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Abstract

The effects of methyl 1-(3, 3-dimenthyl-2-oxobutyl)-1H-1, 2, 4-triazole-3-carboxylate (CGR3) and 1-(3,3-dimethyl-2-
oxobutyl)-1H-1, 2, 4-triazole-3-carboxylic acid (CGRj3,), as two new plant growth regulators, on photosynthetic
characteristics and mung bean yield were investigated in this study. Both regulators improved the net photosynthetic rate
(Pn), stomatal conductance (gs), intercellular CO, concentration (Ci) and transpiration rate (E); CGR3.; had a larger impact
than CGR;. In terms of photosynthetic efficiency, CGR3; showed higher effectiveness. Considering photosynthetic
pigments, the two regulators enhanced the contents of chlorophyll a, chlorophyll b, chlorophyll (a+b) and carotenoid. The
application of CGR3; (CGR3) significantly increased (decreased) the contents of soluble sugar and starch. The results
indicated that CGR3_; was more effective in improving the photosynthetic characteristics and yield of mung bean and can be

a widely adopted strategy for producers.
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Introduction

Mung bean (Phaseolus radiate L.) is an important
grain legume for its high nutritive value. It can be boiled,
cooked with vegetables or meat, or eaten as a dessert
(Anwar et al., 2007). However, as a minor coarse crop,
little attention has been paid to mung bean crop
improvement compared to cereals and major pulses.

Photosynthesis is related to plant growth due to its
direct association with net productivity (Zhu et al., 2010;
Evans, 2013). A range of ways can be adopted to improve
crop photosynthesis; for example, by means of selecting
high light efficiency varieties (Hao et al., 2002) and
applying plant growth-promoting rhizobacteria (Zhu et
al., 2014; Garciaseco et al., 2015) or fertilizer (Zhang et
al., 2013). In addition, the application of plant growth
regulator is also a good choice (Wang et al., 2016; Ma et
al., 2017). Plant growth regulators have different roles in
agriculture. Some can delay or accelerate the growth of
plants, stimulate flowering, suppress weed growth,
control the height, etc. (Bonnet-Masimbert & Zaerr, 1987;
MaciAs et al., 2000; Yan et al., 2010). Furthermore, plant
growth regulators has been reported to improve the mung
bean growth (Mubeen et al., 2015), even under adverse
environmental ~ conditions  (Muthukumarasamy &
Panneerselvam, 1997; Ghassemi-Golezani et al., 2015).

Triazoles have been classified as plant growth
regulators. Our lab has developed methyl 1-(3, 3-
dimenthyl-2-oxobutyl)-1H-1, 2, 4-triazole-3-carboxylate
(CGR;) and1-(3, 3-dimethyl-2-oxobutyl)-1H-1, 2, 4-
triazole-3-carboxylic acid (CGRj.;) recently.

CGR;; is the hydrolyzed material of CGRj. In
previous experiment (unpublished), we found CGR;.; can
increase the photosynthesis characteristics and yield of
soybean, but the effect on mung bean has not been
conducted, especially on the study of carbohydrate
metabolism. Therefore, the objectives of this study were
to 1) understand whether CGRzand CGR;.; were effective

in improving the photosynthetic characteristics and the
yield of mung bean and 2) compare their effectiveness by
measuring the gas exchange parameters, photosynthetic
pigment contents, chlorophyll fluorescence, soluble sugar,
starch and yield.

