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Abstract. Nitrogen (N) is an essential macronutrient limiting plant growth and quality of
leaf-vegetable sweetpotato (Ipomoea batatas Lam). The objective of this study was to
investigate the effects of N deficiency and re-supply on growth, physiology, and amino acids
in sweetpotato. Two leaf-vegetable sweetpotato cultivars, Pushu 53 and Tainong 71, were
subjected to three treatments in hydro-culture: 1) N sufficiency, 2) N deficiency, and 3) N
deficiency and subsequently with N re-supply. Compared with N sufficiency, N deficiency
caused a decrease in vine growth, carotenoid and chlorophyll content (Chlt), root viability,
photosynthesis, and nitrate reductase (NR) activity in both cultivars, but to a great extent in
Tainong 71. Whereas N deficiency increased root growth and glutamine synthetase (GS)
activity in both cultivars, and the increase in ‘Tainong 71’ was more obvious. Re-supply of
N recovered the vine growth, root viability, Chlt, photosynthesis, NR, and GS activity, to
a greater extent for ‘Pushu 53’ than for ‘Tainong 71’. N deficiency significantly decreased
essential amino acids, including lysine, phenylalanince, isoleucine, tryptophane, leucine,
and valine contents and nonessential amino acids, consisting of glutamic acid, aspartic acid,
glycine, argnine, and proline content in both cultivars. These results indicated that the light
leaf color leafy sweetpotato ‘Tainong 71’ is sensitive to the N availability and the dark green
leaf color ‘Pushu 53’ is more tolerant to low N, which appear to reflect the differential
response of two cultivars to their different adaptability to N availability.

Nitrogen is an essential macronutrient
required for plant growth and development
(Tabuchi et al., 2007), because it is a major
constituent of proteins, nucleotides, as well
as chlorophyll and numerous other metabo-
lites and cellular components (Lawlor, 2002).
Higher plants acquire the majority of their N
from the environment by nitrate assimilation.
Nitrate reduction catalyzed by NR, is the
primary step in the nitrate assimilation pro-
cess and it is essential for the production of
ammonium to be incorporated into carbon
skeletons for amino acid biosynthesis (Matas
et al., 2009). Inorganic N in the soil, in the
form of nitrate and ammonia, is initially

converted into glutamine and glutamate by
two enzymes, GS and glutamate synthase.
These amino acids are then used as starting
materials for the biosynthesis of organic
compounds involving N, including other
amino acids, nucleotides, and chlorophyll
(Hirel and Lea, 2002).

Plants usually can become N deficiency in
the field during intervals between fertilizer
applications, and one of the main adaptive
responses is the reprogramming of growth
and metabolism. For many species it results
in increased root growth relative to shoots
(Smolders and Merckx, 1992). It has been
found that low N nutrition modifies enzyme
activities and metabolite contents in plants
(Lemaitre et al., 2008). Similarly, NR activity
decreased whereas GS activity increased due
to higher accumulation of the cytosolic iso-
form. In Arabidopsis plants grown under
limiting N, rosette leaves show an accumu-
lation of sugars while having a deficit in
free amino acids (Lemaitre et al., 2008). In
addition, N deficiency hastens senescence
due to a high C:N ratio (Gombert et al.,
2006;Wingler et al., 2006). After a prolonged

N starvation period, different physiological
processes such as nucleic acid and enzyme
breakdown occur (Crafts-Brandner et al.,
1998). In particular, breakdown of Rubisco
leads to a decrease in photosynthetic capacity
of the plant and ultimately inhibits plant
growth (Walker et al., 2001).

