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ABSTRACT

Hydroponic and field experiments were conducted to evaluate the effect of three nitrogen (N) rates and two N
forms - ammonium nitrate and urea - on growth of rice plant under severe saline conditions. In hydroponics, two salt
tolerant cultivars, Cuom and A69-1, were examined at tillering stage. Three concentrations of N - 1.4, 2.1 and 2.8 mM
were applied to Yoshida solution supplemented with NaCl at 113 mM. In paddy field under severe saline condition,
six cultivars, viz. Cuom, Ngoi, Hom rau, A69-1, FL478, and IR28 were used to evaluate growth and yield at three N
levels, 45, 68 and 90 kg N ha™. In hydroponic condition, plant dry weight, number of root tips, total root length, and
SPAD value increased with ammonium nitrate concentration. In contrast, all these parameters as well as leaf specific
area and N use efficiency decreased with urea concentration in both cultivars. In the paddy field experiment, N forms
and levels had no effect on grain yield, but N forms affected 1000-grain weight and number of panicles per plant,
whereas N levels increased dry matter weight at dough-ripening stage with N applied. The use of reduced N fertilizer
level was suggested for rice under severe saline condition.

Keywords: Ammonium nitrate, N use efficiency, Oryza sativa L., salinity, urea.

Anh hwéng cua cac dang dam bén
va lwong dam bon déen sinh trwéng cia mét so giong lua trong dieu kién man cao

TOM TAT

Céc thi nghiém dworc tién hanh trong diéu kién thay canh va ddng ruéng nham danh gia anh hwéng cta ba lidu
lwgng dam va hai dang dam boén khac nhau 1& uré va amon nitrat dén sinh trwdng clia cac giéng IGa trong diéu kién
man cao. Thi nghiém thly canh dwoc tién hanh véi hai giéng [Ga chiu man la Cwdm va A69-1, str dung dung dich
dinh dwéng Yoshida c6 bd sung mubi NaCl véi ndng do 113 mM, xt ly dam & ba ndng 6 1a 1,4 mM N, 2,1 mM N, va
2,8 mM N. Cay lua dwoc danh gia kha nang sinh trwéng & thdi diém 4 tuan sau xt ly man. & thi nghiém ddng rudng,
ba gidng lta dia phwong gém Cwéom, Ngoi, Hom rau, va ba giéng lua cai tién gdm A69-1, FL478 va IR28 dwoc st
dung dé& danh gia sinh trwéng va ndng sudt dudi anh hwédng cla ba lidu lwong dam boén 1a 45 kg N,
68 kg N, 90 kg N/ha & didu kién dat nhiém man cao. Két qua thi nghiém thu dwoc & didu kién thay canh cho thdy cac
dang dam va lidu lwgng dam bén anh hwéng theo chidéu hwéng khac khau dén sinh trwéng clia cay lta. Cu thé, khi
tang lwong dam bon, khdi lwong chét kho tich ldy, sb lwong ré, tdng chidu dai ré va gia tri SPAD tang & dang dam
amon nitrat nhwng lai gidm & dang dam uré cting v&i chi tiéu chi sé do day 1a va hiéu suét st dung dam & ca hai
gidng Ita chiu mén. O thi nghiém déng rudng, viéc thay déi lidu lwgng va dang dam bén khdng anh hwéng dén néng
suét thye thu. Tuy nhién, dang dam bén c6 anh hwéng dén khédi lwgng 1.000 hat va sé bong/khém, con lidu lvong
dam lam tang khéi lwong chét kho tich Ity & giai doan chin sap khi tang lwgng dam bén. Céac gibng lta dia phwong
c6 sb bong/khom va ti 18 hat chic thap nhat & lidu lwgng dam bén 45 kg N/ha, khong c6 sw khac biét & hai liéu lwong
bon 68 kg N/ha va 90 kgN/ha. Trong khi d6, cac gidng cai tién chiu mén khéng bi &nh hwéng béi viéc thay ddi lidu
lwong dam bén, gidbng nhiém man IR28 lai gidm vé& nang suét thwe thu, sb hat/bong, ti 1& hat chic va khéi lwong
1.000 hat khi gidm lwgng dam bén tir 90 kg N/ha xubng 45 kg N/ha.