Materials and Methods

Plant material and experimental treatments: Healthy
seeds of the ‘lvfeng-5" mung bean cultivar (Vigna radiata
(L.) Wilczek) were obtained from the Heilongjiang Bayi
Agricultural  University (China). 2% (v/v) sodium
hypochlorite solution was used to surface sterilization for
10 min and then thoroughly washed with distilled water
(Scala et al., 2004). Then the seeds were sown in plastic
pots (upper diameter of 30 cm, bottom diameter of 20 cm,
and height of 25 cm). Each pot was filled with nutrient
soil (pH =5.0-6.0, total N = 1%-2.5%, total P,0Os = 0.3%,
total K,O = 0.21%, organic matter = 70% % 5). The mung
bean plants were thinned to five per pot. CGR; and CGR3.
1 were foliar applied to the mung bean seedlings at a rate
of 250mg/L. Three treatments were established in the
experiment: (1) Control: The water was applied to the
plants when the third trifoliolate leaf fully expanded; (2)
and (3): CGR; treatment and CGR3; treatment: CGR;and
CGR3 1 were sprayed to the mung bean plants at the same
time, respectively. The solution was applied to the mung
bean plants using a hand-held aerosol sprayer. For each
pot, the plants received 10 ml solutions of water or the
plant growth regulator only. Completely randomized
design was used in the experiment and each treatment had
five pots. Fresh leaf samples were collected for immediate
determination or frozen in liquid nitrogen and transferred
to the -80°C refrigerator to analyze physiological indexes.

Measurements of photosynthetic gas exchange
parameters: Photosynthetic gas exchange parameters were
determined on the newly fully-expanded leaf by using a Cl-
340 Handheld Photosynthesis System (CID Bio-Science,
USA). The leaf net photosynthetic rate (P ), stomatal
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conductance (gs), intercellular CO, concentration (Ci) and
transpiration rate (E) were read from the instrument. The
measurements were made on three randomly selected plants
for each treatment. The Ci /Ca ratio was calculated as the
internal CO, concentration (Ci) divided by the ambient CO,
concentration (Ca) (Singh & Reddy, 2011). Water use
efficiency (WUE) was calculated as the ratio of the net
photosynthetic rate to transpiration (Brilli et al., 2011).
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Measurements of photosynthetic pigment contents:
Leaf discs (0.1g) were extracted in 95% ethanol in the
dark for 24 h (Zaman & Asaeda, 2014). The
concentrations of Chl a, Chl b and carotenoid were
determined using a spectrophotometer (U-2500,
Hitachi). The contents of Chl a, Chl b and carotenoid
were calculated using the following equations (Tapia et
al., 2010):

Chlorophyll-a (mg-L™) = 13.95 Aggs — 6.88Asu0; 1)
Chlorophyll-b (mg-L™) =24.96 Agse— 7.32As, (2)
Carotenoid (mg-L™) = (1000A47 — 2.05 Chla -114.8 Chlb) / 245; 3)
Chlorophyll (a+b) (mg-L™) =18.08Agss + 6.63A¢gs, (4)

Measurements of chlorophyll fluorescence: The
chlorophyll fluorescence parameters Fv/Fm and Fv/Fo
were measured on four randomly selected plants for each
treatment. Chlorophyll fluorescence was measured by the
0OS-5P+ chlorophyll fluorescence system (Opti-Sciences,
USA). Measurements were made on the newly fully-
expanded leaf after a 30 min dark adaptation period to
obtain steady values of Fv/Fm and Fv/Fo (Jerzykiewicz &
Grazyna, 2007).

Determination of soluble sugar and starch: Total
soluble sugars were determined using anthrone reagent
(Mandal et al., 2008) with some modification. Samples
leaves (0.1g) were extracted with 4 mL of 80 % ethyl
alcohol and kept at 80°C for 20min. After that, extracted
solution was centrifuged at 2000rpm for 5 min. and the
supernatants of three successive centrifugations were used
for sugar analysis. The residue from the homogenate was
used to determine the content of starch, following the
procedures of Sakai (1962).

Determination of crop yield: At maturity, 5 plants per
treatment were harvested to determine the grain yield.
The number of pods, seeds, grain, weight per plant and
hundred-grain weight were measured.

