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Abstract
An experiment was conducted to elucidate the negative impacts of drought on growth and hormones of
Leymus chinensis. Results showed that plant height, dry weight and zeatin riboside contents declined under
drought condition over the control. Whereas indole acetic acid, gibberellic acid and abscisic acid contents
were augmented under stress environment over the normal conditions. Exogenous application of NPK and/or
5-aminolevulinic acid (ALA) depicted more pronouncing response to alleviate adversities of drought.
Conclusively, foliar application of 'Urea (1%) + KH2PO4 (1%) + ALA (50 mg/l)' produced better results
under drought stress on the evaluated parameters.

Introduction
Natural grassland ecosystem is vital regarding the sustainability of land, air and water
(Xiliang et al. 2016). Water shortage often encumbers dry matter accumulation of Leymus
chinensis and thus declines grassland productivity (Liu et al. 2016). Adverse implications of
drought cause interference in physiological functions, growth and yield attributes of rice (Gao
et al. 2017). However, the defense mechanisms are regulated by the production of endogenous
growth regulators in plant (Hong et al. 2015). Various strategies are being explored to alleviate
adversities of drought. Experimental findings suggested that foliar application of nutrients and
plant growth regulators such as 5-aminolevulinic acid (ALA) proved helpful to alleviate
adversities of stresses (Song et al. 2017, Li et al. 2019).
Foliar application of NPK and ALA might resolve adversities of drought. Hence the present
study was conducted to evaluate the role of foliar application of NPK and ALA as potential
regulators of hormones of L. chinensis and to alleviate adversities of drought and device suitable
management strategies for drought affected L. chinensis.
Materials and Methods
Seed material of Leymus chinensis was procured from Ecosystem Positioning Station,
Chinese Academy of Sciences from the inner Magnolia in 2015. The experiment was conducted in
2016 at Southwest University. Sowing was done in mid-April and seedlings were transplanted into
pots; water losses were measured on daily basis and the lost water was replenished accordingly.
Moisture content was maintained at 80 and 50% of relative soil water contents in control (normal)
and drought treatments, respectively. Foliar application of water solution of ALA and nutrients
was done at 18-20 cm plant height. The solutions were applied on plants three times following 3
days interval. Experiment was conducted in CRD with factorial treatment structure. Treatments
were replicated three times.
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Treatments were comprised of T1 = 80% of relative soil water contents + water; T2 = 80% of
relative soil water contents + urea (1%) + potassium dihydrogen phosphate (1%); T3 = 80% of
relative soil water contents + ALA (50m g/l); T4 = 80% of relative soil water contents + urea (1%)
+ potassium dihydrogen phosphate (1%) + ALA (50 mg/l); T5 = 50% of relative soil water
contents + water; T6 = 50% of relative soil water contents + urea (1%) + potassium dihydrogen
phosphate (1%); T7 = 50% of relative soil water contents + ALA (50 mg/l) and T8 = 50% of
relative soil water contents + urea (1%) + potassium dihydrogen phosphate (1%) + ALA (50
mg/l).
Plant height was measured from collar to leaf tip and plant was put into an oven at 105°C for
15 min and then 65°C constant temperature till constant weight referred to as dry weight. The
plant height and dry weight were assessed at 20 days after treatments (DAT). The endogenous
hormones changes were assessed at 10, 15 and 20 days after treatments. The seedlings were first
rinsed with tap water and then finally with distilled water for 2 - 3 times. Filter paper was used to
absorb the adhered water to plants and then to determine abscisic acid (ABA), indole acetic acid
(IAA), gibberellic acid (GA3), zeatin riboside (ZR) using enzyme-linked immunosorbent assay
(ELISA) (Teng et al. 2010). Data were analyzed using ANOVA with SPSS 19.0 statistical
software and treatment’s means were compared using LSD test (p  0.05).
Results and Discussion
Inclusively drought imposition depicted negative impacts on endogenous hormones and
growth attributes. However, specific response of treatments was distinct for evaluated parameters.
Foliar applied NPK and/or ALA depicted statistically alike and significantly different plant height
under normal conditions. Under drought, significantly better plant height was observed in 50% of
relative soil water contents with 1% urea, potassium dihydrogen phosphate and 50 mg/l ALA
solution. Similarly, NPK and/or ALA treatments produced more dry weight (Fig. 1). The similar
results had been reported by Li et al. (2019).

Fig. 1. Effects of NPK and ALA application on the plant height (A) and dry weight (B) of L. chinensis.

ABA contents were amplified under drought stress over the control for all treatments. Under
drought, boost in ABA was observed till 15 DAT with urea + KH2PO4 + ALA which diminished
at 20 DAT. Contrarily, ALA exhibited decline in ABA up to 15 DAT and augmented at 20 DAT
under drought. Nevertheless, highest ABA was observed with water and lowest with urea +
KH2PO4 + ALA throughout under stressed environment (Table 1). Comparatively, more IAA
contents were recorded with urea + KH2PO4 + ALA than other treatments under control and
drought. Whereas, water depicted less IAA than other treatments under stress and non-stress
conditions. Likewise, constant increment in IAA was recorded till 15 DAT for all treatments under
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drought. However, IAA contents were lesser at 20 DAT than 15 DAT under drought (Table 1).
Foliar application of NPK and ALA was found to ameliorate growth and development under
drought stress in L. chinensis (Song et al. 2017), however, little information is available about
endogenous hormones changes. Endogenous hormones regulate the plant growth and physiological functions (Mohammadi et al. 2017). The defense mechanism is regulated by the production
of endogenous plant growth hormones such as auxins, abscisic acid, jasmonic acid,
brassinosteroids and indole etc. (Hong et al. 2015, Radhakrishnan et al. 2016).
Table 1. Effects of NPK and ALA application on endogenous hormones of L. chinensis. (ng/g).
Treatments