T khéa: Amon nitrat, hiéu suét st dung dam, IUa (Oryza sativa L.), man, uré.
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1. INTRODUCTION

Rice is the staple food for more than half of
the world population, however, its cultivation
has widely been suffered from salinity. Salt
stress has been shown to reduce grain yield by
18 to 25% in salt tolerant rice cultivars, and by
93% 1in sensitive ones (Moradi and Ismail, 2007,
Tang et al., 2011). Vietnam is one of the five
countries most influenced by climate change
(Nguyen, 2012). The annual sea level rises
2.15 mm, dry season extends, and agricultural
production is significant depressed (Tran and
Nguyen, 2013). Soil salinity has been occurring
both from underground and in surface by sea
water intrusion.

Rice plants resist to salt stress by decreasing
in concentration of toxicity ions such as Na* and
CI' in plants by different pathways. On the one
hand, the toxic ions could be reduced in absorption
decline or translocation adjustment inside plants,
and finally located in vacuoles of leaves (Yeo and
Flowers, 1984). On the other hand, the salt
tolerance was enhanced with the provision of
supporters. For example, supplying some ions
antagonising with Na* and CI" such as K' and
NO; performed effective inhibition of toxic ion
absorption to rice plants (Hu and Schmidhalter,
2005; Wu and Wang, 2012). Besides that, various
rice genotypes could show different responses to
salt condition. In our previous research, Tang et
al. (2011) and Pham et al (2012a, 2012b)
demonstrated that salt tolerant local rice and
improved rice performed differently in
photosynthesis, proline accumulation, dry matter
and N uptake in salt stress condition.

Nitrogen (N) is one of the most important
nutrients for growth and grain yield of rice. To
maximize yields, large amount of inorganic N
fertilizer are usually applied. However, only
50% or less of the applied N is readily absorbed
by plants. The other 50% or more is wasted by
volatilization, leaching, surface runoff and the
denitrification (Anjana and Igbal, 2007). N
uptake and assimilation decreases under salt
stress condition. However, results of our survey
showed that the amount of N fertilizer applied
under saline conditions is as high as under non-
saline ones.
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Although ammonium-nitrogen has been
considered as main nitrogen nutrition for rice, it
has been shown that the lowland rice is
exceptionally efficient 1in uptake nitrate
nutrition. Moreover, with changeable irrigation
by “alternate wet and drainage” in lowland,
aerobic soil conditions were more frequent,
thus, the role of nitrate-nitrogen form in paddy
rice attracted more attention. Previous results
indicated that partial replacement of NH,* by
NO; stimulated biomass of rice plants. Besides
that, nitrate-nitrogen was demonstrated less
volatilizable than ammonium and urea-nitrogen.
To avoid excessive losses, N fertilization
strategy needs to be adapted to the N demand of
crops. Therefore, improved N use efficiency of
rice should be searched for by decreasing
inorganic N application or changing forms of

N applied.

2. MATERIALS AND METHODS

2.1. Experiment in hydroponic solution

Two genotypes were used, one local salt
tolerant (Cuom) and one improved salt tolerant
cultivar (A69-1).

Imbibed seeds were sown in sandy loamy
soil in greenhouse. Ten seedlings of each variety
at the four-leaf stage were transplanted to
tanks containing 25L of Yoshida solution
(Yoshida et al., 1976) at a density of one plant
per hole, two cultivars - thus 20 holes - per
tank. The solution was renewed every two
weeks. The pH was adjusted daily at 5.0 - 5.5
with KOH 2M or HCI 1M. At transplanting , N
was applied in two different forms NH,NO, and
urea at three different concentrations, i.e. 1X
(the standard concentration in the Yoshida
solution: 2.8 mM N), 2/3X (2.1 mM N), and 1/2X
(1.4 mM N). Starting from the same period,
NaCl was applied in all treatments at the
severe concentration of 113 mM (=11.5 dS/m of
EC). Each of the six treatments was repeated
twice, thus amounting to 12 tanks, 120 plants
per genotype, 240 plants in total. The plants
were examined after four weeks of treatment.
The experimental design corresponded to a
completely randomized design (CRD) by re-
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arranging the tank position every week, with
three fixed and crossed factors-genotype, N
concentrations and N forms.