Statistical analysis

All experimental data were analyzed with variance at
the 0.05 and 0.01 probability level. SPSS23 software
(Chicago, USA) was used for analysis and Origin 9.1
(Microcal, Northhampton, MA) was used to graph. Data
presented in table and figures showed mean values with
standard error (£ SE).

Results

Effect on photosynthetic gas exchange parameters:
The photosynthesis of mung bean plants was significantly
affected by plant growth regulators. Both of CGR; and
CGR;; had favorable effects on photosynthetic gas
exchange parameters (Fig. 1A-E). Plants sprayed with
CGR;.; displayed the highest photosynthesis activity; net
photosynthetic rate (Py), intercellular CO, concentration
(Ci), stomatal conductance (gs), transpiration rate (E) and
ci/ca ratio were 1.5, 1.2, 1.9, 2.0 and 1.2 times higher than

that in the control and 1.4, 1.1, 1.6, 1.7 and 1.1 times
higher than the control group in the CGR; treatment.
However, the water use efficiency declined after the
application of two regulators (Fig. 1F). The maximum
value of water use efficiency occurred in the control
group. The CGRs; treatment showed lowest value of
water use efficiency because of a higher transpiration rate.

Effect on photosynthetic efficiency: Data related to
chlorophyll fluorescence efficiency, Fv/Fm and Fv/Fo are
shown in Fig. 2. As compared to the control, the
application of CGR3; and CGR;; had no significant
difference in Fv/Fm and Fv/Fo. CGR; treatment resulted
ina 2.1 and 6.8% reduction and CGR3_; treatment caused
a 0.6 and 4.2% increase in Fv/Fm and Fv/Fo, respectively.

Effect on photosynthetic pigments: Data involving the
light harvesting pigments, i.e. chl a, chl b and carotenoid
are presented in Table 1. CGR3 and CGR3_; improved the
contents of photosynthetic pigments and reduced the ratio
of chl a/chl b. The contents of chl a, chl b, chl (a+b) and
carotenoid were increased by 16.7 (6.1), 28.0 (12.0), 19.7
(7.9) and 12.2 (7.3) %, respectively, in CGR3 (CGR3)
treatment as compared to the control. The chl a/chl b was
declined by 10.3 and 6.9 % in CGR; and CGRs;
treatments compared to the control group, respectively.

Effect on soluble sugar and starch: As shown in Fig. 3,
there are pronounced differences (p<0.01) among the
three treatments. CGRj; significantly improved the
contents of soluble sugar and starch which were increased
by 10.8% and 105.9% as compared to the control,
respectively. However, the application of CGR; decreased
the contents of soluble sugar and starch by 20.9% and
11.4%, respectively.

Effect on crop yield: Data in Table 2 shows an increase
in pods, seeds number and grain weight per plant as the
application of CGR; and CGR3;. Between the two
options, CGRjz; would be the most -effective
management strategy to increase actual yield. Compared
to control, the CGR; treatment increased 1.9, 8.6 and
6.3% in pods, seeds and grain weight per plant
respectively while the CGR3_; increased 25.0, 31.9 and
42.4%, respectively. The hundred-grain weight had no
difference among the three treatments.
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Fig. 1. Effect of CGRsand CGR3.,0n net photosynthetic rate (A), the intercellular CO, concentration (B) ,stomatal conductance (C)
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Fig. 2. Effect of CGR3 and CGR;.; on Fv/Fm and Fv/Fo.
Discussion

Ensuring leaf photosynthetic capacity is very
important to obtain higher grain yield (Huang et al., 2016;
Yamori et al., 2016). In this study, both regulators
improved the gas exchange parameters andCGRj4
increased more than that in CGR; treatment which
indicated CGR;,; was more effective in improving
photosynthetic characteristics. Moreover, the variation

GUANGRONG CAI ET AL.,

trend of stomatal conductance was similar with net
photosynthetic rate. That also confirmed the viewpoint of
Athar et al., (2015) who thought the enhancement in net
photosynthetic rate was correlated with stomatal
conductance.

