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Abstract 
The increase in N concentration in the root zone of plants under saline conditions can inhibit the absorption of 
chloride and reduce the osmotic, toxic and nutritional effects caused by this ion. Thus, this study aimed to 
evaluate biomass and rootstock quality of guava. cv. Paluma irrigated with saline water under four N rates. The 
experiment was carried out in a greenhouse at the Center of Science and Agri-food Technology of the Federal 
University of Campina Grande (UFCG) at Pombal-PB, Brazil. The experimental design was randomized block 
with a 5 × 4 factorial arrangement. The treatments were levels of electrical conductivity of water - ECw (0.3. 1.1. 
1.9. 2.7 and 3.5 dS m-1), with 70, 100, 130 and 160% of the N rate recommended for guava seedlings (541, 773, 
1004.9 and 1236.8 mg N dm-3 of soil) and four replicates totaling 80 plots, each one with five plants. Salt stress 
caused by electrical conductivity of irrigation water of 1.4 dS m-1 onwards affected negatively the formation of 
phytomass of guava cv. Paluma rootstock, and this effect was mitigated on root dry matter and Dickson quality 
index by the increase in nitrogen rate up to 819.38 mg of N dm-3 of soil. 
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1. Introduction 
The common guava (Psidium guajava L.) is a species over all the subtropical and tropical regions worldwide, 
due to its easy adaptation to different edaphoclimatic conditions. In the Brazilian Northeast region, it is among 
the fruit crops of high economic value cultivated under irrigation (Gurgel et al., 2007), since its fruit has great 
acceptance in domestic and foreign markets, because of its pleasant taste, strong aroma and protein-mineral 
quality (Cavalcante et al., 2005).  

In the semiarid region of the Northeast, a large portion of the water used for irrigation comes from small and 
medium-sized reservoirs (superficial water) and wells (ground water), which have high salt content with an ECw 
between 1.97 and 2.98 dS m-1 (Medeiros et al., 2003). The use of this water for irrigating crops, including guava, 
may compromise formation of seedlings and productive capacity (Cavalcante et al., 2007).  

The excess of salts in the irrigation water may increase soil pH, electrical conductivity in the saturation extract of 
soil and compromise Na/Ca, Na/Mg and Na/Ca+Mg ratios in plants, causing nutritional imbalance, toxic and 
osmotic effects (Pereira et al., 2006). According to Nobre et al. (2010), Na+ and Cl- are the most frequently 
accumulated ions in salinized soils and the main ones to harm plant metabolism. Additionally, under saline 
conditions high Cl- concentration may interfere with the absorption of NO3

- through ionic competition, causing N 
deficiency (White & Broadley, 2001). In studies using saline water in irrigation, salinity negatively affected the 
production of guava seedlings of cultivars ‘Paluma’, ‘Ogawa’, ‘Rica’, ‘Pentecoste’, ‘Surubim’ and ‘IPA-B38’, 
reducing growth and phytomass accumulation in plant parts (Ferreira et al., 2001; Cavalcante et al., 2005; Gurgel 
et al., 2007; Cavalcante et al., 2010).  

For the expansion of guava plantations in regions with low quality irrigation water, such as saline water, besides 
evaluating genotypes tolerant to salinity (Cavalcante et al., 2005; Gurgel et al., 2007), technologies for reducing 
effects of salts on plants during seedling formation should be evaluated. In this regard, Del Amor et al. (2000) 
report evidence of competition in absorption of nitrogen (nitrate) and chloride, so that an increase in N 
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concentration in the root zone under saline conditions can inhibit absorption of chloride and minimize osmotic 
toxic effects caused by chloride. 

Therefore, N fertilization is an alternative because it enhances plant growth and reduces the effect of salinity on 
plants (Flores et al., 2001). The explanation may be related to the structural function of N, because it participates 
in organic compounds for plants, such as amino acids, proteins, proline, which increases the capacity of plants 
for osmotic adjustment, increasing the resistance to the water stress caused by salinity (Parida & Das, 2005). 

Guava is highly demanding in N, and this nutrient is the second most required during the initial growth stage. 
Nitrogen accumulations were 552 and 585 mg plant-1 120 days after transplantation in cultivars ‘Paluma’ and 
‘Século XXI’, respectively (Franco et al., 2007). This result was confirmed by Dias et al. (2012) who observed 
positive effects of 773 mg N dm-3 of substrate on growth, phytomass production and quality of guava seedlings 
cv. ‘Paluma’ 120 days after transplantation. 

There are studies about the importance of N fertilization on the initial growth of guava crop, but only a few of 
them evaluated the interaction between salinity and N fertilization, especially with the cv. ‘Paluma’, one of the 
most used cultivars in the Brazilian northeast region. Thus, this study aimed to evaluate the effect of saline water 
on phytomass accumulation and rootstock quality of guava cv. ‘Paluma’, under different nitrogen rates. 