Four weeks after treatment, the number of
tillers per plant, the chlorophyll content index
(CCI), root system development and dry weight
were evaluated on five plants of each genotype in
each treatment. The CCI was recorded at three
points of the upper surface of the two youngest
fully expanded leaves by using a SPAD meter
(SPAD 502, Minolta, Japan). The number of
roots, total root length, total root surface area,
total root volume, and root a verage diameter
were determined by using the root scanner
WinRHIZO software package (v. 5.0, Regent
Instruments Inc., Canada). Plant dry weight was
determined after drying the samples in an oven
at 80°C till constant weight (approximately 48h).

Nitrogen use efficiency (NUE) was
calculated using the formula as follow:

Agronomical NUE (agNUE) = Total dry
weight (g.plant™)/ Total N applied (g)

2.2. Experiment in paddy field

Six rice cultivars including three local
cultivars ( Cuom, Hom rau, and Ngoi), two
improved cultivars (A69-1 and FL478), and one
salt sensitive cultivar (IR28) were used in
this experiment.

The experiment was conducted in paddy
field under severe saline condition in coastal
area in Nam Dien commune, Nghia Hung
district, Nam Dinh province of Vietnam from
June 2015 to November 2015 to evaluate
agronomical and physiological traits related to
NUE of rice under salt condition. Two N sources
- urea and NH,NO, - were applied at three
levels, 90, 68 and 45 kg ha™'. Thus there were
six different treatments applied to six cultivars
and total of 36 experimental plots. The
experiment was laid out in a split-split-plot
design with three replications; each plot size
was 10 m% Phosphate and potassium fertilizers
were used at dose of 90 kg P,O; ha! and 90 kg
K,O ha™ in all treatments.

At harvesting time, grain yield and yield

components (number of panicles per hill,

number of grains per panicle, filled-grain rate
and 1000-grain weight) were determined.

The chlorophyll content index (SPAD value),
leaf area and plant dry matter weight were
measured at the three growth stages:active
tillering stage (four weeks after transplanting),
heading stage, and dough-ripening stage (two
weeks after heading).

Soil salinity was measured every week by
the electrical conductivity meter HI 8633
(HANNA instruments, USA).

Data were statistically analyzed using the
“R” software.

3. RESULTS AND DISCUSSION

3.1. Hydroponic experiment

N forms, N and their
interaction significantly affected dry matter
weight, total root length, number of root tips,
SPAD value, leaf specific area, and N use
efficiency of rice plants (Table 1). Plants
generally performed better with urea (U) than
with ammonium nitrate (AN). It may be
because urea requires less energy to be
assimilated than nitrate which needs firstly to
be reduced to ammonium. With AN treatment,
plant dry weight, root system development
(data only shown for number of root tips and
total root length, not for root volume, root
average diameter, and root surface area), SPAD
value and leaf specific area increased with
increasing applied N in both cultivars (Figure 1).

concentrations

In contrast, with U treatment, rice plants
performed better under the lowest N
concentration and dramatically decreased under
the highest one. It could be that, whereas in soil
condition urea is hydrolysed by urease - a
nickel-dependent enzyme produced by soil
microorganisms - into NH,", this enzyme is
unavailable in nutrient solution, hence, urea
cannot hydrolysed (Merigout et al, 2008) and
excess urea may become toxic. Tan et al. (2000)
reported that in tomato, at the seedling stage,
the absorption of urea-N was only 25% of
nitrate-N, but in subsequent stages it was up to
80%. When using N urea as a tracer in
Arabidopsis, Merigout et al. (2008) proved that
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part of urea was absorbed by roots and was
transferred to shoots before its hydrolysis and
NH,"
assimilated directly in roots and NO,; was
rapidly translocated to the shoots.

