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ABSTRACT

Choosing suitable feed sources remove the problems of salinity from the plant. For this purpose, an experiment as factorial
was conducted in a RCBD with three replications at the University of Mohaghegh Ardabili during 2015-16. The first factor
was humic acid (HA) application at four levels: (0, 2.5, 5 and 7 kgha™), the second factor was salinity at four levels: (0, 60,
120 and 180mM NaCl) and the third factor was two-years old almond rootstocks seedling at two levels (GF677 and GN15).
Results showed that with increasing salinity, root/stem dry weight increased, especially in GF677, Na* and CI™ and SI
increased, especially in GN15 and SLA, K and N, leaf osmotic potential, gs, Pn and T were decreased, especially in GN15.
Carbohydrates increased to 120mM NaCl, especially in GF677 and then decreased. GF677 with an increase in HA up to 5
kgha, in the salinity of 180mM NaCl, with the highest root/stem dry weight and SLA, the lowest Na* and Cland the
highest K* and N of leaf had the highest leaf osmotic potential (-1.9MPa) and carbohydrate (86.92 mg gFW™) compared to
other rootstocks. The highest gs (0.53 mmol ms%) and Pn (18.73 umolCO, ms®) were found in GF677, 2.5 kgha* HA and
0 mM NaCl. With increasing HA, in these conditions, the SI decreased, especially in GF677. Therefore, GF677 was
evaluated as the most tolerant rootstock for salinity and 2.5 and 5 kgha™*HA was evaluated as the most appropriate levels for
affecting almond rootstocks.
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Table 1. Mean comparison interaction effect of rootstock, HA and salinity on morphological, biochemical and physiological
properties of almond

