Effect of Long Term NH, Nutrition on Growth
and Yield of Wheat Plants’

ABSTRACT

The effect of NH, nutrition in the development and growth
of plants (cv. Kleln dorado)} was studied In a pot experiment
unider glasshouse conditions. Planis were grown in 1 kg sand
{three plants per pot) and fertilized with a buffered solution
containing NO,- or NH, as N-sources. Nitrogen concentration
pet pot was maintained at 2.0 mel . m'*, Tillering was retrained
by manual removal, Plant samples were taken from 30 d after
sowing until ripening. Root growth was severely inhibited and
sheot growth was markedly depressed by long term NH_
nutrition. Nevertheless, the specific absorption rate of nitrogen
(SARN) was shinilar it both N treatments until almost two weeks
after anthesis. Ear enlargement was accelerated and spikelet
differentiated at a faster rate in NH,, fed plants. However, at
ripening, the total number of spikelets per ear, florets per
spikelet and grain yield were signifieantly lower in NH_ treatment.
Tetal nitrogen concentration in different plant parts did not
differ between N treatments, although larger amounts of free
NH, and total free amina acids were found in the NH, | treatment
during the whole sampling period. Results are discussed in
relation to texic cffects due to accumulation of endogenous free
ammonium.

Key words: Ammoenism toxlcity, ear development, free amino
aclds, Triticum aestivam L.

INTRODUCTION

ifferent forms of N nutrition distinctly affect
both growth and chemical composition of
plants (4, 15, 24, 25). Nitrale is the most
abundant N sources present in the soil, and the usual N
source for the plants. However, ammonium nutrition
has often been proposed as an optimum N source for
plant growth as it avoids energy wastes due to NO,
reduction {24}, Symptoms of water stress and toxicity
have been reported by many authors when NH, | was
used as the sole N source (1, 4, 5, 7). Several factors
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RESUMEN

Plantas j6venes de trige (cv. Klein dorade) fueron cultivas
das, en condiciones de inverndculo, en macetas con 1 kg dearena
{tres plantas por maceta), las que se fertilizaron periédicamente
por medio de un tampén con una solucién con NO, oNH,, como
fuentes de ritrégeno. Las plantas fueron demacolladas manual.
mente y la concentracién de N por maceta se mantuve en
aproximadamente 2.0 mol . m”. Se realizaron cosechas perifdi-
cas en cada tratamiento desde 30 d despudés de la siembra hasta
la madurez. El tratamiento prolongado con NH, , como dnjca
fuente de N, redujo el crecliniento de 1as raices. Neo obstante, la
tasa especifica de absorcifn de N (SARN) fue similar en ambaos
tratamicntos, hasta casl dossemanasdespués dels antesls. Tanto
el alargamiento del 4pice comola diferenciacién delas espigulilas
se¢ aceleraron en las plantas tratadas con NH‘., 1as cuales, en la
madurez, presentaron un mener niimero de espiguillas por
esplga, flores por espiguilia y mayor porcentaje de flores fértiles
abortadas en comparacidn con el tratamiento con NO,. Lo
concentracién de N en las distintas fracciones no difirld sigaifi-
cativamente entre ambos tratamientos, avnquelas plantas culti-
vadas con NH, acumularen mayeres niveles de NH, | y amino-
4cidos libres durante el perfode de muestreo. Los resultados se
discuten en relacién con los posibles efectos téxicos provocados
por 1a acumulaclin de NH, | libre en los tefidos.

have been thought to be responsible for such symptoms,
but, unlike the nitrate ion, the accumulation of free
NH,, in plant tissues exerts “per se” toxical effects (13).
Nevertheless, many plant species are adapted to NH,,
as the sole N source (24), and some crops like wheat or
rice increased their yield when NH,, was added to a
nutrient solution containing NO, N (9, 28, 29).