Cuom cv. performed Dbetter that A69-1
under the saline conditions of the experiment.

assimilation, whereas seemed to be

This result was consistent with our previous
(Pham et al 2012a, 2012b). In
addition, photosynthesis, leaf area, dry matter
weight, chlorophyll
accumulation

studies

and proline

increasing
ammonium nitrate from 1.4 to 4.3 mM N in
both Cuom and A69-1 cultivars.

content
increased when

3.2. Field experiment

The experiment was conducted under
condition in a field which
conductivity varied from 4 to 8 mS cm™ (Figure 2),
which is higher than the sensitivity threshold
reported as 3 mS cm™ for indica cultivars (Singh
et al., 2010). Neither N forms nor N affected the
through the
transplanting time, salinity was around 4.5 mS
cm™ and it reached a peak at 8 mS cm™ 3 weeks
after transplanting (WAT) (tillering stage).

severe saline

salinity all experiment. At

Hence, it resulted in a strong decrease in
numbers of tillers, and consequently number of
panicles per plant and grain yield.
Subsequently, it decreased at 4 mS cm™ at 8
WAT because of the rain. At this time, panicle
started
namely Cuom, Hom rau and Ngoi, whereas
IR28 and FL478 were already at the flower
differentiation stage.

Initiation in three local varieties,

Salinity then steadily

increased and picked up to 6.7 mS cm™ at the
heading stage. Such a high salinity level at this
stage and subsequent ones could have a strong
effect on pollination, grain filling and finally
grain yield in all the varieties.

The ANOVA results (Table 2) indicated
that N forms only significantly affected 1000-
grain weight (1000 GW), and N levels only dry
weight and SPAD value at dough-ripening. The
interaction between these factors was not
significant. the effect of the
cultivars was significant for all parameters. The
interaction between N forms and cultivars, N

In contrast,

levels and cultivars, and between the three
factors were significant on number of panicles,
number of grains and 1000 GW.

Thus, under these prevailing severe saline

conditions, increasing N levels did not
significantly increase grain yield, except in IR28
cultivar (Figure 4).
correlation between N applied and filled-grain
rate for both N forms (Table 3). N application
correlated with SPAD value at active tillering
stage for U form, and with SPAD value at
dough-ripening stage for AN form. Grain yield
correlated positively with 1000GW and number
of grains for both N forms, as well as with
number of panicles for U form only. In addition,
grain yield correlated positively with LAI and
dry matter weight at the reproductive stage, but
negatively with SPAD at this stage. Number of
grains correlated with LAI and dry weight at
the reproductive stage for both N forms,
whereas number of panicles correlated with LAI

and dry weight only for U form.

There was a positive

Table 1. Analysis of variance with three fixed factors for agronomical

and physiological parameters in the hydroponic experiment

Source of variation df DM TRL NR SPAD LSA NUE
F 1 ok ok ok ok ok ok
L 2 *kk *% *kk *kk *% *kk
C 1 *kk *kk *kk *kk * *kk
F* L 2 *kk *kk *kk *kk *kk *kk
F*C 1 *kk *kk * *kk ns *kk
L*C 2 *kk *kk ns *%* ns *kk
F* L*C 2 *kk *kk *kk *kk ns *kk

Note: F: N form, L: N concentration, C: cultivar, DM: dry matter weight, TRL: total root length, NR: number of root tips,
SPAD: SPAD value, LSA: leaf specific area, NUE: N use efficiency, df: degrees of freedom, ns not significant,

*P<0.05, ** P<0.01, *** P<0.001
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Figure 1. Plant dry weight, number of root tips, total root length, SPAD value, leaf specific
area and N use efficiency of rice plants under different concentrations and forms of N

Note: AN: ammonium nitrate, U: urea

Decreasing N level from 90 to 68 and even
45 kg N ha™ caused no effect on SPAD value
(data not shown), leaf area index (LAI, data not
shown), and dry weight at tillering stage, but
caused a decline in these parameters at heading
3).
Differential response to N forms and levels was

and dough-ripening stages (Figure
also found at heading and subsequent stages,
but no clear tendency could be highlighted for

plant dry weight. For example, Cuom cultivar

produced the highest dry weight at heading
time with NH,NO, application at 90 kg ha™, but
at dough-ripening stage with urea at 90 kg ha™.
Besides, Ngoi and IR28 cultivars at ripening
stage had predominant dry weight when they
were applied urea of 68 kg N ha™!, and NH,NO,
at 90 kg N ha™. Other cultivars had the highest
dry weight at high dose of N application.