ABA

IAA

DAT 10 d

DAT 15 d

DAT 20 d

DAT 10 d

DAT 15 d

DAT 20 d

T1

129.08±2.76c

87.80±0.61d

73.43±4.84f

68.11±1.07e

63.95±2.85h

135.28±4.63d

T2

99.78±4.04f

68.56±3.43e

97.16±2.31e

85.77±1.09d

103.57±2.62g

173.47±5.84c

T3

115.84±0.89d

111.70±0.41c

92.09±3.69e

121.99±1.11c

167.76±2.05f

113.69±4.95d

T4

99.82±1.36ef

93.78±1.34cd

78.16±4.38f

186.17±6.44a

190.45±1.50e

208.04±4.38b

T5

213.84±5.29a

258.76±3.97a

272.90±9.44a

87.93±0.94d

204.00±0.81d

225.35±12.13b

T6

123.74±2.39c

155.45±1.96b

173.07±3.82b

67.35±3.44e

244.44±0.05b

209.72±7.81b

T7

157.50±.20b

143.19±2.08b

152.90±0.38c

176.09±8.07b

234.34±1.32c

153.82±3.33c

T8

110.28±5.74de

141.08±4.43b

135.47±0.32d

125.97±4.46c

307.41±5.12a

290.86±4.89a

GA

ZR

T1

5.28±0.19c

2.22±0.04de

2.86±0.56d

43.73±0.32a

38.11±0.28c

46.51±1.75c

T2

11.79±0.96a

1.81±0.40e

3.63±0.13d

43.76±1.59a

46.39±1.51b

52.32±2.97b

T3

9.05±0.29ab

2.10±0.13de

3.26±0.06d

44.90±0.84a

50.90±1.35a

53.85±0.08b

T4

11.11±1.03a

4.25±0.38bc

1.98±0.15e

41.97±0.79a

55.39±0.02a

58.47±0.94a

T5

11.37±0.57a

3.45±0.17cd

5.54±0.18c

33.60±0.86b

20.73±0.48f

24.64±0.73e

T6

6.50±0.84bc

4.90±0.04ab

6.75±0.09b

34.81±1.09b

29.93±1.42e

25.07±0.29e

T7

8.62±0.37ab

5.56±0.38ab

4.78±2.34c

35.26±1.23b

35.79±1.04c

30.96±0.31de

T8

11.51±1.07a

5.80±0.17a

8.61±0.07a

42.58±1.33a

33.96±0.16d

31.20±1.35d

Table 2. Effects of NPK and ALA on hormones proportion of L. chinensis.
Hormones

T1

T2

T3

T4

T5

T7

T8

IAA/ABA

1.84

1.79

1.23

2.66

0.83

1.01

0.13

ZR/ABA

0.63

0.54

0.58

0.75

0.09

0.20

0.23

GA/ABA

0.04

0.04

0.04

0.03

0.02

0.03

0.06

GA3 contents were more than other treatments due to application of urea + KH2PO4 at 10 and
20 DAT under control. Whereas, urea + KH2PO4 + ALA depicted higher GA than other treatments
at 15 DAT. Likewise, incessant decline in GA was recorded for ALA under drought. Whereas, all
other treatments depicted decline in GA up to 15 DAT and enhanced slightly at 20 DAT under
control and drought (Table 1). Urea + KH2PO4 + ALA manifested higher ZR than other treatments
under drought and control. Whereas less ZR contents were observed under both water treatment
conditions. Enhancement in ZR was obvious with the time span for all treatments except water
under control (Table 1). Auxin and GA contents were augmented under stress as upregulation of
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antioxidants enhanced detoxification of ROS (Ostrowski et al. 2016). Therefore, higher
assimilates might have increased hormonal regulation under stress (Leitao and Enguita 2016).
Escalated ABA under stress over control might have declined ZR activity. Ultimately, ZR
mediated cell division might have impaired and hence dry weight and plant height was declined
under drought (Rubio-Wilhelmi et al. 2011). Nonetheless, NPK and ALA sustained ZR contents
to some extents and thus dry weight and plant height was enhanced with Urea + KH2PO4 + ALA
over water (Gupta and Rashotte 2014).
Ratio of IAA/ABA, ZR/ABA and GA/ABA declined under drought over control (Table 2).
Water and urea + KH2PO4 depicted more IAA/ABA than other treatments under control and
drought conditions, respectively. Minimum IAA/ABA was observed for ALA and urea + KH2PO4
+ ALA under normal and drought conditions, respectively. Ratios of ZR/ABA and GA/ABA were
higher with urea + KH2PO4 + ALA than other treatments (Table 2). Yang et al. (2011) pointed out
that for regulation of plant growth, the ratio of endogenous hormones was more important to their
concentrations in some way.
The results of present study revealed that drought negatively impacted growth and
endogenous hormones. Dry weight, plant height and ZR declined under drought over control (Fig.
1). Whereas, IAA, GA and ABA contents were augmented under stressed environment over
normal conditions. Foliar applied nutrients and ALA significantly changed endogenous hormones
and their ratio. Urea (1%) + KH2PO4 (1%) + ALA (50 mg/l) depicted more promising results than
other treatments.
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