2. Materials and Methods 
2.1 Experiment Localization and Treatments 
The experiment was carried out in a greenhouse from March to October 2014, at the Center of Sciences and 
Agri-food Technology (CCTA) of the Federal University of Campina Grande (UFCG), in Pombal-PB, Brazil 
(6º47′20″ S; 37º48′01″ W; 184 m). 
A randomized block design was used with a 5 × 4 factorial arrangement of treatments: 1) salinity of irrigation 
water, with five levels of electrical conductivity (ECw): 0.3, 1.1, 1.9, 2.7 and 3.5 dS m-1; 2) four N rates: 70, 100, 
130 and 160% of the N rates recommended for production of guava seedlings (541, 773, 1004.9 and 1236.8 mg 
N dm-3), in four blocks (80 plots total), each one with five plants. 
Saline waters were prepared using supply water, from the Piancó River, Pombal-PB. with ECw of 0.3 dS m-1, 
mixed with requisite amounts of salts of NaCl, CaCl2·2H2O and MgCl2.6H2O in equivalent proportion of 7:2:1, 
which is the predominant ratio in the main water sources available for irrigation in the Brazilian northeast region. 
The calculations were based on the following relation between ECw and salt concentration: mmolc L

-1 = EC × 10 
(Rhoades et al., 1992). Nitrogen rates were determined based on the mean rate of 773 mg dm-3, recommended by 
Dias et al. (2012) for seedling production of guava. cv. ‘Paluma’ propagated by herbaceous cutting method, 
which corresponded to a 100% N rate.  
2.2 Plant Material and Management of the Experiment 

The guava cultivar ‘Paluma’ was sown on March 18, 2014, at a depth of 1.0 cm, using two seeds per polytube 
(capacity = 288 cm3), supported on metal benches, at a height of 0.8 m from the ground.  
The polytubes were filled with a substrate composed of Fulvic Neosol + sand + weathered cattle manure, in 82%, 
15% and 3% (volume basis) proportion, respectively. The substrate was analyzed for physical and chemical 
characteristics (Table 1) in the laboratory, according to the methodologies of Claessen (1997). 
For phosphate fertilization, the rate of 100 mg of P dm-3 was applied in the form of single superphosphate, which 
was ground and mixed with the substrate at planting (Corrêa et al., 2003). For potassium fertilization (potassium 
chloride), the rate of 726 mg of K dm-3 of substrate, recommended by Franco et al. (2007), was divided into four 
equal applications at 60, 90, 120 and 150 days after emergence (DAE), via fertigation with water of EC of 0.3 dS 
m-1 for all treatments. 

Thinning was performed when plants showed two pairs of fully expanded true leaves (15 DAE), leaving only the 
most vigorous seedling per tube. 

Saline water application started at 25 DAE. Irrigations were applied according to the treatments, based on plant 
water demand, corresponding to the difference between the applied volume and the volume drained in the 
previous irrigation. A leaching fraction of 0.15 was applied in intervals of fifteen days, based on the volume 
applied during this period. 
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Table 1. Physical and chemical characteristics of the substrate used in the experiment 

Textural Class Apparent (Bulk) density Total porosity Organic matter P 
Exchangeable cation 

Ca2+ Mg2+ Na+ K+ 

 ----------- g cm-3 ---------- -------- % ------- ----- g kg-1 ----- -- mg dm-3 -- ------------ cmolc dm-3 -----------

Sandy loam 1.38 47.00 32 17 5.4 4.1 2.21 0.28

Saturation Extract 

pHPS ECse Ca2+ Mg2+ K+ Na+ Cl- SO4
2- CO3

2- HCO3
- Saturation 

 -- dS m-1 -- --------------------------------------------- mmolc dm-3 ---------------------------------------------- --------- % ----------

7.41 1.20 2.50 3.75 4.74 3.02 7.50 3.10 0 5.63 27.00 

Note. Ca2+ and Mg2+ extracted with KCl 1 M at pH 7.0; Na+ and K+ extracted with NH4OAc 1 M at pH 7.0; 
Organic matter: determined by wet digestion Walkley-Black method; pHPS: pH of saturated paste of the substrate; 
ECse: Electrical conductivity of the saturation extract of the substrate at 25 °C. 

 

Fertilization began at 25 DAE and was divided into 14 equal applications, performed every 10 days, using urea 
(45% of N) as the N source, and application was similar to that used for K fertilization.  

2.3 Variables Measured 

Fresh and dry phytomass accumulation and rootstock quality of guava were evaluated at 190 DAE. Variables 
were: stem fresh matter (StFM), leaf fresh matter (LFM), shoot fresh matter (ShFM), as well as stem dry matter 
(StDM), leaf dry matter (LDM), shoot dry matter (ShDM), root dry matter (RDM) and total dry matter (TDM). 

The stalk of each plant was cut close to the soil, separated into stem and leaves and immediately weighed on a 
precision scale (0.001 g), for evaluating StFM and LFM; the sum of these two variables accounted for the ShFM. 
For DM evaluation, roots were removed from the substrate with a 3-mm-mesh sieve, and leaves, stems and roots 
were separately placed in identified paper bags and dried in a forced-air oven at 65 ºC until constant mass, for 
determination of LDM, StDM and RDM; ShDM was determined as the sum of StDM and LDM, and TDM as 
the sum of ShDM and RDM.  