Leaf osmotic

RDW/SDW SLA Carbohydrates : Sl S Pn T
Treatments - (gcm?) (mg g¥W'1) p?ﬁggﬁ' (x mm?) (mmolgm'2 SY)  (umol CO, m2S?)  (mmol m?S?)
Seedling HO SO 0.54rs 111.53f 30.43wx -1.25u 127.83pq 0.33i) 11.16k 15.31gh
Seedling HO S1 0.660 88.38ij 31.43vw -2.05Im 128.330p 0.30kl 11.25jk 13.23j
Seedling HO S2 0.620p 59.040p 40.66rs -2.73gh 149.83¢g 0.21p 9.35n 11.43kl
Seedling HO S3 0.55rs 40.02uv 26.14y -2.83f 162.33c 0.15st 6.25u 7.41s
Seedling H1 SO 0.630p 122.62c 29.10x -1.28u 128.000p 0.38f 14.53e 16.18fg
Seedling H1 S1 0.73mn 96.49gh 36.71t -2.05Im 128.660p 0.34hi 15.03de 13.55ij
Seedling H1 S2 0.76kl 64.60n 45.11n -2.65h 139.00ij 0.35gh 12.169 10.75m
Seedling H1 S3 0.73mn 44.18st 27.48y -2.84f 161.66¢cd 0.291 10.151 10.13mn
Seedling H2 SO 0.71n 121.13c 54.92h -1.22vw 124.83s 0.25mn 12.26g 18.15e
Seedling H2 S1 0.76kl 97.17g 56.09gh -1.99m 129.33n0 0.16rs 12.41fg 17.20ef
Seedling H2 S2 0.81jk 63.90n 66.55f -2.61hi 136.16KkI 0.13uv 10.08I 15.11h
Seedling H2 S3 1.19ef 44.98st 68.57de -2.80fg 155.66ef 0.04xy 7.46rs 13.40ij
Seedling H3 SO 0.71n 110.53f 41.52qr -1.06x 125.00rs 0.26mn 9.58mn 1305j
Seedling H3 S1 0.78k 89.68i 46.15mn -1.850p 123.66tu 0.22p 9.60mn 11.231
Seedling H3 S2 0.81jk 58.02p 47.01lm -2.53i 130.66n 0.14t 6.38u 7.06st
Seedling H3 S3 1.17ef 39.48v 39.04s -2.65h 153.83f 0.03y 2.11y 2.08yz
GF677 HO SO 0.53s 111.49f 45.760 -1.37s 122.66uv 0.44d 13.05f 14.66hi
GF677 HO S1 0.87ij 94.52h 50.29j -1.46r 125.00rs 0.38f 12.96f 13.46ij
GF677 HO S2 0.82j 81.83k 54.47h -1.95mn 135.661 0.34hi 11.13k 11.63kl
GF677 HO S3 0.80j 67.65mn 32.19v -2/061m 140.00i 0.230p 9.35n 8.40qr
GF677 H1 SO 0.640 121.10c 50.10j -1.69q 121.33v 0.53a 18.73ab 25.61a
GF677 H1 S1 0.96h 116.59% 54.28hi -1.43r 122.33uv 0.53a 18.23b 20.06bc
GF677 H1 S2 1.23d 82.67k 63.54f -1.92n 137.16jk 0.47cd 16.90c 18.23e
GF677 H1 S3 1.32c 72.051 48.79kl -2.04Im 140.33i 0.41ef 15.18d 16.73fg
GF677 H2 SO 0.86ij 135.37a 65.04f -1.24v 122.00uv 0.41e 16.10c 19.70cd
GF677 H2 S1 1.11f 126.32b 68.79de -1.40rs 123.00tu 0.49bc 15.58d 18.58de
GF677 H2 S2 1.42b 118.71de 86.92a -1.850p 132.33mn 0.40e 13.71e 16.38fg
GF677 H2 S3 1.54a 85.25jk 82.04b -1.90n 137.00jk 0.369 11.36ij 14.65hi
GF677 H3 SO 0.76kl 112.57f 64.12f -0.94y 100.00w 0.32ij 9.050p 9.95n
GF677 H3 S1 1.01gh 98.03g 67.60f -1.24vw 121.33v 0.230p 8.90p 8.11r
GF677 H3 S2 1.32c 82.28k 70.88cd -1.74q 125.66rs 0.17qr 6.96t 5.43t
GF677 H3 S3 1.40b 67.00mn 56.24gh -1.76q 132.66mn 0.12v 4.23w 2.50yz
GN15 HO SO 0.55rs 116.02e 36.37t -1.34st 125.33rs 0.31jk 11.26j 12.50jk
GN15 HO S1 0.60p 47.81r 40.90r -2.23jk 126.33qr 0.24n 11.16k 11.301
GN15 HO S2 0.56qr 40.71uv 28.61x -3.88de 159.33d 0.18qr 7.26s 7.13st
GN15 HO S3 0.44t 17.24wx 25.84z -4.20ab 176.66a 0.04xy 3.55x 3.10x
GN15 H1 SO 0.61p 124.62bc 39.70rs -1.35st 124.33s 0.37fg 12.25g 15.43gh
GN15 H1 S1 0.65p 60.900 42.48pq -2.16k 126.66qr 0.30kI 11.35ij 12.30jk
GN15 H1 S2 0.70n 39.77v 33.53uv -3.93c 143.66hi 0.22p 7.63qr 9.16p
GN15 H1 S3 0.57qr 43.11t 29.72w -4.21b 164.00bc 0.17qr 7.71qr 5.30u
GN15 H2 SO 0.71n 124.56hc 43.720p -1.27uv 125.66rs 0.291 11.66h 13.23ij
GN15 H2 S1 0.70n 62.17no 47.421 -2.16k 128.330p 0.17qr 12.55fg 12.36jk
GN15 H2 S2 0.75kI 40.93uv 53.87i -3.86de 139.33ij 0.08w 9.36n 9.500p
GN15 H2 S3 0.80jk 41.25u 47.12m -4.22ab 156.66ef 0.01z 5.11v 4.46vw
GN15 H3 SO 0.660 113.91ef 32.32v -1.25v 124.66s 0.291 10.231 11.261
GN15 H3 S1 0.72mn 49.95q 36.74t -2.16k 126.66qr 0.17qr 9.63mn 7.56s
GN15 H3 S2 0.74lm 48.80qr 36.46t -3.80e 135.001 0.08w 6.28u 4.06w
GN15 H3 S3 0.83j 17.96w 31.83v -4.23ab 140.00i 0.01z 1.21z 1.43z

R owon] )l‘>k5:"“° R JL:;.&' cfa.»: , LSD u9*°)l uuLul » suLMSv g_§)> ‘_gblo ‘_;lmu.i,u ES
* Means followed by the same letter are not significant at P<0.05, according to LSD Test.
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Figure 1. Mean comparison interaction effect of year and rootstock on specific leaf area of almond
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Figure 2. Mean comparison interaction effect of year and rootstock on leaf stomatal conductance, photosynthetic rate
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Table 2. Mean comparison interaction effect of rootstock, HA and salinity on elements concentration of almond leaf

Treatments Na (%) Cl (%) K (%) N (%)
Seedling HO SO 0.27uv 0.19xy 3.56ij 3.21gh
Seedling HO S1 0.51qr 0.55t 3.01l 2.38no
Seedling HO S2 1.11kl 1.371 1.82uv 1.52rs
Seedling HO S3 1.94c 2.82f 0.86yz 0.55w
Seedling H1 SO 0.24vw 0.19xy 3.76h 3.51f
Seedling H1 S1 0.44r 0.62st 2.75n 2.54kl
Seedling H1 S2 1.021 1.44jk 2.07s 2.00p
Seedling H1 S3 1.74de 2.91c 0.86yz 1.10t
Seedling H2 SO 0.19v 0.12z 4.21d 4.17bc
Seedling H2 S1 0.42rs 0.44u 3.22k 3.54f
Seedling H2 S2 0.83mn 1.35Im 2.420p 3.12h
Seedling H2 S3 1.58fg 2.61g 1.25y 2.40m
Seedling H3 SO 0.13x 0.12y 4.19d 4.08c
Seedling H3 S1 0.37st 0.48u 2.971 3.57f
Seedling H3 S2 0.680p 1.30m 2.16rs 3.13hi
Seedling H3 S3 1.46gh 2.47h 1.27y 2.270p