Grain production is the main component of crop
yield, and all those factors affecting ear development
also affect grain number and quality. Several authors
have reported increments of grain yield when nitrogen
fertilization was increased (10, 11, 18, 27); however
there is little information on the effects of different N
sources on spike development and grain setting. In this
paper, we studied the effects of NO, and NH,, nutrition
on growth, ear development and grain yield of wheat
plants grown under greenhouse conditions.
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MATERIALS AND METHODS
Plant culture

Wheat caryopses (Iriticum aestivum L. cv. Klein
Dorado) were germinated on wet tissue paper in the
dark. After 72 h, six seedlings were transplanted to
plastic pots containing 1 kg of washed sand and periodi-
cally irrigated with demineralized water. After a week,
plants were reduced 10 three per pot and fertilization
was started. Pots were randomly divided into two
groups and the treatments were initiated by fertilizing
each pot with 50 ml of a basal solution containing 10.0
mol = m? KNO, or 5.0 mol » m? SO, (NH,), as N sources
{Table 1),

Tabie 1. Nutrient compaosition of basal fertilization selution.

Macro nutents molm?  Micro nutrients mmol.m
KCi 4 KCE 50
Cz;.CJ.z 4 H,BO, 25
K, PO, 2 MnS0, .1-120 2
FeEDTA 50% 2 2’11304‘71—110 2
MgS0 , THLE 1 CuS0, 5H.0 0.5

H Mo, 0.5

Final nutrient concentration on each pot was 1/5 of
the fertilizing solution, Plants were fertilized twice a
week during the first 45 days and thrice a week during
the following two weeks. Then, both thee volume and
frequency of fertilization were modified according to
plant requirements. Samples of solution percolates
from randomly selected pots were periodically ana-
Iyzed for N content, and their pH recorded during the
whole experimental period. When necessary, pots were
washed with demineralized water in order to avoid
excessive ion accumulation, The pH was periodically
adjusted t0 6.5+ 1.0by addition of H,50, or KOH to the
treatment solutions.

Tillering was restrained by manual removal so that
only the main shoot was allowed to grow. Three pots
(i.e., nine plants) per treatment were sampled from 30
d after sowing (d.a.s.) until ripening, at the time inter-
vals shown in the figures. After sampling, roots were
carefully washed and rinsed with demineralized water.
Plants were divided into roots, leaves plus stems and
ears (if present), fresh weights recorded and then samples
were freeze dried for further analysis. At ripening,
graing were also analyzed as a distinet fraction. Before
frying, shoot apexes were microdissected and kept in a

mixture of ethanol (96%)-water— formaldehyde- acetic
acid (gl.) (5.0:3.5:1,0:0.5) for further observation. The
whole experiment was conducted in a glasshouse with
daily temperatures of 10 °C - 15 *C at night and 25 *C
- 32 °C during the day.

Plant analysis

Total nitrogen was determined by micro Kjeldahl
analysis.Total free amino acids and free ammonium
analysis: 0.1 g of freeze dried plant material were ex-
tracted with 10 ml of a mixture of ethanol-chloroform-
water (12:5:3) overnight at G "C. After filtration, 1.5 ml
chloroform was added and, after shaking and addition
of 2.25 ml of distilled water, the aqueous fraction was
extracted. Samples were keptat -18 *C until total parti-
tioning and the aqueous fraction was then isolated for
free amino acids and ammonium assays.

Total free amino acids were analyzed through the
ninhydrin method (32). Free ammonium was determi-
ned by distillation of 0.5 mi aliquots plus 0.5 mi buffer
pH 11 (NaOH 1 N:Na,B,0, -« 10H,00.5 M, 1:1). Free
NH,, was collected on 2 ml of 2% boric acid and titrated
with H,SO,.

RESULTS

No differences were observed between plant dry
weight in both N treatment at the first sampling.
However, NO, fed plants grew at a faster rate than the
NH, -treated plants so that, at ripening, they had accu-
mulated a 500% higher total dry weight (Fig. 1).
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A = Anthesis. Venical bars represent SE.

