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Figure 1- Map of the east Azarbaijan province and Sahand horticultural station
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Table 1- Chemical properties of the soil of experimental site

Gos Suylcalae ST

da JB s ol BB el

DA g g 31 T o5l
Depth EC eluil J§ Cs-*:;;—:o/)s" ‘(;]C":;s) - fl Nzo/) Available P Available K
: a otal
(cm) (ds.m) pH s (70 0 0 (mg.kgt)
0-20 3.04 7.57 35 0.47 0.05 142 419
20-40 212 7.86 2.0 0.27 0.03 34 192
40-90 1.45 8.03 2.0 0.10 0.01 0.6 115
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Table 2- Physical properties of the soil of experimental site

Gos JERTIRSS
Depth il aoy Mechanical analysis

em) spr ok e
Sand (%) Silt (%) Clay (%)

Sl S (M?.m3) cagb,
Bulk density Water content
cal (kg.m)

FC (0.03MPa) PWP (1.5MPa)

Texture
0-20 25 87 8 5 Loamy sand g oy 1.54 9.9 4.3
20-40 21 88 7 5 sand s 1.63 75 4.4
40-90 21 89 6 5 Sand s 1.58 8.3 4.1
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Table 3- Chemical properties of irrigation water in salinity treatments

o Syl OlyS Gl K5 Olilgw Lol ggemme majsio + mandS i LTS ggome
Treatment S,y pH _COs* HCOs CI° SO+ Sumofcations Mg* +Ca®* Na® Sum of anions o2 s
EC(dS.m) meq I SAR
T1 2.16 756 0.0 3.4 9.0 96 22.0 16.2 5.8 22.0 2.0
T2 4.33 749 0.0 3.6 230 174 440 28.6 18.6 47.2 4.9
T3 5.14 7.82 0.0 4.0 28.8 18.2 51.0 26.0 25.0 51.0 6.9
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Figure 2- Treatments layout
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1- Available water depletion
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1- Vapor pressure deficit
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Table 4- Analysis of variance of the effect of salinity treatment on soil water content (SWC) and available water depletion

(AWD)
Slayo (il
S5 obie 14 Mean square
yum Jle (5315 Ay S oo Cugb, S ealiw! JB O adss
Sov df SWC AWD
0-20 20-40 40-70 0-40 0-70 0-20 20-40 40-70 0-40 0-70
l 5 ok * ko kk ko * * *
’,’g’ . 2 386" 2077 242 246" 229 1641.2"" 3133.1° 2672.4° 1790.7° 1969.8
Replication
“S“"tr e’;“ 3 666.2"" 107.6"" 748.5™ 312.4™ 480.4"" 28342.8" 13156.2"" 22954.8" 28611.1"" 114734
/0' I ¥ ) *k *k k% Kk *k *k *k Kk 3k Kk
S _"J’ ol 42 164.1 147.1* 100.5™ 1285 111.57 6982.4™ 21073.5" 9946.7" 97055 10769.7
Time
ol x’l‘_’*’" 126 684 261 570 415 4.78 29158 34513 31320 34540 728.61
StressxTime
Eur‘; 382 5.8 54 108 37 4.2 248.0 716.3 766.0 460.6 777.8
;
il ge () pxe juE 9 o) B 5 ) Jlein] prdaw ;3 (g)ld gize KL i Ay NS ¢
. . 200 100 e -’;ﬂ-j . 240
M — == e — = ___h ......... — g‘*; p L ;I."lfh:'f:“ o ”:‘,I:’ﬁ o E’js
FE g ke L b AL [TEsac el e j* . A 10F 3
N L ERk: ; R L
T I f IR
E § E
s s & ng "
o, | o 1 1 0
58 78 o8 18 138 158 178 198 218 8 ns 138 158 178 198 n8
Day ul'YEa_r (DOY) Dayui&a;()])ﬂy')
b) (<) a) ()
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Figure 3- Volumetric soil water contents (a) and available water depletion (b) in different treatments during the growing
season
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Table 5- Effect of treatments on soil water content (SWC) and available water depletion (AWD) at the various layers

soss O S oalisies! S8 Of 4
Treatment SWC (%) AWD (%)
0-20 20-40  40-70  0-40 0-70 0-20 20-40  40-70  0-40 0-70

To 1806a 14.07a 2046a 16.17a 1813a 2502c 2055c -6.61b 14.69c -48.22b To

Ta 1036¢ 1161c 1226b 10.95c 1155¢ 7524a 4491a 37.88a 65.0la 5440a Ta

T2 10.74bc 11.19c 11.92b 10.95c 11.40bc  72.75ab 50.13a 41.45a 650la 55.84a T2

Ts 1117b 1271b 12.28b 1190b 12.07b 69.96b 31.37b 37.69a 56.94b 4955a Ts
LSDo.o1 0.384 0476 0434 0224 0.353 2450 0469 3005 0469 3.005 LSDoom
CV. (%) 11.05 8.60 1020 6.15 9.35 10.22 8.03 16.07  8.03 16.07 C.V. (%)

