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Abstract

A field experiment was conducted to investigate the changes in
photosynthetic pigment of BARI Gom-25 as affected by foliar spray of NAA and
N-fertilizers. The experiment consisted of seven different concentrations of NAA
(NAAo=0, NAA1=10, NAA2= 20, NAA3 = 30, NAA:= 40, NAAs =50 and NAAs =
60 ppm) and five N-levels (Fo=0, Fi1=25, F.=50, Fs=75 and Fs=100% of the
recommended dose) and their 35 combination treatments. Results revealed that
foliar application of 40 ppm NAA (NAA:) produced higher chlorophyll a content
at all stages (tillering, flowering and grain filling) and were significantly higher
than control at tilling and flowering stages. Chlorophyll b and carotenoid
contents did not show any general trend to NAA at any stage except at tilling
stage. Application of 50% of the recommended N-fertilizer (F2) produced
significantly maximum photosynthetic pigment contents at tilling stage whereas,
at flowering stage the same results were obtained from 100% of the
recommended N-fertilizers (F4) but with few exceptions. At grain filling stage,
photosynthetic pigment did not show any general trend to N-fertilizer
application. Findings on combined effects indicated that 20 and 30 ppm NAA in
combination with 50% N-fertilizer (NAA:2F2 and NAAsF2) had produced
significantly maximum chlorophyll a content at tilling stage. However, at
flowering stage the highest chlorophyll a content was noted from NAA:zF:
treatment (20 ppm NAA in combination with 100% N-fertilizer). Findings also
revealed that combined application of NAA and N-fertilizer had not resulted any
general trend on chlorophyll b and carotenoid contents in most of the cases
where the maximum value in photosynthetic pigment was found depending on
the concentrations of NAA, fertilizer dose and plant growth stages.

Introduction

Fertilization has a strong effect on productivity, nutritional quality management and
the regulation of harvest formation processes @. Nitrogen (N) fertilizers plays key role in
agriculture and stimulating a lot of essential processes in plants. It is an important
constituent of chlorophyll molecules which enables the plant to transfer energy from
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sunlight by photosynthesis. But excessive use of fertilizer is proven to cause a number of
environmental and ecological problems within and outside of farmlands viz. air
pollution, soil acidification and degradation, water eutrophication, crop yield reduction
etc.@3). In addition, the amount of nitrogen applied to plants must be care-fully managed
to ensure that N will be available throughout the growing season and the vegetative and
reproductive development will be not restricted®. However, reports regarding the effects
of N fertilizer on growth, yield, grain quality and nitrogen use efficiency are available
from all over the world & but are lacking in relation to pigment contents®.

On the other hand, the use of plant growth regulators especially Naphthalene acetic
acid (NAA) has played dramatic role in reducing the demand of N fertilizers and
producing improved results in wheat®9. Previous investigations have also shown that
application of optimum concentrations of NAA produced better stimulations in various
cereal crops including wheat (0-11), Thus, an attempt was taken to investigate the changes
in photosynthetic pigment of wheat var. BARI Gom-25 as affected by NAA in
combination with various N-levels.

Materials and Methods

A field experiment was conducted at the botanical garden of the Department of
Botany, University of Dhaka. The experiment was laid out in randomized block design
with four replications. The total area of the experimental field was 98.56 m2 (17.60 m x
5.60 m) and was prepared conventionally. Nitrogen, phosphorus and potassium content
of experimental soil were determined by Micro-Kjeldahl’s method@?), ascorbic acid blue
colour method®® and flame photometer®, respectively. The initial properties of soil
revealed low amount of nitrogen, very high amount of phosphorus and very low amount
of potassium. Chemical fertilizers and cow-dung (4 ton/ha) were applied at doses
recommended by Fertilizer Recommendation Guide 2012¢5). Two-thirds of urea and full
of the other fertilizers were applied as basal dose during final land preparation. The
remaining urea was applied immediately after the first irrigation (18 days). A modern
high yielding variety of wheat var. BARI Gom-25 was selected for this experiment. Seeds
were collected from BARI, Joydebpur, Gazipur and were sterilized with 0.5% calcium
hypochlorite before sowing. Seeds were sown on November 15, in lines 20 cm apart
maintaining plant to plant distance of 10 cm. Cultural practices viz., thinning, irrigation,
weeding etc. were done following Hand Book of Agricultural Technology@®).