Rootstock quality was determined through the Dickson quality index, according to Equation 1 (Dickson et al. 
1960).  

DQI = [TDM/(PH/SD) + (ShDM/RDM)]                       (1) 

Where, DQI = Dickson quality index; TDM = total dry matter of the plant (g); PH = plant height (cm); SD = 
stem diameter (mm); ShDM = shoot dry matter (g) and RDM = root dry matter (g). 

2.4 Statistical Analysis 

The data were evaluated through analysis of variance by F test (p ≤ 0.05). If significant, linear and quadratic 
polynomial regressions were performed using SISVAR/UFLA. The selection of the regression was based on the 
best fit, considering R2 and a plausible biological explanation. 

3. Results and Discussion 
Irrigation water salinity and N rates had a significant effect (p ≤ 0.05) on StFM, StDM, LFM, LDM, ShFM, 
ShDM and TDM (Table 2). In addition, according to the ANOVA, there was significant interactive effect (p ≤ 
0.05) between the factors irrigation water salinity and N fertilization on RDM and IQD. 

There was quadratic response of StFM and StDM with the increase in salinity of the irrigation water at 190 DAE 
and the highest values (2.98 and 1.25 g), were obtained at the ECw levels of 1.4 dS m-1 and 1.3 dS m-1, 
respectively (Figure 1A). This behavior may be related to the adaptation of the rootstock to the saline stress 
because, according to Flowers (2004), plants adapt or acquire tolerance to salinity when they are able to adjust 
the osmotic potential of the cells with that in the soil, or even maintaining high contents of K, Ca and NO3 and 
low contents of Na and Cl inside the tissues, especially in the leaves (Dias & Blanco, 2010). Cavalcante et al. 
(2005) and Cavalcante et al. (2007) also observed adaptation of guava seedlings, cv. ‘Surubim’, to irrigation 
water salinity at 180 DAE, with greater accumulation of StDM in plants irrigated with water of 1.5 dS m-1. 

 

 

 



jas.ccsenet.

Table 2. S
matter (LF
(RDM), to
with saline

SV 

Salinity (

Nitrogen

Interactio

Blocks 

Residue 

CV (%) 

Note. ns, n
degree; CV

 

StFM and 
regression
recommen
absorbed l
reflecting 
rootstock. 

 

Figure 1.

Note. ** an

 

Regarding
water and 
Under the
through tr
number of
phytomass
‘Surubim’ 
matter at th

 

org 

ummary of th
FM), leaf dry 
otal dry matter
e water under d

(S) 

n rates (NR) 

on (S*NR) 

non-significan
V = coefficient

StDM were n
n equation (Fig
nded N rate. I
larger amount
in the reductio

. Stem fresh m
water salin

nd * = signific

g LFM and LD
their respectiv

ese conditions,
ranspiration cr
f palisade and
s. Cavalcante 
guava to irrig

he ECw level 

e analysis of v
matter (LDM

r (TDM) and D
different nitrog

FD 
StFM 

4 2.23* 

3 9.12* 

12 0.24ns

3 0.38ns

57 0.22 

 17.65 

t; *, ** signifi
t of variation. 

negatively affe
gure 1B) with
t is believed t
t of N in the 
on of StFM and

matter (StFM) a
nity (A) and th

cant at 0.01 an

DM (Figure 2A
ve maximum v
, plants may h
reating mechan
d spongy cell
et al. (2005) 

gation water sa
of 1.5 dS m-1. 

Journal of A

variance for st
M), shoot fresh 
Dickson quality
gen fertilizatio

StDM LFM

0.44* 7.33

2.02* 30.5
s 0.05ns 0.88
s 0.06ns 0.5

0.04 1.19

18.07 25.2

ficant at p ≤ 0.
 

ected by the in
 reductions of
that, with the 
ammoniacal f

d StDM accum

and stem dry m
he percentage o

d 0.05 probabi

A), there was a
values of 4.94 a
have acquired 
nisms such as
ls in the leaf 
and Cavalcan

alinity in the pe

Agricultural Sci

165 

tem fresh matt
matter (ShFM

y index (IQD)
on rates at 190 

M

M LDM

3* 0.79* 2

50* 3.17* 6

8ns 0.10ns

1ns 0.05ns 2

9 0.10 

21 23.31

05 and p ≤ 0.

ncrease in N ra
f 11.01 and 11
increment in 

form promotin
mulation, as ob

     

matter (StDM) 
of recommend

ility levels (p ≤

a quadratic res
and 1.53 g wer
 adaptation to
s accumulation

mesophyll (P
nte et al. (2007
eriod of 180 D

ience

ter (StFM), ste
M), shoot dry 
 of rootstocks 
DAE 

Mean Square 

ShFM ShDM

20.89* 2.34*

66.97* 10.20

1.70ns 0.26ns

2.05ns 0.09ns

1.77 0.23

19.22 19.49

01; SV = Sou

ates at 190 DA
1.82%, respec
N fertilizatio

ng a toxic eff
bserved by Sou

of guava roots
ded nitrogen ra

≤ 0.01 and p ≤

sponse to the i
re obtained at 
o salinity in o
n of wax on 
Parida & Das
7) also studied

DAE and obser

em dry matter 
matter (ShDM
of guava. cv. 