N forms or N levels showed no significant
effect on grain yield but affected several yield
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components, i.e. number of panicles, number of
grains per panicles, filled-grain rate and 1000-
grain weight (Figure 4, 5). A69-1, an improved
salt tolerant cultivar, showed the highest grain
yield, followed by Cuom (traditional) and FL478
(improved cultivar). Among the three improved
cultivars, A69-1, Fl478, and IR28, A69-1 was
affected neither by N forms nor N levels,
FL478 showed higher number of
panicles, higher number of grains under lower
N levels for both forms. IR28, on the contrary,
showed the lowest number of grains, filled-
grain rate and grain yield at 45 kg N ha'. In
the local cultivars, lowest values of yield
components were obtained under the lowest N
level and there were generally no significant
differences between the other N levels.

whereas

4. CONCLUSION

In hydroponics, lower concentration of urea
or higher concentration of NH,NO,-N were
suitable form for rice in severe saline condition.
In paddy field, N sources and N levels did not

show any effect on grain yield, but showed effect
on the number of panicles, number of grains,
grain weight, SPAD, LAI and dry weight at the
reproductive stage. Local rice cultivars showed
the lowest number of panicles and filled-grain
rate at the level of 45 kgN ha', whereas there
was no significant difference between the two
other levels. In improved salt tolerant cultivars
(A69-1 and FL478), there was no effect of N
level on grain yield, while in the improved salt
susceptible cultivar IR28, a significant decrease
of grain yield was observed under the lower N
supply. Thus, N fertilizer application should be
decreased consistently with the low demand of
the rice plants under saline condition. If so, N
fertilizer should be reduced at basal dressing
and first top-dressing (5 to 10 days after
transplanting) because of the low growth of rice
under saline condition at these stages, and
maintained at the second top-dressing (at the
middle of panicle initiation) to enhance growth
and subsequent development stages.

== Urea =ll=NH4NO3

Salinity (EC, mS cm-1)

IWAT 2WAT 3WAT 4WAT 5WAT 6WAT 7WAT B8WAT O9WAT 10WAT 11WAT 12WAT 13WAT

Figure 2. Salinity of soil in paddy field experiment

Note: WAT = weeks after transplanting

194



Phan Thi Hong Nhung, Tang Thi Hanh, Pierre Bertin, Pham Van Cuong

Table 2. Analysis of variance with three fixed factors for agronomical
and physiological parameters in the paddy field experiment

Source of

variation df GY NP NG 1000GW ATDM HDDM DRDM ATSP HDSP DRSP

1 ns ns ns ok ns ns ns ns ns ns
L 2 ns ns ns ns ns ns ki ns ns *
C 5 ok ok ok ok - ok ook ok ook ook
F*L 2 ns ns ns ns ns ns ns ns ns ns
F*C 5 rkk rkk wkk ns ns * ns ns ns ns
L*C 10 ns rkk Fkk ns ns ns ns ns ns ns
F*L*C 10 ns * ki * ns ns ns ns * ns

Note: F: N form, L: N level, C: cultivar, GY: grain yield, NP: number of panicles per hill, NG: number of grains per panicle,
1000GW: weight of 1000 grains, AT DM: dry matter weight at active tillering stage, HD DM: dry matter weight at heading stage,
DR DM: dry matter weight at dough ripening stage, AT SP: SPAD value at active tillering stage, HD SP: SPAD value at heading
stage, DR SP: SPAD value at dough ripening stage, df* degrees of freedom, ns not significant, * P<0.05, ** P<0.01, *** P<0.001

Dry weight at active tillering stage Dry weight at dough ripening stage
ABG9-1 Cuom FL478 AB9-1 Cuom FL478

LI E RS | B B
M ot o 5 ool el e

T T T T T T T T T T
NH4NO3 Urea NH4NO3 Urea NH4NO3 Urea NH4NO3 Urea NH4NO3 Urea NH4NO3 Urea
Nitrogen forms

Plant dry weight (

5o

i
Plant dry weight (g.plant)

Dry weight at heading stage
ABO-1 Cuom FL478

304
20
0+ 45kgN
Hom rau IR28 Ngoi 88kgN
30
90kgN

a N Jis e S

T T T
NH4NO3 Urea NH4NO3 Urea NH4NO3 Urea
Nitrogen forms

Plant dry weight (g.plant?)

