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ABSTRACT

In order to study the effect of salinity stress on morphological characteristics, absorption and transport of some nutrients of
almond, a factorial experiment based on a completely randomized design with two factors including rootstock and rootstock
and scion combination in four levels (vegetative rootstocks: GF677, GN15, and tetra and seedling rootstock of bitter almond
as control and Shahrood-12 on four mentioned rootstocks) and salinity of irrigation water in five levels (0.3(control), 2, 4, 6
and 8 dS/m) were used. The results showed that increasing salinity up to 8 dS/m reduced the leaf nitrogen content of
Shahroud-12 cultivar in grafted form and non-grafted rootstocks. With increasing salinity up to 8 dS/m, the highest and
lowest reduction in leaf phosphorus content were observed on the control (non-grafted) GF677 and Shahroud-12 cultivars
on GF667, respectively. Increasing salinity resulted in increased potassium content of Shahroud-12 on GF677 and non-
grafted GF677 rootstock. The results also showed that with increasing salinity, the ratio of sodium/nitrogen in the root of the
control rootstocks increased. In salinity of 8 dS/m the highest and lowest sodium/potassium ratio was observed in the
seedling rootstock of bitter almond and Shahroud-12 on GF677 rootstock. The results showed that Shahroud-12 grafted onto
GF677 was the most tolerance compound to salinity.

Keywords: Abiatic stress, rootstock and scion, sodium, phosphorus, potassium.
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Table 1. Physico chemical properties of soil before appling of treatments

Properties Value Properties Value
Saturation moisture% 41 Texture Loam
Field capacity% 20.14 Soluble Ca (mg/L) 116.5
Wilting point% 10.1 Mg (mg/L) 291.2
Salinity dS/m 1.50 Calcium carbonate% 12.6
Soil pH 7.5 Cu (mg/Kg) 2.6
N% 0.21 Z (mg/Kg) 6.4
Organic carbon% 1.7 Ava. Fe (mg/Kg) 23.9
Absorbable phosphorus (mg/Kg) 101.1 Ava. K (mg/Kg) 580
Sand% 39 Ava. Mn(mg/Kg) 21.2
Silt% 44 Soluble Na (mg/L) 78.15
Clay% 17
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Table 2. Analysis of variance of morphological traits of almond rootstocks

Mean of squer

SOV f Scion diameter ~ Scion hight ~ Number of leaf on main stem Total leaf Dry weight of arial part
Cultivar 7 6.96" 3155 5235.19" 9149.78" 5291.21"
Salinity 4 127.55™ 8899.98” 73143.84™ 310197.57" 166028.59™
Cultivarx Salinity 28 1.15 56.47 433.2" 801" 274.56"

Error 80 05 52.38 243.88 653.9 14851
*, **: Significantly differences at 5 and 1% Aoy ) g0 o e Jliol mhu )0l s Sglas odimsjliS o ey s g %

levels, respectively.
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Table 3. Mean comparison interaction effect of salinity and cultivar on morphological properties of almond
rootstocks and grafted combinations of almond