M RDM T

0.13* 3

* 0.18** 1
s 0.040* 0
s 0.039ns 0

0.02 0

20.61 17

rces of variati

AE, and the da
tively, for eac
n rates, the se

fect of ammon
uza et al. (2016

stocks as a fun
ate (B) at 190 D

≤ 0.05). 

increment in sa
ECw levels of
rder to avoid 
leaf surface a
, 2005), thus 
d the adaptati
rved the highe

Vol. 9, No. 11;

(StDM), leaf 
M), root dry m

‘Paluma’, irrig

TDM DQI 

.49* 0.017*

3.01* 0.032*

.46ns 0.004*

.16ns 0.0009n

.29 0.0014

7.17 17.58

ion; FD = Free

ata fitted to a l
ch 30% increa
eedlings may 
nium on the p
6) in Crioula g

nction of irrigat
DAE 

alinity of irrig
f 1.6 and 1.4 dS

greater water
and increase in

incrementing
ion of seedling
est value of lea

2017 

fresh 
matter 
gated 

ns 

edom 

inear 
ase in 

have 
plant, 
guava 

 

tion 

ation 
S m-1. 
r loss 
n the 
 leaf 
gs of 

af dry 



jas.ccsenet.

Figure 2. L

Note. ** =

 

LFM and L
N fertiliza
respectivel
mg of N d
be explain

The data o
2.77 g, cor
1.4 dS m-

values of s

 

Figure 3. 

Note. ** =

 

Data on Sh
equations 
In this con
the effect 
substrate d
effect of t
(Souza et a

org 

Leaf fresh mat
salinity

= significant at 

LDM reached 
ation there we
ly, for each 30

dm-3 promoted 
ned by the same

of ShFM and S
rresponding to
1. It is inferre
shoot phytoma

Shoot fresh m
water salin

= significant at 

hFM and ShD
and there were

ntext, it is emp
of salinity on 
due to the incr
the ammonium
al., 2016; Silva

tter (LFM) and
y (A) and the p

0.01 probabili

the highest va
ere linear redu
0% increment i
decreases on L
e causes that a

ShDM best fitt
o the respective
d that at 190 

ass until the sal

matter (ShFM) a
nity (A) and th

0.01 probabili

DM in plants fe
e reductions of
phasized that in
the shoot, but
reasing rates o

m ion (NH4
+), 

a et al., 2017).

Journal of A

d leaf dry matte
percentage of r

ity levels (p ≤ 

alues at the N 
uctions (Figur
in N. Souza et
LFM and LDM
affected StFM 

ted to a quadra
e phytomass v
DAE ‘Paluma
linity level of 

and shoot dry m
he percentage o

ity levels (p ≤ 

ertilized with i
f 11.30 and 12
ncreasing nitro
t contributes to
of urea that ha

excessively a
 

Agricultural Sci

166 

     

er (LDM) of g
recommended 

0.01). 

rate of 70% (5
re 2B) in thes
t al. (2016) als
M in guava see
and StDM wh

atic equation (
values, were ob
a’ guava plant
1.5 dS m-1. 

     

matter (ShDM
of recommend

0.01). 

increasing N ra
2.03% in ShFM
ogen rates from
o the increase 
as relatively h
absorbed by th

ience

guava seedlings
nitrogen rate (

541.1 mg of N
se variables eq
o observed tha

edlings of the C
hen subjected to

(Figure 3A) an
btained in plan
ts are tolerant 

M) of guava see
ded nitrogen ra

ates (Figure 3B
M and ShDM fo
m 70% N (541
of saline stres

high saline ind
he plants with

s as a function
(B) at 190 DA

N dm-3) and wi
quivalent to 1
at increasing N
Crioula genoty
o the increase 

nd the highest 
nts irrigated wi
to salinity, th

edlings as a fun
ate (B) at 190 D

B) best fitted t
for each 30% in
1.1 mg N dm-3

ss, justified by
ex (index of 7

h increased ni

Vol. 9, No. 11;

n of irrigation w
E 

ith the increme
11.89 and 12.
N rates above 5
ype. This resul
in N rates. 

values of 7.96
ith ECw of 1.5

hus reaching h

nction of irriga
DAE 

to linear regre
ncrement in N

3) does not mit
y salinization o
75%) and the 
itrogen fertiliz

2017 

 

water 

ent in 
19%, 
541.1 
lt can 

6 and 
5 and 
igher 

 

ation 

ssion 
rate. 

tigate 
of the 
toxic 
ation 



jas.ccsenet.