Sweetpotato (I. batatas Lam) belongs to
the family Convolvulaceae, and has become
the most widely distributed crop in most
developing countries. Sweetpotato serves as
a staple food (fleshy roots and tender leaves),
which is high in nutritive value, outranking
most carbohydrate foods in vitamins, min-
erals, protein, and energy content (Onuh
et al., 2004). The leaves of sweetpotato have
been shown to be an excellent source of
antioxidative polyphenolics such as caffeoyl-
quinic acid, anthocyanins (Islam et al., 2002),
as well as beta-carotene compared with other
commercial vegetables. Soil N availability is
an important component in storage root pro-
duction of sweetpotato as well as for leafy
sweetpotato (Phillips et al., 2005), whereas
N is an important factor in determining the
growth and nutrient composition of leaf-
vegetable sweetpotato. Growth analysis and
performance of four sweetpotato cultivars
under different levels of N and K (potassium)
showed that cultivars differed for most of the
parameters evaluated: fresh and dry weight of
leaves, stems and roots, stem length, inter-
node distance, leaf area, N and K contents,
and soluble solid levels (Nin and Gilsanz,
1998). So far, little has been known about the
N deficiency and N re-supply on growth and
quality of leaf-vegetable sweetpotato. There-
fore, the objectives of this study were to 1)
investigate the effect of N deficiency and
subsequently N-resupply on growth, photo-
synthesis and related physiological processes
such as chlorophyll content (Chlt), root via-
bility, N metabolism in sweetpotato seed-
lings, and 2) examine variations of amino
acids in leaves.

Materials and Methods

Plant materials, growth conditions, and
treatments. Quartz sand (2–4 mm) was pre-
treated with dilute hydrochloric acid (1:1) for
24 h, washed thoroughly with tap water and
followed by three successive deionized water
rinses, and then air-dried at room tempera-
ture. Uniform vines (seedling length with
20 cm) of two leaf-vegetable sweetpotato
cultivars with contrasting leaf color, Pushu
53 (dark green) and Tainong 71 (light green),
were collected from field and planted in
plastic pots (10 cm diameter and 12 cm
height). Each pot contained two seedlings
with totally 12 pots for each cultivar. Pots
filled with quartz sand as the plant anchor
medium and suspended over tubs contain-
ing 45 L half-strength Hoagland solution
(Hoagland and Arnon, 1950). Pot bottoms
consisted of a coarse nylon screen allowing
roots to freely growing into the solutions. The
culture solution containing 1.44 mM NH4NO3,
0.3 mM NaH2PO4, 0.5 mM K2SO4, 1.0 mM

CaCl2, 1.6 mM MgSO4, 0.17 mM Na2SiO3,
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50 mM Fe-EDTA, 0.06 mM (NH4)6Mo7O24,
15 mM H3BO3, 8 mM MnCl2, 0.12 mM CuSO4,
0.12 mM ZnSO4, 29 mM FeCl3, pH 6.0 (Ning
et al., 2014). The culture solutionwas refreshed
every 2 d. Plants were grown in an environ-
mentally controlled walk-in growth room with
the temperature regime of 30/25 �C (day/
night), 70% to 80% relative humidity, and
photosynthetically active radiation (PAR)
levels of 1000 mmol·m–2·s–1 at canopy height
for 14 h. Plants were allowed to growing for
three new leaves expanded in hydro-culture.
Then, eight pots of the plants were trans-
ferred into a culture solution without
NH4NO3 (N-deficient) and the other four
pots transferred into a culture solution with
complete nutrients (N-sufficient). After 10 d,
four pots of the N-deficient plants were
transferred into the culture solution with
complete nutrients (N-resupply) and the rest
of four pots still in a culture solution without
NH4NO3 (N-deficient). All solutions were
changed thrice weekly and deionized water
was added daily to replace the water lost
by evapotranspiration. The solution pH was
maintained at 6.0 by addition of concentrated
NaOH solution and the solution was contin-
uously aerated with an air pump to provide
O2 and achieve nutrient homogeneity. A
completely randomized design was used with
four replications (pots).

The growth and physiological variables
and fresh samples collections were taken
after 10 d of N re-supply. The third fully
expanded leaves from top were used for gas
exchange determination, then harvested and
immediately frozen in liquid N and stored at
–80 �C for the further analysis, and the shoot
tips (the first and second leaf) were collected
for amino acid determination.

Measurements. Shoot and root growth
were determined as the vine and root length
at the initial and the final of the experiment.

Net photosynthetic rate (Pn), stomotal
conductance (gS), and transpiration rate (Tr)
were measured before and after exposure of
N treatment. The third fully expanded leaves
from top were selected for measuring gas
exchanges using an Infrared gas analyzer
(IRGA, LI-6400; LI-COR, Inc., Lincoln,
NE) between 10 AM and 3 PM. Gas exchange
parameters were measured under a PAR of
1000 mmol·m–2·s–1, atmospheric CO2 of 400
mmol·mol–1, 75% relative humidity, and tem-
perature of 28 �C.

