Water saturation deficit (%) NR activity Water saturation deficit (%)
(kg/ha)
Stress period 0 3 7 ¢ 3 7 0 3 7 0 3 7
(days)
0 0.912 0.781 0778 569 17 28 26 90 0562 0385 0312 631 1539 17 47
100 1.687 0.369 0.206 423 14.63 34 30 0919 G656 0.500G 835 12.29 21 .26
200 2,128 (.337 0.206 3.04 11.15 24.59 1.112 $.587 0.531 1347 15,60 23.56
LSD{0.05) 0.487 380 0.229 10.73 419 4.5 0.487 {.380 (3.229 10.73 419 4.79

These results supported the earlier report of Vi-
queira et al {32), who observed decreases in NR ac-
tivity of two sugarcane cultivars with increasing plant
age and drought advancement Similar decreases in
nitrate reductase activity at different times after irri-
gation was suspended have been earlier observed for
other crops (4, 16). At higher N levels, NR activity
disappeared faster with increased Qr'ougllt period as
plants with higher nitrogen levels lost water more
rapidly than the control. This could be due to higher
leaf surface areas and hence higher transpiration rate.
Moreover, higher physiological activity as epitomised
by higher NR activity will result in a higher rate of
water loss in plants. This observation supports the
view of Humbert (17), who reported that higher ni-
trogen encouraged larger leaf area, perhaps a disad-
vantage during deought

The rate of disappearance of enzyme activity and
leaf water status are indications of drought tolerance/
susceptibitity (23, 32). NR activity was observed to
decrease, and WSD to increase faster and more in Cv
Co 957 than in Cv Co 1001 with moisture stress se-

verity (Tables 2 and 3). This tends to suggest that the
latier is more tolerant to drought than the former.
However, field observations showed Cv. Co 957 to
tolerate drought conditions better than Cv. Co 1001,
Moreover, Cv. Co 957 had more dense and deeper
rooting habits, as well gs thinner stalks, than Co 1001.
Lal and Mehrotra (18) reported that a drought-toler-
ant variety generally possesses higher green leaf num-
bers, larger shoot numbers per plant and thinner
stalks. This supports the observation that Cv. Co 957
(usually with more green leaves and shoots per plant,
as weil as thinner stalks) can tolerate drought better
However, the rationale for the rapid loss of enzyme
activity could then be as supgested by Viqueira e af
{32): a greater decrease of enzyme activity in a
drought-tolerant variety could be considered as an
adaptation mechanism for reducing energy require-
ments during moisture stress,

Tables 5 and 6 show that NR activity and leaf
water status recovered rapidly when piants were re-
watered during the two periods. By the third day
after the plants had been re-watered, NR activity in

Table 3. Effect of moisture stress on nitrate reductase activity (¢ moles NOT' =1 o=t freqh weight) and water saturation deficit
{56} in leaves of two sugarcune cultivars given different levels of nitrogen fertifizer at 16 WAP,

Nitrogen Cv. Co 957 Cv.Co 1001
level
{ke/ha) NR activity Water saturation deficit (%) NR. activity Water saturation deficit
Stress period 0 3 7 0 3 7 4] 3 7 0 3 7
(days)
0 1.00 0.400 0.055 543 10 02 14 43 0662 0500 € 062 963 11 85 14 88
100 0 825 G.337 0.062 843 9.80 13.61 0862 3450 C.082 1094 13.16 13 46
200 0825 G212 0.08C 796 19 44 2110 0850 0525 0065 1210 13 38 13 85
1SD0LS 0299 0175 02t 2121 508 194 0299 0175 0021 121 508 194
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fable 4. Variations in nitrate reductase activity (NRA) in sugarcane leaf seven days after irrigation was suspended at eight and 16 weeks
after planting.

Enzyme activity variations {%5)

Level of nitrogen Eight weeks after planting 16 weeks after planting
(kg/ha)
Cv. Co 957 Cv. Co 1001 Cv. Co 957 Cy. Co 1004
0 1502 431,95 94 .50 90.63
100 8779 4559 9148 9 49
200 90.30 52.25 50.3¢ 9235
Mean 64.37 4726 9243 91.16

Table 5. Effect of plant recovery (after re-watering) on NRA and WSD in leaves of two sugarcane cultivars given different level of ni-
trogen fertilizer. Data taken at 8 WAP.

Nitrogen Cv. Co 957 Cv. Co 1001
level
(kg/ha) NR activity Water saturation deficit (%) NR activity Water saturation deficit (%)
Recovery Pe- 1 3 7 1 3 7 1 3 7 1 3 7
riod (days)
0 0.887 1.062 919 0.96 533 448 t412 0.706 0.487 545 1180 10 35
100 1.206 2.306 24325 7.34 8.80 961 0912 1075 1.400 10 26 14 40 912
200 1916 315 1.537 12 36 1557 7.06 1.381 1.687 1400 7.37 14.86 963

LSD (0.05) 0.440 0.704 0638 2581 288 411 0.440 0704 0638 291 289 411

Iable 6, Effect of plant recovery {after re-watering) on NRA and WSD in leaves of two sugarcane cultivars given different levels of ni.
trogen fertilizer, Data taken 16 WAP.

Nitrogen Cv. Co 957 Cv. Co 1001
levei
(kg/ha) NR activity Water saturation deficit (¥5) NR activity Water saturation deficit (%)
Recovery Pe- 1 3 7 1 3 7 1 3 7 1 3 7
riod (days)
0 0.135 1.125 0.837 9232 11.45 12,37 0.175 {812 G475 1211 1133 14 .52
100 0200 0.937 04650 7.25 13 65 11.3t 8.173 0.975 0.675 921 12 86 1133
200 0.150 0.925 0.520 12.59 15.46 10.42 €150 0737 0537 991 1170 11 99

L3D (0.035) (0.058 0429 0237 4123 479 324 6.058 0429 0237 4.23 479 i
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feaves of the two cultivars of sugarcane had increased
appreciably, with values grester than the pre-stress
values being obtained. However, by the seventh day
after re-watering, the NR activity had stabilized to
near the pre-stress levels. The increase in NR activity
by the third day of recovery couid be due to influx
of N through rapid water intake by plants However, as
the physiological activities of plants increased, the
concentration of nitrogen dropped, hence the drop in
NR activity The high rate of recovery is an indica-
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