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1. Introduction

To meet the demands of the increasing population world-
wide, innovative and safe methods are needed to boost the 
agricultural productivity of products and fresh vegetables 
from different ecological zones. The commonly used meth-
ods for the growth and development of plants are based on 
chemical additives and the change of properties of soil, 
water, and atmos phere. The role of these physical methods 
is well renowned for the enhancement of morphological, 
physiological, and agricultural characteristics. The impact 
of biostimulation in plants has drastically increased in recent 
years [1–4].

Light is the major factor in plant growth and fertility. 
Before the invention of laser, the effects of light on plants and 
seeds before sowing as well as during plant growth did not 
receive much attention. Laser can emit a high density of pho-
tons at a small solid angle. The excellent properties of lasers, 
such as monochromaticity, coherence, polarization, and high 
density, make it useful in not only all domains of engineering 
but also biology and plant growth [5–9].

Laser irradiation on seeds can increase the growth rate, 
productivity, root length, height, etc, and one of the hypoth-
eses that explain this effect is based on the storage of photon 
energy. This hypothesis states that the energy of photons is 
stored in seeds, and plants use this energy during the growth 
process. The changes that occur in the physiological state of 
seeds and plants can enhance their growth. These changes 
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Abstract
Wheat seeds (Triticumaestivum L.) were exposed to two different types of lasers, a He–Ne 
laser (633 nm) and an argon laser (514.5 nm), to study their effects on growth, germination, 
and physiological and biochemical characteristics such as the amounts of chlorophyll a, 
chlorophyll b, and carotenoids. A significant increase in the growth characteristics was 
monitored and studied keeping in view the length as well as fresh and dry weight of shoots and 
roots. Similarly, plant pigment contents such as chlorophyll a, chlorophyll b, and carotenoids 
were significantly changed. These significant alterations led to an increase in growth and 
germination compared with unexposed (control) wheat seeds. The experimental results of this 
in vitro study clearly demonstrate that different lasers like He–Ne laser and argon laser at low 
power significantly enhance the growth and germination of wheat seeds (Triticumaestivum L.) 
by positively influencing its physiological and biochemical characteristics.
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strongly depend on the type, wavelength, and intensity of laser 
radiation [10–14].

Different researchers have used a variety of lasers to accel-
erate plant growth and metabolism [15–18]. Treatment with 
He–Ne laser supports the stimulation of seedling growth and 
development [3]. It can repair UV-B-induced loss and curtail 
recovery time [19–21]. The damage induced by osmotic stress 
in wheat can be repaired using a He–Ne laser [22]. Paleg and 
Aspinall and Govil et al [12, 23] discussed the positive effect 
of suitable doses of He–Ne and CO2 lasers (continuous wave) 
in stimulating plant growth and metabolism. It was found that 
laser irradiation improved the concentration of proteins and 
enzyme activities [20, 21]. Moreover, the laser pretreatment 
of the traditional Chinese herb Isatisindigotica improved its 
yield and quality [1]. Different previous studies have also 
demonstrated that laser exposure not only safeguards the cells 
of seeds from damage due to boosted UV-B irradiation, but 
also repair seedling damage caused by enhanced UV-B [7, 
19–21]. The positive effect of microwave radiation in acceler-
ating seed germination was also illustrated by Rao et al [24].

Different combinations of laser exposures have been utilized 
in the agriculture sector to achieve enhanced productivity [1–3]. 
The present study investigates the effects of pre-sowing laser 
treatments of seeds on the early stages of wheat growth and 
germination, chlorophyll contents, and yield attributes under 
the agro-ecological conditions in the Kingdom of Saudi Arabia.

2. Materials and methods

Wheat-seed irradiation was performed using two types of 
lasers. We used 10 pots filled with equal weights of agricul-
tural soil and germinated seeds. Four seeds were planted in 
each pot. Wheat watering was performed using plain water 
during the germination period for 30 d. The plants were kept 
outdoors under field conditions.