The trial consisted of seven different treatments of NAA viz. NAAo = foliar spray of
distilled water only and NAA:, NAA2, NAAs NAA:;, NAAs and NAAs represent foliar
spray of 10, 20, 30, 40 , 50 and 60 ppm NAA, respectively. There were also five levels of
N-fertilizers treatments viz. Fo = without application of urea and Fi, F2, Fs, Fs+ = 25, 50, 75
and 100% of the recommended dose of urea. Considering seven foliar NAA and five
levels of N-levels, this experiment comprised of 35 combination treatments. Foliar spray
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was done at the age of 30 days. Photosynthetic pigment viz. Chlorophyll a (Chl. a),
Chlorophyll b (Chl. b) and total carotenoid contents of leaves were determined at
tillering, flowering and grain filling stages. Fresh leaves were collected randomly from
eight plants (2 from each replication) for each treatment at all stages. The analysis of
pigments was determined spectrophotometrically. The amount of Chl. a and b were
determined by using specific absorption co-efficient of McKinney®” and the formulae of
Maclachalan and Zalik®®. The amount of carotenoid were determined by the equation of
von Wettstein@). Data were analyzed statistically and treatment means were compared
by LSD test at 5% level of significance(0.

Results and Discussion

Application of NAA and N-fertilizer as well as their combined effect had significant
influences upon photosynthetic pigment contents of leaves at different stages but with
few exceptions.

Photosynthetic pigment contents of leaves were positively influenced by NAA
application at tillering stage except chl. b content due to NAA:; NAA: and NAA;
treatments (Table 1). At this stage, all treatments resulted significantly higher Chl. a
content except due to NAA: treatment and the maximum value (0.15 mg/g) was recorded
from NAA: treatment. The range of increases were 12.50 to 175% whereas, the only
decrease due to NAA: was 50%. However, application of NAA treatments had no
significant effect on Chl. b content. Significantly higher amount of carotenoid content of
leaves were recorded from all NAA treatments where, the highest increase due to NAAs
treatment was 66.42% followed by NAAs treatment (63.75%). At flowering stage,
significantly higher Chl. a content of leaves was obtained from NAA: and NAAs
treatments where the maximum increase due to NAA4 was 25% over the control. At this
stage, Chl. b and carotenoid content obtained from NAAs treatment although higher
than control but statistically identical to each other. Application of NAA« treatment
although resulted higher Chl. a and carotenoid content at grain filling stage but
statistically not different from control. At this stage significantly maximum carotenoid
content was obtained from NAA:treatment (6.61 mg/qg).

Similarly, Singh and Gill (1985)@) reported the stimulating effects of NAA on
chlorophyll contents of leaves in wheat and barley. Depending on the concentrations of
NAA both increase and decrease in photosynthetic pigment were obtained in maize@.
Results of this experiment are also in accord with the findings of Jahan and Adam in two
varieties of rice@)

Results presented in Table 1 showed that application of various doses of N-fertilizers
had significant responses on pigment contents of leaves at different stages. At the
tillering stage, all the photosynthetic pigment contents were recorded maximum
following F2 treatment whereas, minimum due to Fi.. Treatment F. resulting maximum
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Chl. a and carotenoid were significantly different from the rest of the treatments. In case
of Chl. b content although the maximum and minimum were also recorded from F. and
F1 treatments, respectively, where both are significantly different from each other but
statistically similar to control.

Table 1. Effects of NAA and N-fertilizer on photosynthetic pigment (mg/g) of leaves of BARI Gom-25 at
three different stages.