Cultivar EC Scion diameter Scion hight Numbe_r of leaf Total Dry weight
dS/m (mm) (cm) on main stem leaf of arial part(gr)
0.3 11.68c-e 102.8b-e 75.33bc 289ef 314c
2 10.86d-h 92.96¢-i 49d-h 255f-h 273de
Tetra 4 9.89h-j 83.76g- 456+ 190.7j4 224.7gh
6 8.361-0 85g-k 39g+ 138m-o 179.1k
8 7.180-q 7153k-n 18.33Im 80.33p 146.6n0
03 14.37b 106.7bc 79.33b 4047a 364a
2 11.55¢-¢ 97.6¢-g 63.33b-e 249.3d-f 289d
Shahm"dtltz grafted 4 1031e-i 85.069-k 46.660-i 221h4 242.1fg
onetra 6 9.28i-1 78.93i-m 40,66k 180.7 j-m 212.7hj
8 7.3n-q 59.1n-p 23k-m 153.3mn
03 11.65c-¢ 103.2b-d 70.66bc 352bc 335.50c
2 10.73d-h 89.90-j 47660+ 272e-g 280.9d
Biter almond 4 9.8hk 81.6h-1 4266k 178.3j-m 216.9hj
6 8.1l-p 70.961-n 38g-k 114n-p 165.41-n
8 5.53r 40.73q 10m 35.33q 126.20
03 1231c 106.6bc 75.33bc 379.3ab 337.8D
2 11.43c-f 97.86c-g 60.66b-f 276e-g 290.3d
Shoa:g’ft’grf"gg‘r‘gecj 4 10.19f-i 87.1f 45.66e- 195.7ik 213.1h
6 9.21i 78.8i-m 37.33gk 108n-p 1736Im
8 6.9pq 54.730p 28i-m 86.33p 142.7no
03 11.71cd 103.7b-d 99.33a 412a 384.8a
2 11.03c-h 95.06¢-h 56.66¢-g 311c-e 321.6bc
GF677 4 10.05g-i 8551k 46.660-i 225h- 256.26f
6 8.55k-n 75.73j-m 34h-l 150k-n 197.7jk
8 6.17qr 51.16p-q 29,6601 960p 158.91-n
03 14.38b 112.4ab 1137a 4127a 380.5a
2 116c-e 99.46b-f 69.33bc 339.3b-d 332.6bc
Shahg‘;]og éég;aned 4 10.32¢-i 94.7c-h 63.330-¢ 241.7g- 286.8de
6 9.74hk 82.8n-1 41.66fk 178.3j-m 222.3g-i
8 7.87Tm-p 65.83m-0 37.660-1 118.3n-p 163.51-n
03 12.26¢ 106.4bc 76.33bc 352hc 3726a
2 11.32¢c-g 94.1c-h 57.66¢-g 272.7e-9 324.9bc
GN15 4 10.14f-i 86.26f-j 45330 198.7ij 256.7¢f
6 8.65j-m 775)-m 37.66-1 138m-o 198.6jk
8 6.86pq 49.63pq 26j-m 970p 163.11-n
03 15962 120.2a 111.3a 383.3ab 3732a
2 11.64c-e 102.5b-e 65.66b-d 314.7ce 318.5bc
Shahmo‘é}\lzlgraﬁed 4 10.42¢-i 89.06¢-j 47.660-i 223.3hj 242.4fg
on 6 9.77hk 81.3n-| 40.33gk 149.71-n 2015ij
8 7.75m-p 60.96n-p 35.33h-I 94.330p 151.5mn

aibige /) Jlisl mlaw jo g SSls 05951 omlel 2 (510 gime glas 5405 eaims LiS gt ,2 48 alie By, L olael
Numbers with same letter are not significant according to Duncan's multiple range test at 0.01 probability.
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Table 4. Analysis of variance of nutritional elements of almond rootstocks

Mean of squer

SOV df N P K Na
Leaf Root Leaf Root Leaf Root Leaf Root
Genotype 7 0119 0.6306°  0.00065 0.000058~  1.182" 0.033 0.761 0.6297
Salinity 4 3417 0.1066™ 0.0056™ 0.000443"  0.155" 0.0781" 6.737 153"
Genotypex Salinity 28 00257 016247 0.0018™ 0.000011" 0036~ 000542 0209”7 = 025317

Error 80 0.0069 0.0039 0.000008 0.000001 0.0033 0.00058 0.0143 0.0046
Wb doy0 ) 50 o pa Jlainl maw 1o o gime Golas siasylis #

*, **: Significantly differnces at 5 and 1 % levels, respectively.
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Table 5. Mean comparison interaction effect of salinity and cultivar on dry weight of leaf and root mineral elements of
almond rootstocks and grafted combinations in almond