LSDoou: Least significant difference, C.V.: Coefficient of Variation el clyus cops :C.V. auo > 6 Jlois] gdaws 53yl gime M3 J3ls L. SDo01
Numbers followed by the same letter are not significantly different (P<0.01)  .5,l5 b ixe M| diun S jtio o K g o5 (olael (g yo
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Table 6- Analysis of variance of the effect of salinity treatment on shoot and diameter growth and leaf water potential (LWP)

Olayo (uKile
o Mean square
JUE AT ; i Jlo d L gy b pad L &5 gy s sl
sov ‘5; ’ Shoot growth Trunk growth <! Jaily
f Jsb sy sy cem W oRilass  adcemw  (LWP) S,
Length Increase Growth rate Increase Growth rate
)l)SJ i 2 328.4" 1717.6™ 0.007" 144.3™ 0.002m 2.329™
Replication
G e 3 32975  2917.2n 0.047* 663.6 0.005™ 3.893"
Stress
d)ﬁfo-)’l.\sl Ol‘} 42 B _ _ - - 1007**
Time
oles slesd 126 - - - - : 0.041
StressxTime
EUa;; 76 or 382 74.5 748.3 0.003 32.8 0.000 0.032
rror

* Increase (%) was calculated based on increase from beginning of
study to the end of growing season (150day)

# 76 for shoot and trunk growth traits and 382 for leaf water potential

(390 30%) (o E9pb 4 Comd 15y b (ol ) Liljil o> 5
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Table 7- Effect of treatments on shoot and trunk growth and Leaf water potential (LWP)

Shoot growth Jlw aald gudy s asld

Trunk growth &5 gud, s asld

Ol il
Tre)atment om) g *(6) 14 Growt; (m:d'l) 06) 55 ) Trun)lfﬁrow)th (r)r::n d?) o
Length Increase ' Increase in diameter g = 7 LWP (MPa)
rate rate

To 104.17 a 123.68 a 4.15a 53.47 a 0.140 a -1.525a

T1 75.43b 73.70 ab 2.04b 32.38b 0.093b -1.778 b

T2 69.22 c 73.56 ab 1.88b 27.69 be 0.072 bc -1.932¢

LE 62.17 d 4954 b 1.27b 18.31¢c 0.047 ¢ -2.156 d
LSDo.01 4.85 62.13 144 11.73 0.036 0.053
C.V. (%) 23.11 25.13 12.34 15.11 13.63 8.20

* Increase (%) was calculated based on increase from beginning of study
to the end of growing season (150 days)
Numbers followed by the same letter are not significantly different (P<0.01)
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Figure 5- Effect of treatments on trunk growth
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Figure 6- Leaf water potential (LWP) in different treatments during the growing season
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Table 8- Correlation matrix (absolute value) among the studied parameters (n = 39)

S L 298 S 1 2l ity
Ol VPD LWP
i Lows
Trait s To T T2 Ts To T T2 T3
Treatment
S [ o x o -
RS 0.65" 0.66™ 0.66™ 0.63 - ; ) ]
LWP
SB ez C wx o -
> Cagb 0.20™ 0.23"™ 0.25™ 0.22™ 0.22™ 0.68 0.66 0.83
SWC (0-40)
(KPa) by HLLS 29
VPD (kPa)
1 2 3 4 5 6 7
1
2a
N
<
g_ls I §~é o0 ° o
. ;\\ a
¥ \ me T~ % ¢ . ¥=-0.386ln(x) - 1.0597
i E o Be. ®. w8 o o R2=0.5209
o= T TEL TEE g om
xE 2 A SN
1 E £ et g o m—sm oy -0745E0) - 0.9452
£ 3 " AL e, TTheesl R2=0.6700
= § 4 Ny : | AA_Z ¥=-0721n(x) - 1128
Fas | R f A TE 0 R2=0.6231
A A R
A & A ¥ =-0.899In(x) - 1.1903
4 W R*=0.5399
3 e T0 ® T1 + T2 a T3 Log. (T0) — —Log.(T1) - - -Log.(T2) ----—- Log. (T3)

Cilisen 5,5 )3 (VPD) Iga e ;Ui 39105 L g0 (LWP) o 2 o ity bl ) - JS5
Figure 7- Relationship between the midday leaf water potential (LWP) and vapor pressure deficit (VPD) in different
treatments
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Introduction: Almond (Prunus dulcis) has an important role in the agricultural economy of north-west of
Iran, especially Azerbaijan provinces. Due to arid and semi-arid conditions of our country, large areas of
cultivated land are affected by salinity. Almond trees have good tolerance to water stress, and are suitable for
such conditions. However, sensitivity of almond trees to salinity calls for special attention to the integrated effect
of salinity and water stress on its water relations. This trial aimed to evaluate the combined effect of salinity and
drought stress on water uptake, vegetative growth and leaf water potential (LWP) of almond trees.