Tillering stage Flowering stage Grain filling stage
Treaments - la chib i"’r‘]roolds Chl.a  ChlLb i"’r‘]roolds Chl.a  ChlLb i"’r‘]roolds
NAA
NAAo 0.08 ¢ 0.09ab 4.11f 0.20b 0.07ab 6.70a 0.19ab 0.07a 6.05b
NAA: 0.03d 0.06 b 4.18e 0.19b 0.06 bc 4.76¢c 0.18bc 0.06 a 581b
NAA: 0.13ab 0.07b 5.88¢ 0.19b 0.05¢ 552b 0.16 d 0.07a 5.22¢
NAA; 0.11b 0.07b 5.04d 0.20b 0.06 bc 6.36a 0.19ab 0.07a 596 b
NAA4 0.15a 0.09ab 6.73ab 0.25a 0.06 bc 6.39a 0.20a 0.07a 6.09b
NAAs 0.13ab 0.11ab 6.51b 0.20b 0.08 a 6.78 a 0.19ab 0.07a 6.61a
NAAs 0.13ab 0.13a 6.84a 0.24a 0.06 bc 6.64a 0.17cd 0.04a 537¢
N-Fertilizer
Fo 0.08 ¢ 0.10ab 4.55d 0.21c 0.07a 6.87b 0.15¢ 0.08ab 5.67b
F1 0.04d 0.05b 447d 0.02d 0.04b 3.37¢ 0.13d 0.09a 6.13a
F2 0.22a 0.12a 779a 0.25b 0.07a 6.72b 0.20b 0.05b 579b
Fs 0.12b 0.10ab 5.92b 0.24b 0.07a 6.41b 0.22a 0.06ab 5.96 ab
Fa 0.09¢ 0.08ab 5.32c 0.33a 0.07a 744 a 0.20b 0.05b 5.65b
CV (%) 10.21 9.57 14.05 18.03 17.96 12.50 19.63 14.44 9.32

LSD(0.05) 0.02 0.05 0.32 0.01 0.01 0.48 0.01 0.03 0.33

Mean in a vertical column followed by same letter or without letter do not differ significantly at 5 % level.

At flowering stage, significantly higher Chl. a (57.14%) and carotenoid (8.30%) were
obtained from F+ treatment whereas, Chl. b content was affected with similar statistical
values. Results revealed that F: treatment produced significantly lowest photosynthetic
pigment at this stage.

At grain filling stage, significantly higher amount of Chl. a was recorded from F2, Fs
and F: treatments and increased by 33.33, 46.67 and 33.33%, respectively. Different doses
of N-fertilizer resulted higher carotenoid content of leaves where, F. treatment produced
8.11% higher value over the control. However, the maximum Chl. b was obtained from F:
and the minimum from F2 and both these are significantly different from each other but
statistically at par with the control.

Present findings indicated that photosynthetic pigment are very sensitive to nitrogen
levels and 50% of the recommended dose (F2) produced maximum photosynthetic
pigments at tillering stage whereas at flowering stage the maximum was noted from
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100% of the recommended dose (F:) treatment. But no general trend was found in
photosynthetic pigment contents at grain filling stage. Although reports regarding the
effect of N-levels on photosynthetic pigments are scanty. But, findings of Tranaviciené
et al.® reveled that total photosynthetic pigment contents increased with plant age and
were higher at higher fertilization rates.

Pigment contents of leaves were both significantly and non-significantly influenced
by NAA at varying N-levels (Table 2). At tillering stage, Chl. a content of leaves was
obtained maximum (0.38 mg/g) following both NAA:F. and NAAsF: treatments and were
significantly different from rest of the treatments. The least amount of Chl. a (0.01 mg/g)
was recorded from the leaves of NAAoF: and NAAsFs treatments and were significantly
different from control. Combined treatments had retarding effect on Chl. b content of
leaves although NAAsF2 and NAAgF: treatments produced higher values but statistical
identical to control. At this stage, carotenoid content of leaves were significantly higher
following all treatments where the maximum increase due to NAA:F. treatment was
383.08% followed by NAAsFstreatment (380%).

Table 2. Combined effects of NAA and N-fertilizer on photosynthetic pigment (mg/g) of leaves of BARI
Gom-25 at three different stages.