EC N (mg.kg DW™) P (mg.kg DW™) K (mg.kg DW™) Na (mg.kgDW™)
Cultivar (ds/ L
m) eaf Root Leaf Root Leaf Root Leaf Root
0.3 1.9e-h 0.965i-I 0.188c-e 0.111l-0 1.09n0 0.511d-i 0.3330-q 0.318t
2 1.83e-i 1.13e-h 0.193b-d 0.115n-p 1.191-n 0.55b-e 0.4561-q 0.6650-q
Tetra 4 1.55l-p 0.923j-m 0.182e-h 0.116l-0 0.960p 0.472g-0 0.672h-m 1.04h-j
6 1.26r-t 0.659n0 0.165l-n 0.118h-m 0.83qr 0.417n-s 0.8h-j 1.25e-g
8 1.01u 0.5670 0.156p-r 0.119f-k 0.73r 0.309v 1.5c-e 1.44bc
0.3 2.26a 0.896j-m 0.195b 0.113pq 1.65a-d 0.453j-r 0.341n-q 0.814l-0
Shahrood 2 2.11a-d 0.96i-1 0.181f-h 0.118h-m 1.69a-c 0.512d-h 0.481k-q 0.965i-k
12 grafted 4 1.57k-p 1.21d-f 0.165l-n 0.123cd 1.55¢-f 0.577bc 0.669h-m 1.32c-f
on tetra 6 1.45n-r 1.43a-c 0.1560-r 0.126bc 1.5e-h 0.521d-h 1.09fg 1.42b-d
8 1.17s-n 1.55a 0.143tv 0.128a 1.41g-j 0.398g-t 1.58c-e 0.5679-s
0.3 1.93d-g 0.959i-I 0.181e-h 0.111q 1.13mn 0.464h-p 0.432m-q 0.451r-t
Biter 2 1.92d-h 0.967i-I 0.169KI 0.116l-0 1211 0.49e-k 0.572i-p 0.9610-q
almond 4 1.52m-q 0.94i-m 0.162m-o0 0.118h-m 1.29j- 0.456i-r 0.746h-1 1.215f-h
6 1.23r-t 0.839k-m 0.156p-r 0.121ef 0.94pq 0.409p-s 1.63cd 1.4b-e
8 0.99u 0.6110 0.151rs 0.124cd 0.87p-r 0.294v 2.4a 1.5ab
Shahrood 0.3 2b-f 0.927j-m 0.183e-g 0.114n-p 1.62b-e 0.459h-r 0.378m-q 0.313t
12 grafted 2 2.05a-e 0.982h-k 0.189%-d 0.117j-n 1.7a-c 0.51d-j 0.457m-q 0.612p-r
on Biter 4 1.64i-n 1.32cd 0.171i-1 0.12e-i 1.7a-c 0.462h-q 0.605j-p 0‘807_I—o
almond 6 1.420-r 1.48ab 0.151r-t 0.125bc 1.52d-g 0.432I-s 1.35d-f 0.937i-m
8 1.11s-u 1.53a 0.144s-v 0.125bc 1.43f-i 0.347t-v 2.32ab 1.07h-j
0.3 1.95¢c-g 0.8141-n 0.216a 0.115n-p 1.25k-m 0.389s-u 0.418m-q 0.359t
2 1.86e-h 0.928j-m 0.19b-d 0.115n-p 1.34i-1 0.417n-s 0.51j-q 0.758n-p
GF677 4 1.561-p 1.09f-i 0.182e-h 0.12e-i 157c-f 0.538b-f 0.63i-0 0.916j-n
6 1.329-s 0.793mn 0.167I-n 0.122de 1.45f-i 0.466h-p 1.3ef 1.26d-g
8 1.02u 0.5840 0.1560-r 0.117j-n 1.36h-k 0.438k-s 1.69¢ 1.441bc
0.3 2.14a-c 1.03g-j 0.161n-p 0.115n-p 157c-f 0.474g-n 0.375m-q 0.299t
Shahrood 2 2.16ab 1.22d-f 0.168k-m 0.117j-n 1.62b-e 0.527¢c-g 0.394m-q 0.436st
12 grafted 4 1.77g-k 1.31cd 0.1769-j 0.119f-k 1.73ab 0.568b-d 0.545i-q 0.593qr
on GF677 6 1.51m-q 1.39a-c 0.161n-p 0.127ab 1.75ab 0.473g-n 0.647i-n 0.771m-p
8 1.18s-u 1.49a 0.154qr 0.126bc 1.77a 0.4150-s 0.77h-k 0.863k-n
0.3 1.92d-h 0.995h-k 0.187d-f 0.1140-q 1.13mn 0.497e-j 0.367n-q 1.1g-i
2 1.89%-h 1.1f-i 0.194bc 0.116l-0 1.26kI 0.485f-1 0.534j-q 1.5ab
GN15 4 1.62i-0 0.873j-m 0.175h-k 0.119f-k 1.45f-i 0.429m-s 0.589i-p 1.62a
6 1.42p-r 0.6150 0.16n-q 0.124cd 1.25k-m 0.397r-t 0.94gh 0.615p-r
8 1.06tu 0.5250 0.151r-u 0.121ef 1.09n0 0.335uv 2.08b 0.923j-n
0.3 1.71h-m 0.881-n 0.178g-i 0.116l-0 1.69a-c 0.571b-d 0.571b-d 0.335t
Shahrood 2 1.8fj 0.935j-m 0.179gh 0.117j-n 1.66a-d 0.59b 0.59b 0.461r-t
12 grafted 4 1.75¢g-1 1.15e-g 0.17j-1 0.118h-m 1.73ab 0.657a 0.657a 0.612p-r
on GN15 6 1.54m-p 1.28c-e 0.153qr 0.125bc 1.76ab 0.527¢c-g 0.527a 0.791m-o
8 1.2su 1.32b-d 0.151r-u 0.127ab 1.64a-e 0.479g-m 0.479g-m 0.962i-1
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Numbers with same letter are not significant according to Duncan's multiple range test at 0.01 probability.
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Table 6. Analysis of variance of nutritional elements ratio of almond rootstocks