Total Chlt was extracted in the dark for
72 h in dimethyl sulphoxide following the
procedure described by Hiscox and Israelstam
(1979). The absorbance of the leaf extract
was measured at 663 and 645 nm with a spec-
trophotometer [ultraviolet-2600; SHIMADZU
Corporation, Kyoto, Japan] and calcu-
lated by the formula described in Arnon
(1949).

Roots were washed with deionized water
for viability measurements. Root viability was
estimated by measuring the activity of dehy-
drogenase by using the triphenyltetrazolium
chloride (TTC) reduction technique (Knievel,
1973; McMichael and Burke, 1994). The ac-
tivity was based on the dry weight of the root

sample, determined after drying in an 80 �C
oven for at least 72 h.

Nitrogen reductase activity was measured
according to Yaneva et al. (2002). Leaf and
root segments were homogenized in an ex-
traction buffer [5 mM ethylenediaminetetra-
acetic acid (EDTA), 5 mM glutathione,
1% (w/v) casein, polyvinylpyrrolidone, and
50 mM hydroxyethyl piperazineethanesul-
fonic acid pH 7.5] and centrifuged at
12000gn for 10 min. Hundred microliters of
the homogenate were added in the assay
mixture containing 200 mmol KNO3 and
0.2 mmol nicotinamide adenine dinucleotide.
After incubation at 30 �C for 20 min, the
reaction was finished by the addition of 50 mL
of 1M zinc acetate. Themixturewas centrifuged
for 5 min at 7600gn and the supernatant was
used to determine nitrite production by reading
the absorbance at 540 nm after the addition
of 1% sulphanylamide in 1.5 M HCl and 0.01%
N-(1-naphthyl)-ethylenediammonium dichlo-
ride. Nitrate reductase activity is expressed in
mmol NO2/g FW/h, which refers to 1 mmol
NO2 produced in 1 h by 1 g fresh weight of
plant materials.

Enzyme activity of GS was determined as
described by Horchani et al. (2010). Fresh
leaf tissues (0.2 g) were ground in 3.0 mL of
50 mM Tris-HCl solution (pH 8.0) containing
2 mM MgSO4, 2 mM DTT, and 0.4 M sucrose
in an ice-cold mortar with a pestle. The ho-
mogenate was centrifuged at 12,000gn for
20 min at 4 �C. One milliliter of the crude
enzyme extract was added to 1.6 mL assay
mixture (0.6 mL of 0.25 mM imidazole-HCl
buffer, 0.4 mL of 0.3 mM sodium hydrogen
glutamate, 0.4 mL of 30 mM ATP-Na, and
0.2 mL of 0.5 mM MgSO4). The mixture was
incubated for 5 min at 25 �C. And then,
0.2 mL of hydroxylamine hydrochloride
(a mixture of 1M hydroxylamine hydrochlo-
ride and 1 M HCl, 1:1) was added and left
standing for 15 min. The reaction was
stopped by adding 0.8 mL FeCl3 solution
containing 10% FeCl3, 24% trichloroacetic
acid, and 50% HCl (1:1:1). For the control
tube, 1.0 mL of 50 mM Tris-HCl solution was
used instead of the crude enzyme extract.
Finally, tubes were all centrifuged at 4000gn
for 15 min. The resulting supernatants were
measured at 540 nm. Glutamine synthetase
activity is expressed in U/mg protein/h.

Amino acids were determined according
to the method described by Zhang et al.
(2012). Briefly, 0.5 g of fresh shoot tips was

ground into fine powder in liquid N and
extracted with 1.5 mL HCl (0.1 M) at 4 �C
for 8 h. The homogenate were centrifuged at
12,000gn for 30 min. The supernatant was
collected and measured by using a reversed-
phase high performance liquid chromatogra-
phy with an Agilent 1100 Series (Agilent
Technologies; Atlanta, GA) with the excita-
tion and emission wavelength of 338 nm.
Seventeen amino acids were separated on an
Eclipse AAA column (4.6 · 150 mm, 5 mm)
eluted at 40 �C with a gradient of solution A
(40 mMNaH2PO4, pH 7.8) and buffer B [45%
(v/v) acetonitrile, 45% (v/v) methanol, 10%
(v/v) H2O] at a flow rate of 2.0 mL·min–1 with
the following proportions of buffer B: 0 min,
0%; 1.9 min, 0%; 18.1min, 57%; 18.6 min,
100%; 22.3 min, 100%; 23.2 min, 0%; and
30 min 0%. The calculations were carried out
according to the external mixed amino acid
standard solution, including 17 kinds of
amino acids.