Treatments Tillering stage Flowering stage Grain filling stage
(NAAXF)  Chla  ChLb %% chia chlb 2% cha Chlb o
NAAF, 0.09e 0.16 a-d 195p 0.22ij 0.08bc 7.95c-e 0.21ef 0.12a 7.30 bc
NAA;Fy 0.08 ef 0.11d-g 4.40 jk 0.21] 0.06de 6.43Im 0.080p 0.11a 4.83n
NAAF, 0.18d 0.12 d-f 6.80 e 0.06 0 0.02hi 2.87u 0.07p 0.06 cd 3.30q
NAA;F, 0.08 ef 0.12 d-f 5509 0.13Im 0.07cd 6.491 0.21 ef 0.11la 757b
NAAFy 0.05gh 0.11d-g 5.95f 0.35b 0.07cd 7.85c-f 0.13m 0.06 cd 4.98 I-n
NAAsF, 0.02 j 0.03i 2.620 0.141 0.12a 8.01b-d 0.18hi 0.06 cd 6.85 d-f
NAAsFy 0.02 ij 0.05 hi 4.60ij 0.34b 0.08bc 8.48ab 0.13m 0.04 cd 4.86n
NAAGF; 001j  003i 276n0 004p 012a 492pg 014Im 007bc 586 gh
NAAF, 0.02 ij 0.04i 4.79 hi 0.02q 0.05ef 125w 0.21ef 0.06 cd 6.80 ef
NAAF, 0.05gh 0.03i 4.571ij 0.01q 0.01i 4.78q 0.09n0o 0.10ab 4.85n
NAA;F, 0.06 fg 0.03i 4.68ij 0.02q 0.03gh 4.24r 0.10n 0.11la 6.62 f
NAAF, 0.03h-j 0.07f-i 4.74i 0.01q 0.01i 2.36v 0.13m 0.11la 5.37 i-k
NAAsF, 0.03 h-j 0.07 f-i 5.07h 0.02q 0.02hi 3.40s 0.13m 0.13a 8.09a
NAAgsF, 0.09e 0.07 f-i 4.711j 0.02q 0.02hi 264uv 0.15kl 0.04 cd 5.29 j-
NAAF, 0.06 fg 0.07 f-i 5.56 ¢ 0.29ef 0.07cd 741fi 014Im 0.04cd 4420

NAA;F, 0.02 ij 0.07 f-i 4.18 ki 0.10n 0.04fg 3.36s 0.17 ij 0.04cd 5.21j-m




174

ADAM et al.