Mean of squer

SOV df Ca+Mg Na/P Na/K
Leaf Root Leaf Root Leaf Root Leaf Root
Genotype 7 0.575 0.2884 0.65 236 32457 48.04™ 1.297 527
Salinity 4 33" 05762"  4.662" 2.93" 334.55™ 88.7" 5.857" 14.19"
Genotypex Salinity 28 0.0842™  0.0075"  0.224"  0.6098™ 9.99™ 18.06"  0.3164" 1.72"
Error 80  0.0122 0.0006 0.0217 0.0062 0.6135 0.3265 0.015 0.0593

*, **: Significantly differnces at 5 and 1 % levels, respectively.
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Figure 1. Mean comparison effect of salinity on root and leaf sodium to nitrogen ratio on Shahroud 12/ GF677 of
rootstocks with no graft GF6770f almond
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Table 7. Mean comparison interaction effect of salinity and cultivar on leaf and root calcium+magnesium and sodium

to nitrogen ratio of almond rootstocks and grafted combinations in almond

Cultivar EC Ca+Mg(ppm) Na/N Na/P Na/K
(dS/m) Leaf Root Leaf Root Leaf Root Leaf Root
Mean of squer - 0.575 0.2884 0.65 2.36 32.45 48.04 1.29 5.27
0.3 2.84cd 0.894ef 1.9e-h 0.33qr 1.77pq 2.85vw 0.306j-m 0.623q
2 3.13ab 0.957cd 1.83e-i 0.585l-0 2.36m-q 5.77p-r 0.381j-m 1.2m-p
Tetra 4 2.48f-i 0.792g-j 1.55I-p 1.13fg 3.69i-0 8.98h-j 0.697f-i 2.22f-i
6 2.23h-0 0.71-0 1.26r-t 1.9b 4.83h-k 10.59e-f 0.96d-f 3.01c-e
8 1.84r-u 0.686m-p 1.01u 2.53a 9.64cd 12.05b-d 2.03b 4.66a
0.3 2.45fj 0.84f-h 2.26a 0.909hi 1.74pq 7.23k-0 0.207k-m 1.8h-m
Shahrood 2 2.37g-m 0.893ef 2.11ad 1gh 2.661-n 8.15j-1 0.284j-m 1.88h-I
12 grafted 4 1.89g-s 0.69m-p 1.57k-p 1.08fg 4.05h-n 10.71d-g 0.429i-m 2.29f-h
on Tetra 6 1.74s-u 0.457st 1.45n-r 0.99gh 6.99e-g 11.34c-f 0.724f-h 2.74d-f
8 1.61tu 0.405t 1.17s-u 0.366qr 10.98c 4.42s-u 1.119de 1.421-0
0.3 2.57d-g 0.87f 1.933d-g 0.47n-r 2.39m-q 4.05s-v 0.392i-m 0.972n-p
Biter 2 2.56d-g 0.973b-d 1.92d-h 0.715i-m 3.38j-q 5.970-r 0.47g-| 1.41l-0
almond 4 2.27h-n 0.742j-m 1.52m-q 1.29f 4.6h-1 10.3f-h 0.57g-j 2.67e-g
6 2.17m-q 0.708l-0 1.23r-t 1.67cd 10.49¢c 11.63b-e 1.74bc 3.43bc