TDM data
maximum 
adaptation
and shoots
al. (2007),
the increm
between 5
salinity wi
who claim
phenologic

 

Figure

Note. ** =

 

According
lower N r
causing a d
guava root
TDM, due

According
salinity did
dm-3), obta
other rates
of N dm-3)
1.6 and 1.
linearly re
mitigated i
accumulat
supply of 
absorption
effects, tox
salinity, ca
root, result

The follow
significant
m-1, showi
the highes
close to th
(Franco et
regression

org 

a best fitted to 
value of 3.54 

n of plants to s
s (Figures 1A, 
, Cavalcante et

ment in salinity
50 and 80 DA
ith respect to T

m that plant ad
cal stage. 

e 4. Total dry m

= significant at 

g to Figure 4B,
rate of 70% (5
decrease of 13
tstock irrigated

e to an increase

g to the follow
d not cause si
aining average
s. Data best fitt
), and the high
3 dS m-1, resp

educed RDM i
in the plants th
tion of RDM u

nitrogen und
n of NO3

- in r
xic and nutriti
an increase the
ting in higher 

w-up analysis f
t difference in 
ing averages o
st RDM values
he value of 552
t al., 2007). In

n equation and 

a quadratic re
g obtained in

salinity in the p
2A and 3A). T

t al. (2010) and
y of irrigation 

AE. In this cas
TDM is highe

daptation to sa

matter (TDM) 
percentage

0.01 probabili

, the highest ac
541.1 mg of N

3.66% for each
d with saline w
e in saline stres

w-up analysis 
gnificant diffe
e weight of 0
ted to a quadra
hest values, co
pectively (Figu
in ‘Paluma’ gu
hat received N
up to electrical
er saline cond
relation to Cl-

ional caused b
e synthesis of p
RDM. 

for N rates at 
RDM accumu

of 0.76 and 0.5
s (0.86 and 0.9
2 mg of N/pla
n plants irriga
RDM reached

Journal of A

egression equa
n plants irrigate
period of 190 
These results d
d Souza et al. 
water in guav

se, it is sugges
er in the period
alinity may va

of guava seedl
e of recommen

ity levels (p ≤ 

ccumulation o
N dm-3), and 

h 30% increase
waters, that N 
ss because of i

for the salinit
erence in RDM
.76 g/plant; ho
atic regression
orresponding t
ure 5A). Diffe
uava seedling

N fertilization a
l conductivity 
ditions can re
-, reestablishin
by saline stres
photoassimilat

each level of i
ulation with the
55 g/plant. The
93 g/plant) in 
ant accumulate
ated with wate
d its highest v

Agricultural Sci

167 

ation as irrigat
ed with water 
DAE, as obse

differ from tho
(2016), who o
a seedlings fro
sted that the t
d of 190 DAE

ary among gen

     

lings as a func
nded nitrogen r

0.01). 

of TDM in gua
the increase i

e in N rate. Sim
rates 541.1 m

increase in the

ty levels at ea
M of plants fer
owever, there 

n equation for t
o 0.86 and 0.7

erently, Cavalc
s. However, it

at the rate of 10
of 1.6 dS m-1

educe the Cl/N
ng the nutritio
ss. In addition
tes in the plant

irrigation wate
e increment in
e N rate of 70%
plants under s

ed in ‘Paluma’
er salinity of 2
value (0.87 g/p

ience

tion water sali
of 1.3 dS m-1.

erved for fresh
ose reported by
observed reduc
om the cultiva
tolerance or ad
E, as reported b
notypes of the 

ction of irrigati
rate (B) at 190 

ava rootstock. c
in N fertilizat
milarly, Souza 

mg of N dm-3 o
e rate of urea (7

ach N rate (Fi
rtilized with th
was significa

the N rates of 
76 g/plant, we
cante et al. (20
t is observed 
00% N (773 m
1. Blanco et al
N ratio in the 
onal balance, 
n, high values 
ts, and it can b

er salinity (Fig
n N rates in pla
% (541.1 mg o
salinity levels 
’ guava seedlin
2.7 dS m-1, th
plant) at the N

inity increased
. The explanat
h and dry matt
y Ferreira et al
ctions in TDM 
ars ‘Rica’, ‘Og
daptation of g
by Tester and 
same species 

ion water salin
DAE 

cv. ‘Paluma’, w
tion linearly in
et al. (2016) o

onwards reduce
75% salinity in

igure 5A), the
he N rate of 70
ant influence o
100 (773) and
re obtained at 
010) observed 
(Figure 5A) t

mg of N dm-3), 
. (2008) affirm
plant as a re

which can mi
of NO3

- in re
e accumulated

gure 5B) show
ants under ECw
of N dm-3) (Fig
of 1.1 and 1.9
ngs under hyd
he data best fi
N rate of 106%

Vol. 9, No. 11;

d (Figure 4A), 
tion is based o
ter of leaves, s
l. (2001), Gurg
accumulation

gawa’ and ‘Pal
guava rootstoc

Davenport (2
and with the 

nity (A) and the

was obtained a
nhibited the T
observed in Cr
ed accumulatio
ndex). 

e increase in w
0% (541.1mg 
on RDM unde
d 130% (1004.
t the ECw leve

that water sal
that this effect
providing a gr

m that the adeq
esult of the h
itigate the osm

elation to Cl- u
d as a reserve i

ws that there wa
w of 0.3 and 3
gure 5B) prom

9 dS m-1, beco
droponic cultiv
itted to a quad
% (819.38 mg 

2017 

with 
n the 

stems 
gel et 
with 
uma’ 
ks to 
003), 
crop 

 

e 

at the 
TDM, 
rioula 
on of 

water 
of N 

er the 
9 mg 
els of 
linity 
t was 
reater 
quate 
igher 
motic 
under 
n the 

as no 
.5 dS 

moted 
ming 
ation 

dratic 
of N 



jas.ccsenet.

dm-3). In g
mitigated t
of salinity 
2007). 