Statistical analysis. All data were sub-
jected to analysis of variance by using the
general linear model procedure of SAS (ver-
sion 9.2; SAS Institute Inc., Cary, NC) to
determine the treatment effects and geno-
typic variations in growth and physiological
response. Treatment means and genotype dif-
ferences were separated using the Duncan’s
multiple range tests at P < 0.05.

Results and Discussion

Growth response to N deficiency and re-
supply. Plant shoot and root growth showed
differential response to N availability. In this
study, N deficiency inhibited vine growth and
promoted root growth in comparison with the
N sufficient control, thus resulted in an in-
creased root:shoot ratio in both cultivars
(Table 1). In contrast, re-supply of N lead to
an increased vine length and a decreased root
length when compared with the N deficiency,
and the root:shoot ratio were decreased in
both cultivars (Table 1). For the comparison
of the two cultivars, however, Pushu 53 had
increased vine length, reduced root length,
and reduced root:shoot ratio in N deficiency.
These results suggested that sweetpotato
cultivars with light leaf color are more
sensitive to N availability for growth re-
sponse. It was evident that leaf production
was directly related to vine length. This was
clear from the fact that N deficiency produced
the shorter vine and consequently the less

Table 1. Effects of nitrogen (N) treatment on vine and root growth in sweetpotato.

Vine length (cm) Root length (cm) Root:shoot ratio

‘Tainong 71’
S-N 54.3 a 28.4 d 0.52
D-N 28.5 d 43.3 a 1.52
R-N 39.4 bc 35.1 bc 0.89

‘Pushu 53’
S-N 59.6 a 30.1 d 0.51
D-N 35.2 c 38.1 b 1.08
R-N 45.3 b 34.3 c 0.76

S-N = sufficient N; D-N = deficient N; R-N = re-supply of N.
Data are expressed as means of four replicates (n = 4). Means in a column followed by the same lowercase
letter for the comparison of N treatments for two cultivars are not significant atP > 0.05 using the Duncan’s
multiple range tests.
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number of leaves with a lower production for
leaf-vegetable sweetpotato. This reduction in
traits related to shoot growth and develop-
ment also has been observed in previous
studies that the sessile plant increases its
capacity to acquire N by stimulating root
growth relative to shoot growth, which leads
to an increased root:shoot ratio and a strong
modification of the root system architecture
(Richard-Molard et al., 2008; Scheible et al.,
1997). One of the possible explanations is
that plants allocate exogenous resources to-
ward the biomass production of organs that
are involved in acquiring the scarcest nutri-
ents (Remans et al., 2006; Scheible et al.,
1997). The root is devoted to mineral nutrient
acquisition and it is the first organ that senses
and signals mineral starvation. This mecha-
nism has been observed to varying degrees in
a wide range of plant species and served as an
important step in a plant’s ability to compete
with its neighbors for a limited supply of
nutrients (Ericsson, 1995).

Physiological response to N deficiency
and re-supply. Chlorophyll and carotenoid
content is one of the most commonly used
indicators of leaf senescence (Lim et al.,
2007) and the most general symptom of
N deficiency is leaf chlorosis (Marschner,
1995). In this study, ‘Pushu 53’ had a signif-
icantly higher carotenoid and Chlt content
under normal growth conditions (N suffi-
ciency) (Fig. 1). Sweetpotato seedlings grow-
ing under deficient nutrient solutions for
10 d decreased the contents of chlorophyll
in two cultivars and chlorosis was first
visually observed in the third leaves, whereas
re-supply of N increased carotenoid and Chlt
in comparison with N deficiency, but still
lower than N sufficiency except for Chlt in
‘Pushu 53’ (Fig. 1). It appears that analyses of
chlorophyll in the third leaf are accurate tools
to diagnose N deficiency in sweetpotato.