Figure 3. Dry matter weight of rice plants under different N forms
and N levels in saline condition

Grain yield
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3000
— 2000 1
IE 1000 |
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= 3000
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(5 2000
o
h T T
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NH4NO3 Urea NHANO3 Urea NH4NO3 Urea
Nitrogen forms

Figure 4. Grain yield of rice plants under different N forms and N levels in saline condition
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and urea (U) treatment in paddy field experiment

Table 3. Correlation between measured parameters in ammonium nitrate (AN) treatment

GY 1000GW NP NG %FG ATSP HDSP DRSP ATLAI HDLAI DRLAI ATDM HDDM DRDM NUE

GY AN - 0.73*** 0.23 0.40 -0.07 -0.13 -0.77%** -0.21 0.43 0.77%* 0.81*** 0.32 0.81%** 0.77*%** 0.21
U 0.51* 0.50* 0.49* -0.29 0.07 -0.48* -0.48** 0.66** 0.69** 0.72%** 0.20 0.76*** 0.70** 0.28

1000GW AN - 0.40 -0.03 0.18 0.016 -0.51* 0.04 0.25 0.38 0.38 0.45 0.43 0.43 0.30
U 0.63** 0.29 -0.19 0.23 -0.47* -0.35 0.66** 0.51* 0.42 0.77%+* 0.53* 0.42 0.43

NP AN - 0.04 0.27 0.12 0.14 -0.19 0.25 0.08 0.20 0.27 0.10 0.22 0.07
U 0.13 -0.07 0.31 -0.07 -0.25 0.34 0.44 0.53* 0.29 0.42 0.51* 0.14

NG AN - -0.23 -0.39 -0.51* -0.34 0.08 0.65** 0.54* -0.27 0.54* 0.43 0.11
U 0.11 -0.25 -0.65** -0.09 0.32 0.58* 0.73** 0.18 0.71% 0.70** 0.03

%FG AN - -0.08 0.22 0.45 -0.56* -0.15 -0.07 -0.35 -0.14 0.11 -0.38
U 0.03 0.23 0.02 -0.18 -0.33 -0.13 0.10 -0.27 -0.12 -0.40

ATSP AN - 0.24 -0.23 0.43 -0.08 -0.21 0.61** -0.15 -0.17 -0.08
U 0.40 -0.36 0.04 -0.04 -0.02 0.21 0.07 0.05 -0.29

HDSP AN - 0.03 -0.23 -0.77%** -0.70%* -0.11 -0.82%** -0.70** -0.11
U -0.09 -0.60** -0.70** -0.66** -0.37 -0.65** -0.56* -0.37

DRSP AN - -0.44 -0.22 -0.09 -0.20 -0.11 0.04 -0.45
U -0.50* -0.24 -0.12 -0.45 -0.43 -0.1 -0.07

ATLAI AN - 0.35 0.33 0.082*+* 0.34 0.18 0.35
U 0.74%** 0.54* 0.68** 0.73*** 0.49* 0.40

HDLAI AN - 0.91%x* 0.15 0.96%** 0.84%* 0.11
U 0.89*** 0.30 0.91%** 0.87*** 0.08

DRLAI AN - 0.08 0.96*** 0.93*** 0.03
U 0.15 0.84** 0.97%+* -0.02

ATDM AN - 0.14 0.04 0.36
U 0.41. 0.11 0.35

HDDM AN - 0.90*** 0.06
U 0.80*** 0.13

DRDM AN - 0.03
U -0.11

GY: grain yield, 1000GW: weight of 1000 grains, NP: number of panicles per hill, NG: number of grains per panicle, %FG: rate of filled-grain, ATSP: SPAD value at active tillering

stage, HDSP: SPAD value at heading stage, DRSP: SPAD value at dough ripening stage, ATLAI: leaf area index (LAI) at active tillering stage, HDLAI: LAI at heading stage,

DRLAI: LAI at dough ripening stage, ATDM: dry matter weight at active tillering stage, HDDM: dry matter weight at heading stage, DRDM: dry matter weight at dough ripening

stage, NUE: N use efficiency, df: degrees of freedom, * P < 0.05, ** P < 0.01, *** P < 0.001
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