 

Figure 5. 
rate (A) 

Note. ns,**

 

According
equations, 
salinity for
levels of 1
N rate, bec
favoring c
production
and saline 

As to the 
significant
observed t
irrigated w
of 8.43, 11
m-1, DQI d
of 105% (
DQI value
Additional
effect of sa

 

org 

general, it is v
the effect of sa
 sensitive crop

Follow-up ana
and the factor

* and * = non-

g to the follow
the DQI of g

r the N rates o
.6, 1.7 and 1.2
cause they rem

crop growth, a
n of organic so
stress (Silva e

follow-up ana
t effect on plan
that the N rate 
with salinity lev
1.10, and 12.67
data best fitted
811.65 mg of 
es in ‘Paluma’ 
lly, under salin
aline stress on 

verified that in
aline stress on
ps, which may

alysis of the fa
r percentage of

(R

-significant, sig

w-up analysis 
guava rootstoc

of 70, 100 and 
2 dS m-1, respe
mained above 
adequate N rat
olutes, which in
et al., 2008).  

alysis of N rate
nts irrigated w
of 70% (541.1

vels of 1.1, 1.9
7% for each 3

d to a quadratic
N dm-3). Thes
guava seedlin

nity condition
rootstock qua

Journal of A

n the plants irr
n RDM, thus, m
y promote an i

actor irrigation
f recommende
RDM) of guav

gnificant at 0.0

of salinity le
cks showed a
130%, with th

ectively. These 
the minimum 

tes can reduce
ncreases the c

es at each wat
with the ECw 
1 mg of N dm-

9 and 3.5 dS m
0% increment
c regression eq
se data are con
ngs at the N ra
ns (Figure 6B)
ality.  

Agricultural Sci

168 

rigated with E
making it essen
increase in pla

    

n water salinity
d nitrogen rate

va seedlings at 

01 and 0.05 pr

evels at each 
a quadratic res
he highest valu
 DQI values sh
standard valu

e the effect of 
apacity for osm

ter salinity lev
of 0.3 dS m-1,
-3) favored hig

m-1, and the inc
t in N rate. Ho
quation, with t

nsistent with th
ate of 800 mg 
, N fertilizatio

ience

ECw of 1.1, 1.
ntial to determ
ant tolerance to

y at each perce
e at each salini
190 DAE 

robability level

N rate (Figur
sponse with th
ues of 0.28. 0.
how that the se

ue of 0.20 esta
f salinity on pl
motic adjustm

vel (Figure 6B
, whose averag

gher DQI value
crease in N fer
owever, in plan
the highest val
hose of Dias et

dm-3 in plants
on close to thi

9 and 2.7 dS 
mine optimal ra

o this type of 

entage of recom
ity level (B) fo

ls (p ≤ 0.01 an

re 6A) and ba
he increment 
27 and 0.23 ob
eedlings had g

ablished by Hu
lants, because 

ment, and plant 

), it is verified
ge DQI was 0
es (0.28, 0.30, 
rtilization caus
nts under wate
lue (0.261) obt
t al. (2012), wh
s irrigated with
is rate also re

Vol. 9, No. 11;

m-1, N fertiliz
ates for fertiliz
stress (Kaya e

mmended nitro
or root dry mat

nd p ≤ 0.05).

ased on regre
in irrigation w
btained at the 

good quality fo
unt (1990). Be

they stimulat
resistance to w

d that there wa
0.23. However,

and 0.22) in p
sed linear decre
er salinity of 2
tained at the N
ho observed h
h non-saline w

educes the neg

2017 

ation 
ation 

et al., 

 

ogen 
ter 

ssion 
water 
ECw 
r this 
sides 
e the 
water 

as no 
, it is 

plants 
eases 
.7 dS 

N rate 
igher 

water. 
gative 



jas.ccsenet.

Figure 6. 
rate (A) a

Note: ns,*

 

4. Conclus
Salt stress
formation 
dry matter
dm-3 of soi

Reference
Blanco, F. 