2.1. Laser irradiation

Wheat seeds were exposed to He–Ne laser (633 nm) at a laser 
output of 20 mW and argon laser (514.5 nm) at different laser 
outputs of 10 mW, 20 mW, 40 mW, and 60 mW for various 
exposure times of 0.5, 1, 2, 4, and 6 h. The radius of the laser 
beam spot was 2 cm.

2.2. Growth measurements

Growth measurements were performed for the plants 15 and 30 
d after sowing. The measurements included the shoot length and 
root length. The growth measurements were performed through-
out the period of the experiment (eight measurements for each 
pot). The wet weights of the roots and shoots were also measured.

2.3. Extraction and determination of photosynthetic pigments 
of bio-membranes

The technique proposed by Metzner et  al [25] was applied 
to determine the photosynthetic pigments (chlorophyll a, 

chlorophyll b, and carotenoids) spectrophotometrically. The 
known fresh weight of leaves was standardized for 5 min in 
85% aqueous acetone. The standardized leaves were centri-
fuged, and the supernatant was prepared with a known volume 
of leaves by using 85% acetone. The photosynthetic pigments 
were measured at three wavelengths of 452.5 nm, 644 nm, and 
663 nm against a blank of pure 85% aqueous acetone.

In view of the dilution, it was easy to determine the pig-
ment fractions (chlorophyll a, chlorophyll b, and carotenoids) 
in units of μg ml−1 at different concentrations by using the 
following equations:

Chlorophyll a = 10.3 E 663 − 0.918 E 644
Chlorophyll b = 19.7 E 644 − 3.87 E 663
Carotenoids = 4.2 E 425.5 − (0.0264 chlorophyll a

+0.426 chlorophyll b) .

Chlorophyll content was estimated using a UV–VIS spectro-
meter (Unicam Helios).

3. Results

3.1. Effect of argon laser power of 10 mW on wheat seeds

Table 1 lists the results of exposing wheat seeds to argon laser 
beams of different laser powers (10–60 mW) for different irra-
diation times (0–6 h). In figure 1(a), we can observe a signifi-
cant increase in length of the plant shoot (4 h exposure time). 
The shoot length increased by approximately 16.6% com-
pared to the control, and the root length increased by 7.89% 
(after 30 d) compared to the control. Figure  1(b) shows an 
increase in wet weight, and the dry weight was 66% less than 
the wet weight. As the result of measuring the spectroscopes 
changes of the pigments, table 1 lists the highest values of pig-
ment contents when the exposure time was 0 h or no laser. The 
values for chlorophyll a and carotenoids were 10.180 μg ml−1  
and 2.798 μg ml−1, whereas the value for chlorophyll b for 
2 h exposure was 0.888. The chlorophyll a values were less 
than the chlorophyll b values by 0.308, 0.456, and 0.003 for 
exposure periods of 1, 4, and 6 h, respectively. The carotenoid 
values for the same exposure periods were higher than the 
chlorophyll a values by 1.343, 1.451, and 1.285, respectively. 
The lowest value for carotenoids (0.827) was at an exposure 
time of 2 h. The ratio a/b reached a maximum value of 3.45 at 
an exposure period of 2 h. The ratio a  +  b/car reached a maxi-
mum value of 7.377 at an exposure period of 6 h; this value 
was 4.799 for the control.