Treatments Tillering stage Flowering stage Grain filling stage
(NAA x F) Chl.a  ChLb t‘;ﬁ;‘:d Chl.a  Chlb t‘e:ﬁ;‘l’d Chl.a  Chlb t‘e:ﬁ;‘l’d
NAAF, 0.38a 0.10e-h 942 a 0.19k 0.06de 551no 0.20fg 0.06cd 4.88mn
NAAsF; 0.38a 0.11d-g 9.35a 0.30de 0.08bc 7.63d-h 02lef 0.04cd 5.11k-n
NAAsF; 0.31b 0.11d-g 8.83b 0.28fg 0.08bc 7.06i-k 0.24bc 0.06cd 7.13c-e
NAAsF, 0.17d 0.16 a-d 842c 030de 0.09b 830ac 0.25b 0.06cd 7.16cd
NAAsF, 0.25¢ 0.19 ab 8.79b 0.28fg 0.09b 7.76d-g 0.22de 0.05cd 6.61f
NAAoF; 0.05 gh 0.07 f-i 359m 012m 0.04fg 531op 0.24bc 0.06cd 6.12¢g
NAAF; 004g-i 006gi 347m 03lcd 006de 4.88pg 02lef 005cd 5.47ij
NAAF; 0.04 g-i 0.06 g-i 4.001 0.231 0.06de 595mn 0.24bc  0.06 cd 6.179
NAA;F; 0.04 g-i 0.07 f-i 2.99n 0.26h 0.07cd 6.82j1 024bc 0.05cd 6.159
NAAsF; 0.31b 0.14 b-e 9.36a 03lcd 0.07cd 7.47e-i 0.27 a 0.07 bc 6.78 f
NAAsF; 0.27c 0.11d-g 8.74bc  0.22) 0.09b 7.17h-j 0.16jk 0.04cd 4.88mn
NAAsF; 0.08 ef 0.20a 9.29a 0.27gh 0.07cd 7.31g-i 02lef 0.06cd 6.12¢g
NAAoF, 0.18d 0.11d-e 6.66 e 0.30de 0.03gh 791c-e 02lef 0.05cd 6.54 f
NAA;F, 0.02 ij 0.031i 4.071 0.32¢c 0.09b 7.89cf 025b 0.05 cd 6.76 f
NAAF, 0.02 ij 0.031i 4.621ij 045a 0.11a 852a 0.19gh 0.06cd 5.67hi
NAAsF, 0.01] 0.021i 2660 0.30de 0.07cd 6.60Kkl 0.17ij 0.05cd 4340
NAAsF, 0.03 h-j 0.021i 4.76 hi 0.32¢c 0.07cd 7.18h-j 0.22de 0.05cd 6.18 ¢
NAAsF, 0.17d 0.18 a-c 769d 03lcd 0.08bc 7.02i-k 0.23cd 0.07 bc 6.09 9
NAAsF, 0.19d 0.13 c-e 6.81e 0.30de 0.06de 7.00i-k 0.14 0.03d 3.95p
CV (%) 10.21 9.57 14.05 18.03 17.96 12.50 19.63 14.44 9.32
LSD (0.05) 0.02 0.05 0.32 0.01 0.01 0.48 0.01 0.03 0.33

Mean in a vertical column followed by same letter or without letter do not differ significantly at 5 % level.

At flowering stage, the maximum increase in Chl. a content due to NAA:F treatment
was 104.55% over the control followed by 59.09% (NAAsFo) and 55.55% (NAAsFo),
respectively (Table 2). The maximum amount of Chl. b content of leaves was observed
from two treatments, NAAsFo and NAAGF:. Increases in Chl. b content due to NAAsFo,
NAAOF: and NAA:F: treatments were 50.0, 50.0 and 37.50% over the control respectively.
Significantly maximum carotenoid content of leaves was observed from NAA:F.
treatment which was 7.17% higher over the control followed by 6.67% (NAAsFo), 4.40%
(NAAsF2) and 0.75% (NAAsFo) treatments respectively.

At grain filling stage, only a few combined treatments (NAAsF, NAAsF, NAAdFs,
NAA:F;, NAAsF, NAAF;, NAAF:, NAAsF:) had significant beneficial effect on Chl. a
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content of leaves. But in case of Chl. b content of leaves it was affected almost negatively
having an exception due to NAAsF: treatment. Significantly maximum (8.09 mg/qg)
carotenoid content of leaves at grain filling stage was due to NAAsF: treatment where it
was 10.82% higher over the control. However, the highest decrease in carotenoid content
was 54.79% due to NAA:zFo treatment. Islam 2015@4 obtained significantly higher Chl. a
and Chl. b content of leaves of BARI Gom-26 following NAA in combination with
various N-levels at flowering and grain filling stages but with few exceptions. However,
combination of NAA and N-fertilizer had not resulted any significant difference in
carotenoid content of leaves. Application of NAA at varying N-level produced negative
influences in pigment content of leaves at tassel initiation stage and both stimulatory and
retarding effects at grain filling stage of maize®@.

Conclusion

In plants, utilization of solar energy mainly depends on the relative amount and
efficiency of the photosynthetic pigments. Chlorophyll content of leaf is an important
factor for increasing or decreasing photosynthesis of any crop plant. It was evident that
application of NAA, N-fertilizer and their combined treatments had both stimulatory and
retarding effects on pigment content of leaves at different stages of BARI Gom-25.
Findings also revealed that combined application of NAA and N-fertilizer had not
produced any general trend on leaf pigments and the maximum value in photosynthetic
pigment was obtained depending on the concentrations of NAA, fertilizer dose and plant
growth stages.
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