In addition, Chlt as an indicator of photo-
synthetic activity is of particular significance
to precision in agriculture (Milivojevi�c and
Stojanovi�c, 2003). In this study, along with
the decreased Chlt, net Pn, gS, and Tr de-
creased under N deficiency when compared
with N sufficiency in both cultivars (Table 2).
Whereas re-supply of N increased Pn, gS, and
Tr in two cultivars in comparison with
N deficiency. The gas exchange parameters
recovered to the N sufficient control level in
‘Pushu 53’, but still lower the control in
‘Tainong 71’ (Table 2). These results sug-
gested that the reduction of photosynthesis is
related, at least partially to the decreased Chlt
due to N deficiency in sweetpotato. There
often exists a pronounced down-regulation
of photosynthesis in starch-accumulating
species when sink capacity is limiting
(Goldschmidt and Huber, 1992), which is
indicated in this study by reduced vine growth
and leaf initiation (Table 1). These results
demonstrated that N deficiency induced sink
limitation within the whole plant due to de-
creased growth and reduced leaf area contrib-
uted to the photosynthesis reduction.

Root viability reflects the quality and
metabolic status of root development in a

certain extent (Liu et al., 2014). In this study,
root viability determined by TTC reduction
in response to N treatment in both plant
cultivars (Fig. 2). N deficiency reduced root
viability in two cultivars, and the reduction in
root viability was greater for Tainong 71,
since the TTC reduction was reduced to 43%
of the control level in Tainong 71 and by
�74% in Pushu53. These results suggested
that root viability was associated with N
availability for sweetpotato and the tolerance
to low N of ‘Pushu 53’ could be attributed to
the high root viability. It has been found that
root viability was significantly positively
correlated with green leaf area per plant,
Chlt, and Pn in soybean under N fertilization
(Zhang et al., 2013). Root viability recovered
to some extent in ‘Tainong 71’, while re-
covered to the N sufficient control in ‘Pushu
53’ after re-supply of N. Root viability did
not differ between the two cultivars under the
control conditions, but were significantly
greater in Pushu 53 than Tainong 71 during
N treatment (Fig. 2). These results indicated
that the increased root viability could help to
enhance Chlt and Pn in sweetpotato after N
deficiency.

In higher plants, GS and NR are major
enzymes responsible for assimilation of
ammonium and nitrate absorbed from the
growth medium (Lea and Miflin, 1974). In
this study, N deficiency and re-supply signif-
icantly modified activity of these two N
assimilating enzymes. The NR activity sig-
nificantly decreased under N deficiency in
leaves and roots of two cultivars (Table 3).
The activity of NR recovered to the control
level after re-supply of N in ‘Pushu 53’, but
still lower than the control in ‘Tainong 71’.
‘Pushu 53’ maintained a significantly higher
NR activity than ‘Tainong 71’ under N de-
ficiency and subsequently N re-supply
suggesting ‘Pushu 53’ had a higher N assim-
ilating rate that contribute to the higher
tolerance to low N. The enzyme GS plays
an important role in N assimilation and
remobilization during senescence (Bernard
and Habash, 2009; Miflin and Habash, 2002),
and a decrease of leaf GS activity during
senescence of rice leaves and the decrease in
leaf GS activity were mainly caused by
a decrease of the GS2 in the chloroplasts
(Kamachi et al., 1991). There was a signifi-
cant decrease in GS activity in leaves and
roots of the seedlings for ‘Tainong 71’ under
N deficiency, and recovered to the control

level after re-supply of N (Table 3), suggest-
ing a lower level of N assimilation and
remobilization in ‘Tainong 71’ under N de-
ficient conditions that leads to the early leaf
senescence. We observed a sustained GS
activity even under severe N-depleted condi-
tion for ‘Pushu 53’, re-supply of ammonium
and nitrate resulted in an increased GS
activity, suggesting that nitrate and ammo-
nium supply increases the capacity of nitrite
reduction in plastids, and, hence, the demand
for higher plastid ammonium assimilation
(Tobin and Yamaya, 2001). Interestingly,
NR and GS activity was significantly higher
in leaves than in roots for both cultivars either
under control conditions orN treatment (Table
3), suggesting that the NO3

– and NH4
+ assim-

ilation in sweetpotato primarily occurs in the
roots, which was consistent with what has
been observed for wheat plants and for many
other plant species, but contrary to what has

Fig. 1. Effects of nitrogen (N) treatment on caroten-
oid (A) and chlorophyll (B) content in two
sweetpotato cultivars. Plants were treated with
a nutrient solution containing sufficient N (S-N),
deficient N (D-N), and re-supplyN (R-N) after N
deficiency for 10 d. A bar represents the mean of
six replications and the vertical line on top of
the bar represents the SD. Treatment means and
genotype differences were separated using the
Duncan’s multiple range tests at P < 0.05.