Fig. 1. Roat dry weight (o) and shoot dry welght () of plants
supplied with NH -N (open symbols) or NO,-N (closed
symbois).
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Root dry weight in the NH,, treatment remained
almost constant during the whole sampling period,
while it largely increased with time until two weeks
after anthesis in the NO,_treated plants (Fig. 1). Shoot
growth was also several times faster in the NO, fed
planis than in the NH, treatment,

The ammonium-fed plants showed a faster shoot
apex clongation (Fig. 2} accompanicd by an earlier
spikelet initials differentiation {data not shown). Ne-
vertheless, anthesis occurred at aimost the same date in
both treatmenis.

Length of main shoot apex

Vertical bars represent SE

Fig. 2. Length of the main shoot apex from 30 d.o.s. until spike
emergence in plants treated with NH_-N (open bars) or
No,-N (ciosed bars).

Ear maturation occurred at a faster rate under NH, ,
nutrition, so that NH, -fed plants had compietely ma-
tared 10 d before NO, wtreatment. Al ripening, the
number of spikelets per spike and graing per spikelet
were significantly lower in NH,, fed plants (Table 2).
From the average number of [orets per spikelet re-
corded at ear emergence {Table 3), 66.7%, 57.1% and
50.0% of the basal, central and terminal spikelets re-
spectively had aborted in NH, -treated plants, while the
corresponding values for control treatment were 33.3%,
37.5% and 33.3%. On the other hand, 40% (hasal
spikelets) to 60% (central and terminal spikelets) of the
remaining florets set grain in the NO, fed plants, while

no basal florets and only a 33% of the central and
terminal spikelets did the same under NH, nutrition
{Table 2). Thousand-grain weight was also lower in
this treatment with respect to that with NO, (Table 4).

Total N content per plant was slighty higher in the
NO, treatment than in the NH,,-fed plants during the
first 20 d of sampling (Fig. 3). However the NO, fed
plants accumulated nitrogen at a faster rate afier this
period. As this increment can be related o cither a
higher plant growth or 1o a higher N absorption per unit
root weight, the specific absorption rate of N (SARN)
was estimaled in both N treatments (8). SARN did not
differ between NO, and NH,,-fed plants until anthesis,
although root growth was almost totatly inhibited in the
tatter, The values obtained between 30 and 86 d.as. (5
d after anthesis) were 1.64 and 1.69 mg N root DW.d-
! respectively. Al 94 das., root growth of NO, fed
plants began o decline until maturity; however, their
SARN almost doubled that of NH,, weatment during
the same period (2.31 vs. 1.19 mg Noroot DW! . d 1),
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Efi = Ear cemergence {a = NH, treatment; n=NOQ, treatment}.
A = Anthesis Vertical bars represent SE.

Fig. 3. Total nitregen content In plants supplied with NH -N (0}
or NO-N ().

Nitrogen percentage (N%) in shoot and spikes was
almost the same under both NH,, or NO, nutrition, and
onty the roots of NH, — treated plants showed a signifi-
cantly higher N concentration than the NO, tcatment
during the sampling pericd (Fig. 4).
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Table 2. Number of spikelets, florets and grain yleld in the mature ear of wheat plants supplied with NO_-N (data rounded to the nearest digit).

Flarets « Spikelet®

Rasal spikelets (2 and 3)*  Central spikelets (8,9, 10and 11)  Penultimate and terminal spikelets

5 6 3
NO,
SE0 32 SE:0.10 SE:0.15
2 3 3
NHM
SE:0.08 SE:0.20 SE:0 36
Florets which set grain
Basal Central Penultimate
spikelets (2 and 3)*  spikeles (8,9, 10and 11} and tenminal spikelets Spikelets spike Grains spike
2 4 3 13 54
N,
SE:0.1 SEQ.04 SEO.10 SE:0 15 SE:0.88
g 1 i i6 8
Nil,,
SE:0.00 SE:0.05 SE:G.09 SE0.15 SE:0.70
SE: Standard error.
*): Numbers between brackeets stand for these spikeleis, in ascending order, which were sampled.