Photosynthetic capacity is related to photosynthetic
pigments and the efficiency of light captured to drive
photosynthesis (Sikuku & Onyango, 2012). Furthermore,
Huang et al, (2016) attributed the enhanced leaf
photosynthetic parameters to the improvement in light
harvesting, photosystem Il photochemistry and CO,
assimilation capacity. These factors exhibited in CGR3.;
treatment with higher values of chlorophyll contents and
fluorescence parameters. Yobo et al., (2009) reported the
optimum value of Fv/Fm was about 0.8. CGR3_; treatment
had the maximum value of Fv/Fm (0.72) in this study.
Light harvesting pigments play an important role in the
absorption and transmission of light energy. Hamid et al.,
(2009) indicated a super-elevated CO, concentration
would resulted in a 64% increase in orchid in chlorophyll
concentration, which can permit greater light harvesting
for photosynthesis. As is shown in Table 1 that CGR3
and CGR; improved the contents of chl a, chl b and
carotenoid in mung bean which can be regarded as the
result of increased chlorophyll volume or increased
synthesis rate (Qi et al., 2013; Wang et al., 2016).

The majority of photoassimilates in mung beans are
stored in the leaves as the form of starch during the
daytime. Starch can degrade and convert to sugar at night
(Stitt & Zeeman, 2012). Luo & Huang (2011) also
reported that soluble sugar is the substrate for starch
synthesis. In this study, CGR; decreased the contents of
soluble sugar and starch whereas they were increased
substantially by CGRs;. In view of the performance in
gas exchange parameters, soluble sugar and starch, the
data overall suggested that CGRs.; could improve the
photosynthesis to produce more photosynthate.

Tablel. Effect of CGR3 and CGR3-1 on contents of chla, chlb, chl (a+b), carotenoid and a/b ratio.

Chla [mg g™'] Chlb[mgg™] Chl(a+b)[mgg™] Carotenoid [mgg™] a/b ratio
CK 1.80 + 0.024Ab 0.50 £ 0.017Bc 2.29 + 0.040Bb 0.41 £ 0.0092Aa 0.29 = 0.0058Aa
CGR;3 2.10 £ 0.094Aa 0.64 = 0.019Aa 2.74£0.11Aa 0.46 £ 0.021Aa 0.26 + 0.0043Bb
CGR;; 191+0.019Aab  0.56 + 0.013ABb 2.47 + 0.032ABb 0.44 £ 0.013Aa 0.27 + 0.0036ABab
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Fig. 3. Effect of CGR; and CGR3_; on soluble sugar and starch.
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Table 2. Effect of CGR3 and CGR3.; on pods per plant, seeds number per plant,
grain weight per plant grain weight per plant.

Pods per plant

Seeds number per plant

Hundred-grain weight ~ Grain weight per plant

CK 10.4 £ 0.4Aa 99.8 + 6.45Aa
CGR; 10.6 + 0.98Aa 108.4 + 9.25Aa
CGR3, 13.0 + 2.00Aa 131.6 + 16.38Aa

3.77 +£0.095 Aa 3.68 + 0.25Aa
3.86 £ 0.083 Aa 3.91+0.32Aab
3.78 £ 0.068 Aa 5.24 + 0.70Ab

Conclusion and Recommendation

The present study determined the effectiveness of
CGR; and CGR3; in improving the photosynthetic
characteristics and yield of mung bean. The results
revealed that CGRs; could improve photosynthesis,
increase the contents of photosynthetic pigments, promote
the accumulation of photosynthate and, as a result
increase the mung bean yield. CGRs; could be
popularized as a new and effective plant growth regulator
as compared to the CGRj. Further, comprehensive
research is needed to conduct to explore the effects of
CGRs_; on the activities of related enzymes, such as RuBP
carboxylase activity and dynamic changes of gas
exchange parameters to gain a better understanding of the
mechanisms.
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