Table 2. Effects of nitrogen (N) treatment on leaf net photosynthetic rate (Pn), stomotal conductance (gS),
and transpiration rate (Tr) in sweetpotato.

Treatment Pn (mmol·m–2 s–1) gS (mmol·m–2·s–1) Tr (mmol·m–2·s–1)

‘Tainong 71’ S-N 15.7 a 0.28 ab 4.86 a
D-N 7.8 d 0.14 d 2.10 c
R-N 10.3 c 0.19 c 2.91 c

‘Pushu 53’ S-N 16.6 a 0.33 a 4.91 a
D-N 13.3 b 0.25 b 3.70 b
R-N 15.4 a 0.31 a 4.23 ab

S-N = sufficient N; D-N = deficient N; R-N = re-supply of N.
Data are expressed as means of four replicates (n = 4). Means in a column followed by the same lowercase
letter for the comparison of N treatments for two cultivars are not significant atP < 0.05 using the Duncan’s
multiple range tests.
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been observed in tomato and lucerne plants
(Cruz et al., 1993; Lasa et al., 2002).

The amino acid pool of plants is charac-
terized by high flexibility and varies between

species, cell types, and physiological situa-
tions (Schl€uter et al., 2012). The majority of
amino acids usually change in coordination;
especially high correlation had been
described for minor amino acids (Noctor et al.,
2002) or amino acids sharing the same bio-
synthetic pathway (Fritz et al., 2006). In this
study, N deficiency significantly decreased
essential amino acids, including Lys, Phe,
isoleucine (Ile), tryptophane (Trp), leucine
(Leu), and valine (Val) content, and non-
essential amino acids, consisting of glutamic
acid (Glu), aspartic acid (Asp), Gly, argnine
(Arg), and proline (Pro) content in both
cultivars (Table 4). The general down-
regulation of amino acids in N-starved plants
is expected and in agreement withmany other
studies in perennial ryegrass (Louahlia et al.,
2008), Arabidopsis (Krapp et al., 2011),
wheat (Howarth et al., 2008), tomato
(Urbanczyk-Wochniak and Fernie, 2005),
and tobacco (Fritz et al., 2006). Under control
growth conditions (sufficient N, S-N), ‘Pushu
53’ had higher lysine (Lys), phenylalanince
(Phe), glycine (Gly), and histidine (His)
content than ‘Tainong 71’ (Table 4). There
was no difference between N deficiency and
the N sufficiency for the essential amino

acids methionine (Met), threonine (Thr),
and nonessential amino acids serine (Ser),
His, Ala, and tyrosine (Tyr) content in two
cultivars. In contrast, re-supply of N in-
creased essential amino acid content, includ-
ing Lys, Phe, Ile, Trp, Leu, and Val content,
and nonessential amino acids including Glu,
Asp, Arg, and Pro content when compared
with the N deficiency in two cultivars. It is
remarkable that the essential amino acids
including Lys, Phe, Ile, and Val content,
and nonessential amino acids including Glu,
Asp, Arg, and Pro content was higher in
leaves of ‘Pushu 53’ than that of ‘Tainong
71’ under N deficiency and re-supply (Table
4). In contrast to the majority of amino acids,
Ala and Tyr showed no changes under N
deficiency for two cultivars, even a decreased
level was observed for ‘Tainong 71’ after re-
supply of N. In the study of Tschoep et al.
(2009), only Asp, Ala, and Asn decreased
under low N, but most other amino acids
increased. These results suggested that
growth retardation was due to changes in
sink demand and allowed accumulation of
amino acids under N stress. Strong individual
responses to low-N conditions were also found
for Lys and Leu in tomato leaves (Urbanczyk-
Wochniak and Fernie, 2005), for Gln and Trp
in wheat (Howarth et al., 2008), and for Glu,
Phe, and Asp in tobacco leaves (Fritz et al.,
2006). It shows that under specific experimen-
tal conditions, the response of individual
amino acids differs not only quantitatively
but also qualitatively from the general trend
(Schl€uter et al., 2012).