3.2. Effect of argon laser power of 20 mW on wheat seeds

Figure 2(a) shows the observed spectral changes in growth 
transactions resulting from laser irradiation. The highest val-
ues were found for an exposure period of 0.5 h. The shoot 
length increased by 16.66% and 20.19% compared to the con-
trol 15 and 30 d after germination, respectively, as shown in 
figure 2(a). Similarly, there were increases in the root length, 
wet weight, and dry weight by 50%, 95.33%, and 214.94%, 
respectively, compared to the control. Figure 2(b) shows the 
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increase in the wet weight against dry weight for different 
exposure times. The spectral changes of plant pigments are 
listed in table 1. The highest values for chlorophyll a and chlo-
rophyll b are compared to the control when the exposure time 
was 0.5 h. It is worth mentioning that the chlorophyll a value 
measured after 0.5 h exposure was approximately 11.084 μg 
ml−1. The values measured after 4- and 6 h exposure were 7.24 
and 6.52 μg ml−1, respectively. The lowest value for chloro-
phyll a was 6.52 after 6 h exposure. Similarly, for chlorophyll 
b and carotenoids, the values were 1.77 and 1.988 μg ml−1, 
respectively, compared with the control when the exposure 
period was 6 h, as listed in table 1. The ratio a/b had a maxi-
mum value of 4.345 for an irradiation period of 2 h; the mini-
mum value was 0.95 compared to the control for an irradiation 
time of 0.5 h. The ratio a  +  b/car had a maximum value of 
23.94 at an exposure period of 0.5 h, as shown in figure 2(c).

3.3. Effect of argon laser power of 40 mW on wheat seeds

Figure 3(a) shows the increase in the length of the shoot after 
1 h exposure. The length increased by 8% and 7.75% com-
pared to the control 15 and 30 d after germination, respec-
tively. Similarly, the root length of the plant after 1 h exposure 
increased by 168.18% compared to the control 30 d after ger-
mination, as listed in table 1. Figure 3(b) shows that the wet 
weight and dry weight both decreased for all exposure times. 

The maximum lower value of dry weight (0.097 g/plant) was 
observed for 6 h exposure. As listed in table 1, the highest value 
of chlorophyll a content compared to the control was 10.54 μg 
ml−1 for 2 h exposure. The chlorophyll a values obtained at 
0.5 h and 4 h exposure were 9.629 μg ml−1 and 9.7 μg ml−1, 
respectively. The chlorophyll b values with respect to the con-
trol were high for all exposure periods, except for the period 
of 6 h. The lowest value for carotenoids (1.378 μg ml−1)  
compared to the control was for 6 h exposure, as listed in 
table 1. The highest value of the ratio a/b (3.685) compared to 
the control (2.628) occurred when the exposure time was 6 h. 
The ratio a  +  b/car reached its maximum value of 5.56 com-
pared to the control (3.11) when the exposure time was 4 h, as 
shown in figure 3(c).

3.4. Effect of argon laser power of 60 mW on wheat seeds

A significant increase in seed growth was observed after 0.5 h 
irradiation at a laser power of 60 mW. The maximum increase 
in plant height (shoot) was 12.06% and 9.12% at 15 and 30 d  
after germination, respectively, as shown in figure  4(a). 
Figure 4(b) shows that the highest increases in fresh and dry 
weight were 53.52% and 70.27% respectively. Regarding the 
spectral changes of plant pigments, the highest value for chlo-
rophyll a was 9.402 after 0.5 h exposure, as listed in table 1. 
The lowest value for chlorophyll a (5.34) occurred for 6 h 

Table 1. Lists the results of exposing wheat seeds to argon laser beams of different laser powers (10–60 mW) for different irradiation times 
(0–6 h).

Laser  
type

Laser 
power

Expo-sure 
time (h)

Shoot length 
(cm/plant)

Root 
length 
(g/plant)

Wet 
weight 
(g/plant)

Dry 
weight 
(g/plant)

Plant pigments content

15 d 30 d
Chl.a  
(μg ml−1)

Chl.b  
(μg ml−1)

Car  
(μg ml−1) a/b a + b/car

Ar 10 0 3 3.8 13.5 1.13 0.54 10.18 3.250 2.798 3.132 4.799
0.5 3.5 3.3 15.5 0.89 0.23 8.589 2.869 2.100 2.99 5.456
1 3.2 3.5 16.7 0.93 0.23 0.308 7.281 1.343 0.04 5.65
2 3.2 3.8 18 1.02 0.24 3.146 0.888 0.827 3.54 4.877
4 3.1 4.1 18.5 2.35 0.16 0.456 7.164 1.451 0.063 5.25
6 3.1 4 17 1.08 0.45 0.003 7.334 1.285 0.441 7.337