Materials and Methods: The experiment was conducted at the Sahand Horticultural Station located in East
Azerbaijan, Iran (370 55' 43" N, 450 57' 29" E) during 2014 growing season at 7 years old almond (cv Azar)
trees grafted on GF677 rootstock based on randomized complete block design with three replications.
Treatments comprised three irrigation salinity levels viz. 2 (Ti1), 4 (T2), and 5 (T3) dSm™. The soil of the
experiment site was coarse loamy mixed calcareous mesic typic xerofluvents. Undisturbed and composite
disturbed soil samples were taken from three diagnostic layers. Twelve undisturbed core samples were taken
from each layer. Composite disturbed soil samples were air-dried and ground to pass a 2-mm sieve. All the
appropriate soil chemical (Organic matter and Calcium carbonate content, pH and EC, Total N, Available P and K)
and physical (Particle size distribution, natural bulk density) properties were measured by the routine laboratory
methods. Water contents at field capacity (FC) and permanent wilting point (PWP) were determined by the
pressure plate apparatus. After irrigation of all trees with 200 mm water enough for saturating of soil in rooting
depth on 20th of May, the measurements began. The volumetric soil water content (SWC) was measured at three
locations around each tree 30 cm apart from tree trunk at three depths (020, 0—40 and 0-70) using a TDR probe.
During the experiment (20th May till 17th October), air temperature and relative humidity were obtained from the
meteorological site located in the station. The midday leaf water potential (LWP) was measured from the leaves
located in north part of trees close to stem between 12 and 14 o’clock.

Result and Discussion: Results indicated that salinity has significant effect (p<0.01) on LWP, vegetative
growth and remaining water content. The difference between T3 and other treatments was not significant in SWC
more than 8%. Therefore, it is obvious that, at SWC less than 8%, reduction in soil water potential due to
increased osmotic pressure of soil solution in T3 have caused that, trees unable to uptake more water. Therefore,
at SWCs less than 8%, remaining water content in T3 was significantly more than other treatments. Seasonal
averages of annual vegetative growth and increase in trunk diameter in unstressed tree was 104 cm and 53%,
respectively and decreased to 62 cm and 18% in T3 respectively. Seasonal averages of LWP for treatment T; to
T3 were -1.78, -1.93 and -2.16 MPa respectively. Whereas unstressed trees had highest LWP (-1.53 MPa).
Highest and lowest LWP for treatment T; to T3 were -1.20, -1.32 and -1.35 and -2.38, -2.47 and -2.73 MPa
respectively. LWP of unstressed trees was between -1.1 and -2.0 MPa. There was significant negative correlation
between LWP and VPD. The slope of regression equation increased as stress severity increased. This means that,
for a given VPD, leaf water potential was declined with increase in salinity of irrigation water. LWP is affected
by two stresses namely evaporative demand of the atmosphere (atmospheric-induced stress) and unavailability of
water due to the reduction of soil water content (soil-induced stress). In well-watered plants, LWP is affected
only by atmospheric factors (VPD) and therefore the relationship between LWP and SWC should not be
significant as it took place in our experiment for unstressed trees. But there was a significant relationship
between LWP and SWC in stressed treatments (T1 to Ts) because of soil-induced stress. Threshold value of LWP
for initiating stress was obtained to be -1.78 MPa. Based on the threshold LWP, values of SWC for initiating
stress for treatment T1 to T3 can be 10.1, 11.8 and 13.5%, respectively.

Conclusion: Based on our findings, the midday leaf water potential is a suitable criterion for determining
water status of almond trees in the studied area and can be used as an indicator for tree water and salinity
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stresses. Irrigation water salinity had significant effect on LWP. Due to relationship between LWP and soil water
content (SWC), this indicator can be used for determination of soil available water and non-limiting water range
of almond trees. Besides LWP, salinity also had a significant effect on vegetative growth and extractable soil
water content. At high water content, the effect of salinity on extractable water content was not significant. But
with decreasing water content, the effect of salinity increased so that, at SWC less than about 8%, the remaining
SWC in saline condition was significantly higher than non-saline condition (extractable water in the saline
condition was less than non-saline condition). Salinity also reduced soil available water range of almond trees.,
LWP reached to its threshold value (-1.78 MPa) at SWC equal to 10 and 13.5% in non-saline and saline
condition respectively.
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