Conc
12(1)

Cavalcante
devel
Orna
Full7

Cavalcante
(2005
Engen

Cavalcante
bovin
32(1)

Claessen, 
Embr

Corrêa, M
goiab
164-1

Del Amor
ions c
https:

Dias, M. J
potás
https:

Dias, N. S
Lacer
INCT

org 

Follow-up ana
and the factor p

* and * = non-

sions 
s provoked by 
of phytomass 

r and Dickson 
il) of the recom

es 
F., Folegatti, M
entração de nu

), 26-33. https:

e, I. H. L., Cav
lopment of fou
mental Plant R
%202007.pdf 

e, L. F., Cava
5). Germinatio
nharia Agríco

e, L. F., Vieira,
no líquido na 
), 251-261. http

M. E. C. (1
rapa-CNPS.  

M. C. M., Prad
beira a doses e
169. https://doi

r, F. M., Ruiz-
concentrations
://doi.org/10.10

J. T., Sousa, H
sio em mudas
://doi.org/10.54

S., & Blanco, F
rda (Eds.), Ma
TSal. 

alysis of the fa
percentage of r

-significant, si

electrical con
and quality of
quality index b

mmended rate 

M. V., & Henr
utrientes no s
//doi.org/10.15

valcante, L. F.
ur guava (Psi
Research, 15, 7

alcante, I. H. L
on and initial g
la e Ambiental

 M. S., Santos, 
formação de 
ps://doi.org/10

1997). Manua

do, R. M., Na
e modos de apl
i.org/10.1590/

Sanchez, M. C
s of salt-stresse
080/01904160

H. A., Natale, W
s de goiabeira 
433/1679-0359

F. F. (2010). E
anejo da salinid

Journal of A

actor irrigation
recommended

seedlin

gnificant at 0.0

nductivity of i
f guava cv. Pa
by the increase
for production

riques Neto, D
olo e na plant
590/S1415-436

, Hu, Y., & Be
idium guajava
71-80. Retriev

L., Pereira, K.
growth of gua
l, 9(4), 515-51

A. F., Oliveira
mudas de goi

0.1590/S0100-2

l de métodos

atale, W., Pere
licação de fert
S0100-294520

C., Martinez, V
ed tomato and
0009382102 

W., Modesto,
em viveiro co

9.2012v33Sup

Efeito dos sais
dade na agricu

Agricultural Sci

169 

    

n water salinity
d nitrogen rate 
ngs at 190 DAE

01 and 0.05 pr

irrigation wate
aluma rootstock
e in nitrogen r
n of seedlings o

D. (2008). Dose
ta. Revista Bra
662008000100

eckmann-Cava
a L.) cultivar 
ved from http://

. S. N., Olivei
ava plants irrig
9. https://doi.o

a, W. M., & Nas
iabeira cultiva
294520100050

s de análise 

eira, L., & Ba
tilizante fosfat
003000100045

V., & Cerda, A
d melon plants.

V. C., & Roza
ommercial. Se

pl1p2837 

s no solo e na
ultura: Estudo

ience

y at each perce
at each salinity
E 

robability level

er of beyond 1
k seedlings, an
rate up to appli
of the crop. 

es de N e K no
asileira de En
0004 

alcante, M. Z.
in north-easte
/www.inhort.p

ira, F. A., Gon
gated with sal
org/10.1590/S1

scimento, J. A. 
ar Paluma. Rev
000037 

de solo (2nd

arbosa, J. C. 
tado. Revista B
5  

A. (2000). Gá
. Journal of Pl

ane, D. E. (20
emina: Ciência

s plantas. In H
os básicos e ap

entage of recom
y level (B) for 

ls (p ≤ 0.01 an

1.4 dS m-1 aff
nd this effect i
ication of 106%

o tomateiro sob
ngenharia Agr

(2007). Water
ern Brazil. Jou
pl/files/journal_

ndim, S. C., &
line water. Re
1415-4366200

M. (2010). Ág
vista Brasileir

d ed., p. 212)

(2003). Respo
Brasileira de F

ás exchange, w
lant Nutrition,

012). Adubação
as Agrárias, 3

H. R. Gheyi, N
plicados (pp. 12

Vol. 9, No. 11;

mmended nitro
the DQI of gu

nd p ≤ 0.05).

fects negatively
is mitigated on
% (819.38 mg 

b estresse salin
rícola e Ambie

r salinity and i
urnal of Fruit
_pdf/journal_2

& Araújo, F. A
evista Brasileir
05000400012

gua salina e es
ra de Fruticul

). Rio de Jan

ostas de muda
Fruticultura, 2

water relations
 23(9), 1315-1

o com nitrogê
33(S1), 2837-2

N. S. Dias, & 
29-141). Forta

2017 

 

ogen 
uava 

y the 
n root 

of N 

no: I. 
ental, 

nitial 
t and 
2007/ 

A. R. 
ra de 

terco 
ltura, 

neiro: 

as de 
25(1), 

, and 
1325. 

nio e 
2848. 