Ar 20 0 3 3.12 15 1.93 0.15 10.111 2.4 2.9 4.21 4.313
0.5 3.5 3.75 22.5 3.77 0.48 11.084 11.66 0.19 0.95 23.94
1 3.2 3.50 19 3.22 0.39 7.77 1.87 3.27 4.155 2.948
2 3.2 3.50 17 3.02 0.36 7.43 1.71 2.35 4.345 3.889
4 3.1 3.42 16 2.9 0.29 7.24 1.69 2.19 4.284 4.0776
6 3.1 3.25 16 2.74 0.25 6.52 1.77 1.988 3.683 4.17

Ar 40 0 3.45 3.57 11 1.03 0.33 3.917 1.49 1.735 2.628 3.11
0.5 3.70 3.72 14.5 0.30 0.16 9.629 2.9 2.54 3.23 4.93
1 3.75 3.87 18.5 0.30 0.17 9.136 3.07 2.45 2.975 4.98
2 3.45 3.50 18 0.32 0.19 10.54 3.21 2.81 3.28 4.9
4 3.20 3.27 15.5 0.50 0.13 9.7 2.8 2.21 3.464 5.56
6 3.12 3.22 12 0.33 0.097 5.16 1.41 1.378 3.685 4.75

Ar 60 0 2.9 3.07 18 0.71 0.37 7.37 2.11 1.923 3.4928 4.93
0.5 3.25 3.35 19 1.09 0.63 9.4 3.64 2.142 2.58 6.09
1 3.13 3.17 16.5 0.721 0.35 7.86 2.25 2.074 3.493 4.88
2 3.10 3.27 8 0.80 0.36 7.97 2.38 2.11 3.348 4.9
4 2.09 3.22 15.5 0.93 0.49 7.1 2.05 1.864 3.463 3.85
6 2.5 3.05 15 0.47 0.20 5.34 1.4 1.459 3.814 4.6
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exposure, while the values for other exposure periods such 
as 1, 2, and 4 h were close to those for the control. The high-
est value for chlorophyll b (3.64 μg ml−1) compared to the 
control occurred at an exposure time of 0.5 h. The maximum 
lowest value (1.4) was observed for 6 h exposure. The other 
values were fairly close to those of the control. The lowest 
value for carotenoids was 1.459 μg ml−1 after 6 h exposure. 
The ratio a/b was 3.814 compared to the control (3.4928) at 
an exposure time of 6 h. The value of ratio a/b was minimum 
(2.58) compared to the control (3.49) when the exposure time 
was 6 h. The ratio a  +  b/car reached its maximum value of 
6.09 compared to the control (4.93) at an exposure period of 
0.5 h, as shown in figure 4(c).

3.5. Effect of He–Ne laser power of 20 mW on wheat seeds

The spectral changes in growth transactions resulting from He–
Ne laser irradiation at 20 mW are listed in table 2. The highest 
value of root length occurred for an irradiation period of 4 h. 
The shoot length increased by 29.62% and 27.58% compared 

to the control 15 and 30 d after germination, respectively, as 
shown in figure 5(a). Similarly, the root length, wet weight, 
and dry weight increased by 57.18%, 53.52%, and 70.27%, 
respectively. Figure 5(b) shows the relationship between wet 
weight and dry weight and different exposure times of the 
He–Ne laser at a power of 20 mW. The maximum wet weight 
and dry weight observed were 10.90 and 0.63, respectively. 
The plant heights 15 d after germination for different expo-
sure periods such as 1, 2, and 6 h were comparable to those of 

Figure 1. The relationship between (a) shoot length and time of 
exposure (b) wet weight and dry weight and the exposure time at 
argon laser power of 10 mW.

Figure 2. The relationship between (a) shoot length and time of 
exposure (b) wet weight and dry weight and the exposure time (c) 
the ratio (a  +  b/car) with the exposure time at argon laser power of 
20 mW.

Laser Phys. 29 (2019) 015602
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Figure 3. The relationship between (a) shoot length and time of 
exposure (b) wet weight and dry weight and the exposure time (c) 
the ratio (a  +  b/car) with the exposure time at argon laser power of 
40 mW.