Table3. Number of {lorets per spikelet in the ears of wheat plants supplied with NO,-N or NH,-N and sampled al ear emergence (datn rounded to the

nearest digit).
Basal Central Penultimate
spikelots spikelets and 1ermingl
{2 and 3)* (8,9,10and 11) spikelets
8 9 8
NO,
SE:013 SE:0.08 SED13
6 7 6
NH,,
SE:0.13 SE:0.11 SE:0.27
SE: Standard estor
(*x Numbers betwen brackels stand for those spikelets, in ascending order, which were sampled.
At the first sampling, roots of the NH, -treated ripening, free ammonium in shoots had diminished, but

plants showed 100% more free ammonium per g DW

, _ was very high in the mature cars of NH,, -fed plants in
than roots of the NO,_fed plants (Fig. 5). On the other rast to the levels found in the NO., treatment (Table
hand, while ammonium concentration in shoots re- con ¢ levels loundn >

mained constant in the NO, treatment, it largely in- 4). In both treatments, the concentration of free NH,, in
creased in the NH, ,-fed plants, reaching a peak of 60 the grain fraction accounted for Iess than 0.5% of that
pmel = g DWW at seven days before ripening. At present in the whole spike.
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Table 4. Dry welght, NH_ concentration and total free amino aclds concentration in the mature ear and graln fractions of wheat plants

supplied with NO,-N or NH N,

Whele car
Dry weight {g) pmof NH, . g BW! Mol aa g DWW
376 2.02 31.58
NO,
SE:005 SE:0.78 SE:1.85
0.88 82.54 96.37
NI{-“
SG:012 SE:2.04 SE:2.17
Grains
Dry weight of pmot NH4L: pentol an N %
1 000 grains (g) g DW g Dw grain
NQG3- 3030 0.00 0.00 324
Ser 0.00 SE: 000 SE: 004
NH4+ 20.84 0.70 887 i1
SE:0.70 SE: 288 SE: 0.08
SE: standard error
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EE = Ear emergence {a= NH, , treatment; n= NO, treatment),
A = Anthesis. Vertical bars represent SE.

Fig. 4. Nitrogen percentin reot (o), shoot () and ear () of plants
supplied with NH -N (epen symbols) or NO,-N (closed
symboals).

The concentration of free amino acids in roots was
initially 60% higher in NH, _treated plants, and in both
N treatments it decreased with time (Fig. 6). The
concentration of free amino acids in shoots was initially
lower than that presenl in the roots, and only slight
differences were found between N treatments until ear
emergence. In the spike, it increased during the first

EE = Ear emergence {a= NH,  treatment; n= NO,_treatment)
A = Anthesis. Ventical bars represent SE.

Fig. 5. Tree ammoniovm concentration in root (0}, shoot () and
ear { } of plants supplfed with NH_-N (open symbols) or
NG,-N (closed symbaols).

week after ear emergence, especially in those plants fed
with NO,-N. However, while in this case it rapidly
decreased afier that time, it remained constant in NH,,
treatment. From the conient of total free amine acids
present in mature ears, only 6% (NH,, treatment) and
0% (NO,_treatment) were in the grain fraction (Table
4).
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Fig. 6. ‘Total free amine acids concentration in reot (o), shoeot
{ } and ear ()} of plants supplied with NH_-N (open
symbols) or NO,-N (closed symbaols).

DISCUSSION

The causcs of the toxic effects of the ammonium
ion on higher plants have been widely reviewed (13,
24}, but not aspects are completely clear. Impaired
plant growth, high shoot: root ratios and premature se-
nescence have been reported for young wheat plants (9,
12) and other species (1,6, 31) when NH,, was supplied
at increasing external concentrations or during a pro-
longed period. Mchrer and Mohr (22) have recently
described these symptoms as the “ammaonium toxicity
syndrome”.