C. F. 
aleza: 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 11; 2017 

170 

Dickson, A., Leaf, A. L., & Hosner, J. F. (1960). Quality appraisal of white spruce and white pine seedling stock 
in nurseries. The Forest Chronicle, 36(1), 10-13. https://doi.org/10.5558/tfc36010-1 

Ferreira, R. G., Távora, F. J. A. F., & Hernandez, F. F. F. (2001). Distribuição da matéria seca e composição 
química das raízes. caule e folhas de goiabeira submetida a estresse salino. Pesquisa Agropecuária 
Brasileira, 36(1), 79-88. https://doi.org/10.1590/S0100-204X2001000100010 

Flores, P., Carvajal, M., Cerdá, A., & Martínez, V. (2001). Salinity and ammonium/nitrate interactions on tomato 
plant development nutrition and metabolites. Journal of Plant Nutrition, 24(10), 1561-1573. 
https://doi.org/10.1081/PLN-100106021 

Flowers, T. J. (2004). Improving crop salt tolerance. Journal of Experimental Botany, 55(396), 307-319. 
https://doi.org/10.1093/jxb/erh003 

Franco, F. C., Prado, R. M., Brachirolli, L. F., & Rozane, D. E. (2007). Curva de crescimento e marcha de 
absorção de macronutrientes em mudas de goiabeira. Revista Brasileira de Ciência do Solo, 31(6), 
1429-1437. https://doi.org/10.1590/S0100-06832007000600020 

Gurgel, M. T., Gheyi, H. R., Fernandes, P. D., Santos, F. J. S., & Nobre, R. G. (2007). Crescimento inicial de 
porta-enxertos de goiabeira irrigados com águas salinas. Revista Caatinga, 20(2), 24-31. https://periodicos. 
ufersa.edu.br/index.php/caatinga/article/download/308/108 

Hunt, G. A. (1990). Effect of styro block design and cooper treatment on morphology of conifer seedlings. In 
Target Seedling Symposium. Proceedings of Meeting of the Western Forest Nursery Associations (pp. 
218-222). Roseburg, Fort Collins: United States Departament of Agriculture. 

Kaya, C., Tuna, A. L., Ashraf, M., & Altunlu, H. (2007). Improved salt tolerance of melon (Cucumis melo L.) by 
the addition of proline and potassium nitrate. Environmental and Experimental Botany, 60(3), 397-403. 
https://doi.org/10.1016/j.envexpbot.2006.12.008 

Magalhães, A. C. N. (1985). Análise quantitativa do crescimento. In M. G. Ferri (Ed.), Fisiologia vegetal (Vol. 1, 
pp. 50-363). São Paulo, Brasil: EPU.  

Medeiros, J. F., Lisboa, R. A., Oliveira, M., Silva Júnior, M. J., & Alves, L. P. (2003). Caracterização das águas 
subterrâneas usadas para irrigação nas áreas produtoras de melão na Chapada do Apodí. Revista Brasileira 
de Engenharia Agrícola e Ambiental, 7(3), 469-472. https://doi.org/10.1590/S1415-43662003000300010 

Nobre, R. G., Gheyi, H. R., Correia, K. G., Soares, F. A. L., & Andrade, L. O. (2010). Crescimento e floração do 
girassol sob estresse salino e adubação nitrogenada. Revista Ciência Agronômica, 41(3), 358-367. 
https://doi.org/10.1590/S1806-66902010000300006 

Parida, A. K., & Das, A. B. (2005). Salt tolerance and salinity effects on plants: A review. Ecotoxicology and 
Environmental Safety, 60(3), 324-349. https://doi.org/10.1016/j.ecoenv.2004.06.010 

Pereira, K. S. N., Cavalcante, L. F., Cavalcante, I. H. L., Silva, G. F., & Gondim, S. C. (2006). Goiabeira e a 
salinidade. In L. F. Cavalcante, & E. M. Lima (Eds.), Algumas frutíferas tropicais e a salinidade (pp. 37-54). 
Jaboticabal: FUNEP.  

Rhoades, J. P., Kandiah, A., & Mashali, A. M. (1992). The use saline waters for crop production (p. 133). Roma: 
FAO. 

Silva, E. C., Nogueira, R. J. M. C., Araújo, F. P., Melo, N. F., & Azevedo Neto, A. D. (2008). Physiological 
responses to salt stress in young umbu plants. Environmental and Experimental Botany, 63(1-3), 147-157. 
https://doi.org/10.1016/j.envexpbot.2007.11.010 

Silva, E. M., Nobre, R. G., Souza, L. P., Araújo, R. H. C. R., Pinheiro, F. W. A., & Almeida, L. L. S. (2017). 
Morfofisiologia de porta-enxerto de goiabeira irrigado com águas salinizadas sob doses de nitrogênio. 
Comunicata Scientiae, 8(1), 32-42. https://doi.org/10.14295/CS.v8i1.1547 

Souza, L. P., Nobre, R. G., Silva, E. M., Lima, G. S., Pinheiro, F. W. A., & Almeida, L. L. S. (2016). Formation 
of ‘Crioula’ guava rootstock under saline water irrigation and nitrogen doses. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 20(8), 739-745. https://doi.org/10.1590/1807-1929/agriambi.v20n8p7 
39-745 

Tester, M., & Davenport, R. (2003). Na+ tolerance and Na+ transport in higher plants. Annals of Botany, 91, 
503-527. https://doi.org/10.1093/aob/mcg058 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 11; 2017 

171 

White, P. J., & Broadley, M. R. (2001). Chloride in soils and its uptake and movement within the plant: A review. 
Annals of Botany, 88(6), 967-988. https://doi.org/10.1006/anbo.2001.1540 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