Figure 4. The relationship between (a) shoot length and time of 
exposure (b) wet weight and dry weight and the exposure time (c) 
the ratio (a  +  b/car) with the exposure time at argon laser power of 
60 mW.

Laser Phys. 29 (2019) 015602
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the control. Approximately similar results were found in plant 
height (after 30 d) compared to the control for 0.5 h exposure 
(table 2). The values of wet weight were close to each other 
for exposure times of 2 and 6 h (8.20 and 8.50 g/plant, respec-
tively). The lowest value for the dry weight compared to the 
control occurred at 0.5 h exposure. The highest value of chlo-
rophyll a (8.589 μg ml−1) was observed at 0.5 h exposure. The 
lowest value of chlorophyll a was 0.003 μg ml−1. The highest 
value of chlorophyll b (7.334 μg ml−1) was obtained for 6 h 
exposure. Carotenoid values were low for all exposure peri-
ods compared to the control, except for an exposure period 
of 0.5 h. The minimum value (2) of the ratio a/b compared to 
the control (2.16) was observed when the exposure time was 
4 h. The ratio a  +  b/car reached its maximum value of 20.67 
compared to the control (7.1) at an exposure period of 4 h, as 
shown in figure 5(c).

4. Discussion

Scientists have used modern techniques to achieve great pro-
ductivity of agricultural crops. Presently, one of the methods 
to achieve great productivity is to use different types of laser 
radiation. In the present study, seeds of wheat exposed to an 
argon laser (514 nm) enhanced the lengths of the shoot; the 
highest values observed for a laser power of 20 mW 15 and 
30 d after sowing were 3.5 and 3.75 cm/plant, respectively, 
as listed in table 1. Similarly, for a laser power of 40 mW, 
the highest value of length was observed 30 d after sowing 
(3.87 cm/plant). It is worth mentioning that the length of 
the shoot decreased when exposed for 0.5 and 1 h at 10 mW 
after 15 and 30 d. Excellent results were observed for the wet 
weight and dry weight for 6 h exposure at 60 mW. Similarly, 
greater exposure times (4 h and 6 h) yielded lower leg lengths, 
especially 15 d after germination. At 30 d after germination 
for exposure with 60 mW laser power, the capacity of the 
plant had increased and the length converged throughout 
the plant for the remaining period of exposure. This result is 
inconsistent with a previously reported study [25], because 
a different wavelength (660 nm) was used (GaAlAs semi-
conductor laser). The seeds exposed to a He–Ne laser at 
20 mW experienced an increase in stem length 15 and 30 
d after sowing with an exposure time up to 4 h; with further 
increase in exposure time, the stem length decreased. When 

the same experiment was repeated for the root of the plant, 
the observed wet weight and dry weight are consistent with 
an earlier study [21]. The He–Ne laser irradiation increases 
the effectiveness of photosynthesis and the concentration of 
plant pigments in the leaves. A few papers were published on 
laser irradiation on medicinal plants [2]. The previous studies 
showed that He–Ne lasers and CO2 lasers (continuous wave) 
accelerated plant growth and metabolism [5, 6, 20, 21] and 
suitable applications of laser irradiation improved the germi-
nation capacity of plant seeds [22]. Generally, in these types 
of applications, researchers used He–Ne lasers or laser diodes 
with wavelengths between 600 and 700 nm [3, 20, 21]. One 
study used He–Ne lasers that emit a fraction of milliwatts 
to tens of milliwatts of red light at 632.8 nm [2]. Dry or wet 
seeds were irradiated for a specified time before implant-
ation. Increases in the number of branches/plant in both dry 
and wet cases of exposure were observed, in addition to an 
increase in the number of umbels/plant in both cases [2]. This 
is in good agreement with previously reported studies [20, 
21, 24], if we compare the results of plant pigments (chloro-
phyll a, chlorophyll b, and carotenoids) after exposing plant 
seeds using different lasers and exposure times. For exposure 
with the argon laser beam, the highest value for chlorophyll 
a was observed with a laser power 40 mW for most periods 
of exposure. In the case of a laser power of 20 mW, the result 
is consistent with the increase in dry weight when exposed 
and the convergent values of carotenoids, while the highest 
value of chlorophyll a was observed with a laser power of 
10 mW (table 1) [19–22]. The comparison of exposed seeds 
irradiated by sunlight and He–Ne laser shows that chloro-
phyll a and chlorophyll b had the highest values, whereas 
the carotenoid value decreased; this result was reflected in 
the wet weight of the plant and the plant height [14]. The 
value of ratio a  +  b/car with argon laser (20 mW) irradia-
tion was 23.94, which was the highest compared to the con-
trol (4.313) at an exposure period of 0.5 h. This result is in 
agreement with the increase in dry and wet weight. Similarly, 
the ratio a  +  b/car with argon laser (60 mW) irradiation was 
6.09, which was the highest compared to the control (4.93) at 
an exposure period of 0.5 h. The ratio a  +  b/car with He–Ne 
laser (20 mW) irradiation was 20.67 at an exposure period 
of 6 h compared to the control (7.1); at an exposure time of 
4 h, an increase in dry and wet weight was observed. It is, 