While in several cases the observed effects could
be explained as a consequence of different metabolic
changes due to NH,, uptake and assimilation, it is
known that the endogenous accumulation of free
ammoenium is “per se” deletericus to plant growth (5,
13,17, 30).

In the present experiment, plant growth was se-
verely inhibited by ammonium nutrition in both shoots
and roots, (Fig. 1) and later the ear (Tables 2 and 3).
However, the organ most severely affected was the
root, since it slighly grew only slightly during the
whole sampling period under NH,, nutrition (Fig. 1},
with a consequent increase in the shoot:roct ratio. This
impairment of root growth may be a consequence of the
high free ammonium concentration (Fig, 5). However,
the absorption capacity of the root did not seem to have

been affected, as the SARN from 30 d.a.s. until almost
two weeks after anthesis were similar in both N treat-
merns.

An estimation of the N translocation during 30 d to
86 d after sowing showed that the ammonium-fed
plants had transporied almost 100% more mg N per day
and per mg of root DW than the NO, {ed plants (data not
shown). This would indicate that shoot growth under
NH,, nutrition was not initially impaired because of a
deficient N translocation. The high levels of free NH,,
present in both root and shoot tissues of plants supplied
with NH,, -N suggest that toxic effects due to an
excessive accumulation of free NH,, rather than N
deficiency, were responsible for the observed symp-
toms.

Most of the NH,, absorbed by the roots is assimi-
lated within the roots via thee glutamine synthetase-
glutamate synthase pathway, so that glutamine and
other amino acids are the N derivatives transported to
the shoot (2, 3, 19). As the root plays a key role in the
process of NH,, detoxification, the high levels of NH, |
found under our experimental conditions suggest that
the capacity for ammonium assimilation of the root
systerm hasbeen largely overcame (Fig. 5). The fact that
NH,, assimilation was occurring is suggested by the
high concentration of free amino acids present both in
root and shoot tissues (Fig. 6), although NH,, accumu-
lation could also have affected protein synthesis (17).

Reduced shoot growth, accelerated apex develop-
ment and leaf senescence are symptoms observed under
water stress or nitrogen stress (8,21,23,27), so that they
are not specific responses to NH,,, but general re-
sponses of plants to stress. However, root growlh was
severely diminished under NH,, nutrition rather than
stimulated, as it is often observed under water or N
stress (14, 16).

On the other hand, while N% in the grain fraction
did not differ between treatments (Table 4), both grain
setting and grain filling were markedly diminished in
those plants with high endogenous concentrations of
free NH,, (Tables 2 and 4).

Apex development and ear emergence were ini-
tially accelerated by ammonium feeding (Fig. 2). Similar
results have been previously reported for wheat plants
(209, though the physiological underlying mechanism
is still unknown.
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It can be concluded that, under NH,_ nutrition,
while the plant becomes older and the shootroot Tatio
changes as a consequence of a highly impaired root
growth, the NH,, detoxilication capacity of the plant
decreases, thus increasing the ion concentration in the
leaves and ears to toxic levels,
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Fechas Importantes para el afio 1984

30 de abril: Limite para |a recepeidn de sdlicitudes
7 de junio: Limite para la recepcidn de notas universitarias y documentos personales
3ra semana de junio: Examen de admision {simultaneo en todos los paises)
31 de agostao: Comunicacién de resultados del proceso de admision
10 de noviembre: Comunicacidn de asignacidn de becas administradas por el CATIE
30 de noviembre: Limite de aceptacién de beca por parte de los estudiantes
9 de enerc de 1985 Inicio de los cursos

Para mayor informacion, dirijase a:

CATIE

Programa de Ensefianza para el Desarrollo y la Conservacion
Turrialba, Costa Rica - Apartado 7170

Teléfonos: (506) 556-1016, 556-6431 [ Fax: (506) 556-1533