GF677 HO SO 0.24vw 0.16y 3.81gh 3.46f
GF677 HO S1 0.32tu 0.53t 3.60ij 3.46m
GF677 HO S2 0.59pq 0.74qr 3.51j 1.76q
GF677 HO S3 1.33i 1.68i 1.65w 0.72v
GF677 H1 SO 0.22vw 0.16y 3.95ef 3.66ef
GF677 H1 S1 0.26uv 0.51tu 3.75h 3.21g
GF677 H1 S2 0.40rs 0.73qr 3.51j 2.05p
GF677 H1 S3 1.18jk 1.69i 1.77v 1.14t
GF677 H2 SO 0.13x 0.09z 4.54a 4.21bc
GF677 H2 s1 0.22vw 0.31vw 4.18d 3.77d
GF677 H2 S2 0.38st 0.70rs 3.81gh 3.49f
GF677 H2 S3 1.06l 1.46jk 1.87u 2.58k
GF677 H3 SO 0.06y 0.08z 4.34bc 4.28ab
GF677 H3 S1 0.17wx 0.27wx 4.24cd 3.71de
GF677 H3 S2 0.37st 0.69r 3.86fg 3.47f
GF677 H3 S3 0.75n0 1.40kI 1.91Im 2.56k
GN15 HO SO 0.26st 0.26wx 4.25¢cd 3.04i
GN15 HO S1 0.81mn 0.870 3.26k 2.08p
GN15 HO S2 1.67e 2.89ef 2.93Im 0.73v
GN15 HO S3 3.09a 4.12a 1.37x 0.43xy
GN15 H1 SO 0.27st 0.21x 4.01e 2.65jk
GN15 H1 S1 0.76no 0.90no 2.71n 2.14p
GN15 H1 S2 1.67e 2.94de 2.29q 1.05tu
GN15 H1 S3 3.07a 3.94bc 0.64z 0.34y
GN15 H2 SO 0.21vw 0.16y 4.36bc 3.28g
GN15 H2 S1 0.700p 0.78pg 2.88mn 2.49Im
GN15 H2 S2 1.41hi 2.92de 2.34pq 2.00p
GN15 H2  S3 2.48b 3.84c 0.84yz 1.44s
GN15 H3 SO 0.15wx 0.13y 4.36bc 3.19gh
GN15 H3 S1 0.51qr 0.810p 2.92Im 2.290p
GN15 H3 S2 1.34i 2.91e 2.430p 1.80q
GN15 H3 S3 2.42b 3.80c 0.85yz 1.55s

R owon] )l‘>k5:"“° R JL:;.&' cfa.»: , LSD u9*°)l uuLul » suLMSu g_§)> ‘_;Uo ‘_;lmu.i,u ES
* Means followed by the same letter are not significant at P<0.05, according to LSD Test.
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Figure 3. Mean comparison interaction effect of year and rootstock on leaf potasium comcentration of almond
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Table 3. Correlation coefficients between morphopysiological and biochemical characteristics of almond rootstocks

SLA RDW/SDW Carbohydrates Na  Cl K Nooosmotic g ey T
potential
SLA 1.00 - - - - -
RDW/SDW 0.2 1.00 - - - - - -
Carbohydrates +053"  +0.60” 1.00 - - - - -
Na 088"  +021" 065 1.00 - - - - -
cl 090"  +042 -0.63" +0.96™ 1.00 - - - -
K +094™ 016" +0.68™ 0947 0947 1.00 - - - -
N +093" 0.6 +0.49 053" -096™ +0.94" 1.00 - - -
Osmotic potential  -0.78"  -0.23™ +0.677 089" -095" +0.937 +0.907 1.00 - -
sl 0807  +0.16" 054" +0.93” +0.89™ -0.86" -054" 079" 1.00 -
gs +0.757  +0.24™ +0.63” 078" -0747 +0.847 +021° 0737 -0.757 1.00
Pn +0.65"  +0.53"™ +0.59™ 074" -069™ +0.76" +0.67" -063" -0.777 +0.93™ 1.00
T +0.717  +0.13" +057" 070" -0747 +0.76" +0.67" -0.66" -0.707 +0.917 +0.92” 1.00

Al e doy mhy g due ) S Jleiol mhaw (o o sixe glas g lo sixe Dgldl pae o Sy 1k g sk NS
ns, * and **: non significant, significant at the 1 and 5% of probability levels probability, respectively .
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