In summary, N deficiency caused growth
retardation and accelerated leaf senescence
as indicated by the decline in vine growth,
photosynthesis, root viability, N assimilating
enzymes, Chlt and amino acid content in
leaves, with more great changes in ‘Tainong
71’. These results indicated that ‘Tainong 71’
was sensitive to N availability and ‘Pushu 53’
was more tolerant to low N, which appeared

Table 3. Effects of nitrogen (N) treatment on leaf and root nitrate reductase (NR) and glutamine synthetase
(GS) activity in sweetpotato.

‘Tainong 71’ ‘Pushu 53’

NR (nmol NO2
–/mg protein/h)

S-N D-N R-N S-N D-N R-N

Leaf 123.4 Aa 42.3 Ad 85.4 Ac 136.4 Aa 100.3 Abc 115.4 Aab

Root 83.4 Bb 22.3 Bd 46.4 Bc 96.4 Ba 84.3 Bab 88.4 Bab
GS (U/mg protein/h)

Leaf 254.4 Ac 370.2 Aa 300.5 Ab 286.3 Abc 423.3 Aa 324.3 Ab
Root 147.0 Bc 234.5 Ba 167.9 Bb 156.2 Bbc 164.8 Bb 158.2 Bbc

S-N = sufficient N; D-N = deficient N; R-N = re-supply of N.
Data are expressed as means of four replicates (n = 4). Means in a column followed by the same uppercase
letters for the comparison of leaf and root are not significant; values followed by the same letters in a row
indicate no significant differences between N treatments for two cultivars at P < 0.05 using the Duncan’s
multiple range tests.

Table 4. Effect of nitrogen (N) treatment on leaf amino acids content (mg·kg–1) in two cultivars of sweetpotato.

Tainong 71 Pushu 53

S-N D-N R-N S-N D-N R-N

Essential amino acids
Lysine 1881 b 583 e 1505 c 2073 a 1057 d 1907 ab
Phenylalanine 1672 b 853 d 1338 c 1875 a 1444 c 1725 ab
Methionine 523 a 528 a 496 a 592 a 563 a 545 a
Threonine 1463 ab 1419 ab 1375 b 1579 a 1516 a 1453 ab
Isoleucine 1359 ab 693 c 1087 b 1481 a 1081 b 1362 ab
Tryptophane 314 a 169 c 251 b 296 ab 252 b 272 ab
Leucine 2613 a 1620 c 2090 b 2862 a 2175 b 2633 a
Valine 2090 a 1066 d 1672 b 1875 ab 1369 c 1725 ab

Nonessential amino acids
Glutamic acid 4285 a 2185 c 3428 b 4540 a 3314 b 4177 ab
Serine 1254 ab 1141 b 1279 ab 1283 ab 1501 a 1180 b
Aspartic acid 3553 a 1812 c 2842 b 3652 a 1132 d 3360 ab
Glycine 1672 b 1488 c 1338 d 1974 a 1441 c 1816 ab
Argnine 1986 a 1154 d 1588 b 2073 a 1264 c 2011 a
Proline 1463 a 600 c 1170 b 1481 a 1081 b 1451 a
Histidine 732 b 783 b 585 d 888 a 648 c 835 ab
Alanine 1881 a 1994 a 1505 b 1974 a 1816 a 1836 a
Tyrosine 1045 a 1003 a 836 b 1184 a 1094 a 1090 a

S-N = N sufficiency; D-N = N deficiency; R-N = re-supply of N.
Data are expressed as means of four replicates (n = 4). Values followed by the same letters in a rowmeans no significant differences between N treatments for two
cultivars at P < 0.05 using the Duncan’s multiple range tests.

Fig. 2. Effects of nitrogen (N) treatment on root
viability [triphenyltetrazolium chloride (TTC)
reduction] in two sweetpotato cultivars. Plants
were treated with a nutrient solution containing
sufficient N (S-N), deficient N (D-N), and re-
supply N (R-N) after N deficiency for 10 d. A
bar represents the mean of six replications and
the vertical line on top of the bar represents the
SD. Treatment means and genotype differences
were separated using the Duncan’s multiple
range tests at P < 0.05.
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to reflect the differential response of two
cultivars to their different adaptability to N
availability and might have evolved as an
important strategy of survival of these culti-
vars in their natural environment.
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