Table 2. The spectral changes in growth transactions resulting from He–Ne laser irradiation at 20 mW are listed in table 2.

Laser  
type

Laser 
power

Expo-sure 
time (h)

Shoot 
length (cm/

plant)

Root 
length 
(g/plant)

Wet 
weight 
(g/plant)

Dry 
weight 
(g/plant)

Plant pigments content

15 d 30 d

Chl.a 
(μg 
ml−1)

Chl.b 
(μg 
ml−1)

Car 
(μg 
ml−1) a/b

a + b/
car

He–Ne 20 mW 0 h 2.7 2.9 16 7.10 0.37 10.180 3.250 2.798 2.16 7.1
0.5 2.5 2.7 15 6.50 0.35 8.589 2.869 2.100 2.15 10.17
1 2.8 3.0 17.5 9.39 0.55 0.308 7.281 1.343 2.09 10.789
2 3.0 3.2 18 8.20 0.48 3.146 0.888 0.827 1.2268 47.3
4 3.5 3.7 19 10.90 0.63 0.456 7.164 1.451 2 20.67
6 3.2 3.4 18.7 8.50 0.50 0.003 7.334 1.285 2.1197 9.81
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therefore, concluded that laser irradiation can induce changes 
in the physiological and biochemical responses of the plants 
during seed germination, leading to the enhanced growth and 
expansion of wheat seeds (Triticumaestivum L.).

Laser exposure for Triticumaestivum L. resulted in 
enhanced seed germination and enriched seedling emergence 
and development, leading to increased enzymatic activities 
and greater protein content with acceleration in crop yield and 
metabolism. Another possible reason for the improved growth 
characteristics is that laser treatment causes temperature vari-
ation in the seeds, which could lead to the enhanced entropy 
and internal energy of the seeds. Furthermore, the phy-
tochrome absorbs red light from the He–Ne laser at 632.8 nm 
and transforms into its active Pfr form.

It is anticipated that the results of the present study could 
be useful for the farmers in the Kingdom of Saudi Arabia for 
enhanced early seedling emergence as well as better growth 
and development in crop yield.

5. Conclusion

The results of this study clarify the physiological and bio-
chemical responses at the time of seed germination and its 
subsequent role in the enhancement of growth and enlarge-
ment of wheat seeds. In conclusion, the experimental results 
of this study in the field condition clearly indicate the influence 
of He–Ne laser and argon laser on the seed germination and 
crop yield characteristics in Triticumaestivum L. The reported 
data are in excellent agreement with the previously reported 
studies, keeping in view the role of the He–Ne laser and argon 
laser as biostimulators for different crop plants. Many invest-
igations were previously conducted in greenhouse conditions 
or in the laboratory, but the present study was conducted in 
field conditions, clearly revealing the influence of the lasers 
on the growth and yield characteristics of Triticumaestivum L.
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