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ABSTRACT: Nutrient uptake of chard under well-watered and drought conditions with different NO applications were
investigated in this research. NO solutions were prepared with four doses (0, 50, 100, 150 and 200 uM) of sodium nitroprusside as
a nitric oxide source and exogenously applied on only seeds (s) or together with seed and foliar (sf) of chard under different levels
of drought according to 100% (control), 67% and 33% of the water required to reach field capacity. Nutrient uptake drastically
decreased under drought stress. However, progressive effects of NO applications on nutrient uptake have been observed under
both well-watered conditions and under drought. The increase in N and P uptake of plant were significant especially for doses of
100 and 150 uM for both s and sf applications. The highest Fe, Cu and Zn content were obtained from 150 uM sf NO application,
while the highest Mn and B were obtained from 150 uM s and 200 pM sf NO application in 67% level. However, in 33% level
the highest Cu and B content were obtained from 150 pM sf NO application, while the highest Mn and Zn obtained from 100 uM
sf and the highest Fe obtained from the 200 uM s NO application.
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Kuraklik Stresi Altinda Disaridan Nitrik Oksit Uygulanan Pazida (Beta vulgaris var. cicla L.)
Besin Ahminin izlenmesi

0Z: Bu arastirmada farkli NO uygulamalar altinda tam sulanmis ve kurak kosullarda yetistirilmis paz1 bitkisinin besin maddesi
alimi incelenmistir. Uygulamalar, bitki kok bolgesinde tarla kapasitesine ulagmak igin gerekli suyun %100 (kontrol), %67 ve
%33'tiniin saglandig1 kuraklik seviyelerinde, nitrik oksit dondrii olarak dort doz (0, 50, 100, 150 ve 200 pM) sodyum nitroprussid
ile NO ¢ozeltilerinin kullanildigi ¢ozeltilerle sadece tohum (s) veya tohum ve yapraklara (sf) olmak iizere disaridan uygulanmistir.
Kuraklik stresi altinda besin alimi 6nemli 6lgiide azalmistir. Bununla birlikte, NO uygulamalarmin besin alimi iizerindeki
gelistirici etkileri hem tam sulanan kosullar hem de kurak kosullar altinda gézlemlenmistir. Bitkinin N ve P alimindaki artis,
ozellikle hem s hem de sf uygulamalari igin 100 ve 150 pM'lik dozlarda 6nemli olmustur. % 67 sulama seviyesinde en yiiksek Fe,
Cu ve Zn igerigi 150 uM sf NO uygulamasinda olurken, en yiiksek Mn ve B ise 150 pM s ve 200 uM sf NO uygulamasindan elde
edilmistir. Ancak %33 seviyesinde en yiiksek Cu ve B icerigi 150 uM sf NO uygulamasindan elde edilirken, en yiiksek Mn ve Zn
100 uM sf'den, en yiiksek Fe ise 200 uM s NO uygulamasindan elde edilmistir.

Anahtar Kelimeler: Su kisiti, Bitki besinleri, Nitrik oksit
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INTRODUCTION

Abiotic stresses, such as high salinity, low or
high temperature, deficient or excessive water, and
heavy metals reduce the average yield for most of the
plants by more than 50% (Bray et al., 2000). These
stress factors are posing a severe hazard to the
ecosystem and agriculture, accounting for great
economic loss (Wania et al., 2016). Among the
various abiatic stress conditions, drought stress is the
most devastating factor. Plants respond to drought
stress at multiple levels such as metabolic processes
of the plant (Liu et al., 2016), plant growth
(McWilliams, 2003; Ekinci et al., 2015; Sahin et al.,
2015), photosynthetic characteristics (Yang et al.,
2000; Farooq et al., 2009; Wu et al., 2014) and WUE
(Xue at al., 2006; Qiu et al., 2008; Liu et al., 2016).
Plant nutrient uptake and their transport gradually
decrease under drought conditions (Heidari and
Karami, 2014). Studies have shown that drought can
decrease nutrient uptake from soil, the decrease in
concentration of nitrogen (N) and phosphorus (P) in
plant tissue under drought stress were stated earlier
(Waraich et al., 2011; He and Dijkstra, 2014).
Understanding the physiology of stress responses and
then transfer this to develop a molecular
understanding on mechanisms of drought tolerance in
plants is crucial. Using different solutions to examine
the mechanism of foliar spraying is not a new
technique. Recently exogenous application of nitric
oxide (NO) used to improve stress tolerance in plants
thanks to its critical role in plant starting from
germination to, ripening of fruit and senescence of
organs at all the stages through growth and
development  (Arasimowicz  and  Floryszak-
Wieczorek, 2007; Siddiqui et al., 2011).