8 1.88r-t 0.673n-p 0.993u 2.45a 15.9a 12.12b-d 2.77a 5.18a
Shahroud 0.3 2.02h-p 0.777h-k 2b-f 0.338qr 2.07n-q 2.73vw 0.233k-m 0.683pq
12 grafted 2 2.71c-f 0.892¢f 2.05§-d 0.624k-n 2.39m-q 5.20-s 0.266I_<-m 1.2m-q
on biter 4 2.1m-r 0.63p 1.64i-n 0.611l-0 3.53i-p 6.731-p 0.354j-m 1.74h-r_n
almond 6 1.82s-u 0.5rs 1.420-r 0.632k-n 8.93c-e 7.5k_—n 0.887ef 2171+
8 1.56u 0.458st 1.11s-u 0.7j-m 16.06a 8.53i-k 1.62¢ 3.08ce
0.3 2.88bc 1.01bc 1.95¢-g 0.441n-r 1.930-q 3.12u-w 0.322j-m 0.9240-q
2 2.93bc 1.02b 1.86e-h 0.818h-k 2.68l-p 6.57m-q 0.379j-m 1.82h-m
GF677 4 2.48f-i 0.941de 1.561-p 0.837h-j 3.46j-p 7.65j-m 0.401i-m 1.7h-m
6 2.19j-p 0.834f-h 1.32g-s 1.59d 7.78d-f 10.33e-h 0.892¢f 2.71e-f
8 1.83r-u 0.725k-n 1.02u 2.46a 10.87c 12.28a-c 1.247d 3.3b-d
0.3 2.17m-q 0.85fg 2.14a-c 0.289r 2.32m-q 2.6w 0.328k-m 0.633pq
Shahroud 2 2.41g- 0.725k-n 2.16ab 0.356qr 2.34m-q 3.74t-w 0.242k-m  0.831o0-q
12 grafted 4 2.5e-h 0.566q 1.77g-k 0.456n-r 3.09k-q 4.97r-t 0.314j-m 1.04n-q
on GF677 6 2.02n-s 0.501rs 1.51m-q 0.5591-p 4h-n 6.07n-r 0.368j-m 1.63i-m
8 1.990-s 0.434t 1.18s-u 0.581l-0 5g-i 6.871-p 0.434h-m 2.08g-k
0.3 2.91bc 1.149a 1.92d-h 1.1fg 1.960-q 9.68g-i 0.326j-m 2.21f-i
2 3.24a 1.15a 1.89e-h 1.37e 2.741q 12.94ab 0.421i-m 3.11c-e
GN15 4 2.48e-h 1b-d 1.62j-0 1.86bc 3.37jq 13.62a 0.406i-m 3.8b
6 2.2i-p 0.887ef 1.42p-r 1gh 5.87f-h 4.94r-t 0.751f-g 1.54j-n
8 1.96p-s 0.755i-k 1.06tu 1.75b-d 13.83b 7.66j-m 1.9bc 2.75d-f
0.3 2.32g-m 0.755i-k 1.71h-m 0.4140-r 1.41q 2.89vw 0.149m 0.586q
Shahroud 2 2.74c-e 0.805¢-i 1.8f+j 0.493n-q 1.66pq 3.94s-w 0.179Im 0.78p-q
12 grafted 4 2.43f-k 0.651op 1.75g-1 0.531m-q 2.641-q 5.17r-t 0.259k-m  0.931o0-q
on GN15 6 2.18l-p 0.529qr 1.54m-p 0.617I-n 4.24h-m 6.3m-r 0.37j-m 1.5k-n
8 1.970-s 0.455st 1.2s5-u 0.725i-1 5.47g-i 7.53k-m 0.501g-k 2.01h-l
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Numbers with same letter are not significant according to Duncan's multiple range test at 0.01 probability.
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