Responses of different plants such as cowpea
(Anyia and Herzog, 2004), maize (Aslam et al.,
2013), cucumber (Abd EI-Mageed and Semida,
2015), squash (Ors et al., 2016), and tomato
(Pazzagli et al., 2016) to drought stress have been
studied earlier. Chard's response to drought stress
found significant regarding to plant physiological
parameters. Severe drought conditions are not
sustained by plants, though mild stress slightly
decreased plant fresh weight (Ekinci et al. 2020). Our
objective in this study was to investigate the
ameliorative effect of exogenous application of NO
on the drought tolerance of the chard plant, regarding
to nutrient uptake. To expand our understanding of
chard responses to drought, we examined the effects
of drought on the nutrient-uptake specifically
focusing on N and P.

MATERIAL AND METHOD

We conducted a pot experiment in the
greenhouse conditions with chard (Beta vulgaris var.
cicla L.). The controlled greenhouse had an average
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temperature of 20 (£2) °C and humidity were around
35 (£5) %. Substrate (2:1:1 v/v, soil: cattle manure
fertilizer: sand) were placed in 2 L plastic pots and
then the seeds were sown in.

NO solutions were prepared with four different
doses (0, 50, 100, 150 and 200 uM of sodium
nitroprusside as a nitric oxide donor) and
exogenously applied on only seeds (s) or together
with seed and foliar (sf) of chard. Seed disinfection,
foliar application of the seed and plant were applied
as in Ekinci et al. (2020).

Drought treatments applied as according to
100% (control, DO), 67% (D1) and 33% (D2) of
water to reach the field capacity at each irrigation
event. Water retained at field capacity was
determined as in Ekinci et al. (2020).

Each pot was initially planted with 6 seed then
thinned to 3 seedlings per pot in the 4-leaf stage.
Drought treatments were implemented at 6 to 8 leaf
stage. The pots were arranged completely
randomized and replicated with 5 pots. Soil moisture
was measured by wet sensor (type WET-2, Delta-T
Device Ltd, Cambridge, England) to maintain
drought treatments. The irrigation was performed
every three days until the harvest.

The samples of leaf have been taken in the
harvest period and dried at oven at 68 °C for 48 h and
passed 1 mm sieve size. The Kjeldahl method and a
Vapodest 10 Rapid Kjeldahl Distillation Unit
(Gerhardt, Konigswinter, Germany) were used to
determine total nitrogen (N) (Bremner, 1996). Macro
and micro-elements were determined after wet
digestion (HNO3-H20, acid mixture (2:3 v/v)) of
dried and ground sub-samples in microwave
digestion (Bergof Speedwave Microwave Digestion
Equipment MWS-2), by using an Inductively Couple
Plasma spectrophotometer (Perkin-Elmer, Optima
2100 DV, ICP/OES, Shelton, CT 06484-4794, USA)
(Mertens, 2005a; 2005b).

The experimental design was randomized
complete block design with three replications. The
differences among the means of applications were
compared using the Duncan multiple tests (SPSS,
2010).

RESULTS AND DISCUSSION

The mineral content of chard leaves was
affected significantly by drought applications. Under
well-watered conditions only Na and Zn were
significantly altered by NO applications, however the
results of interacted drought and NO applications
were statistically significant for all mineral contents.
The Mg, Ca, Fe, Cu, Mn, Zn and B content of chard
leaves decreased while Na content increased with the
highest drought stress (Table 1).
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The Na content of the chard leaves increased
14% in D1 and 26% in D2 drought stress levels.
Although Na content increased with drought stress,
NO applications caused a significant decrease in Na
content. The Ca, Fe, Cu, Mn, Zn and B content of
leaves decreased almost 50% in D2 as compared to
DO (control treatment) and this reduction was around
35% in D1. These reductions might be related to
drought stress levels, which are subjected to 100% of
water to reach the field capacity (DO; control), and
67% (D1) and 33% (D2) of the given water in control
treatment (DO). Results revealed that mineral content
and the nutrient uptake by the roots of the chard
leaves significantly decreased under drought stress
due to the decline in soil moisture. Drought stress
gradually can cause a reduction or imbalance in
nutrient uptake and their transport (Heidari and
Karami, 2014).

The highest Fe, Cu and Zn content were
obtained from 150 pM sf NO application, while the
highest Mn and B were obtained from 15 uM 0 s and

N(%)

0 50 100 150 200 0
DO

L)

50 100 150 200 0
D1
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200 uM sf NO application in D1. However, in D2 the
highest Cu and B content were obtained from 150sf
NO application, while the highest Mn and Zn
obtained from 100 uM sf and the highest Fe obtained
from the 200 uM s NO application. NO are involved
in many processes in plant such as primary and
lateral root growth (Kopyra and Gwo6zdz, 2004). Sun
et al. (2017) indicated that the stimulation or
inhibition of root growth is related to NO doses, and
NO treatments affect nutrient fluctuation in plants.
Earlier studies reported that exogenous NO
treatments induced root growth under stress
conditions (Zhao et al., 2007; Meng et al., 2012;
Manoli et al., 2014; Trevisan et al., 2014).

Under well-watered conditions N  was
significantly altered by NO applications, and the
results of interacted drought and NO applications
were statistically significant. NO increased the
percentage of N in the plant especially in some
application doses regardless of seed or seed and
foliar application together (Figure 1).

sf

50 100 150 200
D2

Drought Treatments- NO Doses

Figure 1. Effects of seed (s) or seed and foliar (sf) applications with different NO doses on leaf N content of
chard under drought treatments (DO: control 100%; D1: 67% and D2: 33% of the water required to

reach field capacity).

The total amount of N decreased roughly 18%
in D1 and 40% in D2 drought treatments as
compared to DO. The highest N content of leaves was
obtained 100 uM sf in all drought levels. Sun et al.
(2017) also reported that NO regulates N distribution
and uptake in many plant species.

The P content decreased 34% in D1 and 48% in
D2, however, it increased with NO applications
under all drought levels. The highest P content was
obtained from 150 puM sf application in DO
treatments (Figure 2).
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Figure 2. Effects of seed (s) or seed and foliar (sf) applications with different NO doses on leaf P content of
chard under drought treatments (DO: control 100%; D1: 67% and D2: 33% of the water required to

reach field capacity).

Decreased soil moisture levels may cause a
reduced rate of nutrient diffusion from the soil to the
root surface (Pinkerton and Simpson, 1986; Sahin et
al., 2018). Previous studies have shown that drought
can reduce nutrient uptake from soil especially the
concentration of nitrogen (N) and phosphorus (P) in
plant tissue (Waraich et al., 2011; He and Dijkstra,
2014). Moreover, Kramer and Boyer (1995) stated
that a reduced root adsorbing power of plants occurs
since the nutrient transport from the roots to the
shoots is restricted by the reduced transpiration rates.
We also have observed reduced transpiration rates
under drought treatments; this can be another reason
to observe the reduced mineral uptake by plants. As
a result, the reduced nutrient availability under
drought is one of the most significant factors for
plant growth. The reduction of water availability in
plants with drought stress prevents the intake of
nutrients required for the plant.

CONCLUSION

This study aimed to investigate chard (Beta
vulgaris var. cicla L.) nutrient uptake by applying
NO solely on the seeds or together with seed and
foliar applications under different levels of drought.
NO applications positively induced nutrient uptake
and its effect was favorable under well-watered
conditions as well. The results were more significant
with 100 and 150 uM doses of NO applications in all
drought  treatments  including  well-watered
conditions. Our results indicated that optimized dose
of NO, depending on drought stress severity, could
have an important ameliorating effect in response to
nutrient uptake of chard.
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