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Table 1- Chemical analysis results of used water

robe K P Na Ca Mg Fe  Mn Zn  Cu CF HCo3  pH EC
Minerals g P (dS/m)
Concentration 4.1 0/08 41 38 15 03 0.03 1.3 0 25 52 7.2 0.52
(mg L)
Slow Jlosl 31 g Ll yd S PH (ST g padS’ Ol yS o p3le -F Jgoa
Table 2- Calcium bicarbonate and soil pH reaction in the pots after treatment
S L ,S OlySe PH Sl STy

Calcium bicarbonate
Ca(HCOz3)2 (g LY

Bicarbonate (mM L)

pH (Soil reaction)

0 (control) sals

1.62
3.24
4.86
6.48

0 7.4
10 7.55
20 7.65
30 7.9
40 8.8
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Figure 1- The interaction effect of cultivar xbicarbonate concentration on chlorophyll index of almond cultivars grafted on
GN15 rootstock. (DMRT, p<0.05)
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Figure 2- The effects of cultivar and bicarbonate concentration on variable fluorescence (Fv) of almond cultivars grafted on
GN15 rootstock. (DMRT, p<0.05)
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Table 4- The interaction effect of cultivar xbicarbonate concentration on physiological characteristics and growth traits of
almond cultivars grafted on GN15 rootstock
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Cultivar Calcium Chlorophylla  Chlorophyllb  Carotenoid Fluorescence Fluorescence
bicarbonate min max
A 200 0 0.936 ab 0.869 a 0.448 c-e 207 o-t 1025 a-c 0.977 b-e
10 0.924 a-d 0.708 d-g 0.458 b-d 210 k-s 999 a-g 0.847 a
20 0.900 a-h 0.587 Im 0.437 c-g 216 f-0 979 b-j 0.779 b-I
30 0.810 k 0.573q 0.375 k-p 220 d-i 952 f-n 0.769 e-n
40 0.703 op 0.486 Q-s 0.318qr 223 c-g 913 1-0 0.754 1-0
e 0 0.919 a-d 0.758 ab 0.451 c-e 205 p-u 1031 ab 0.800 b-d
Sahand
10 0.912 a-f 0.727 bcd 0.422 e-g 207 o-t 1001 a-g 0.792 b-g
20 0.789 e-i 0.647 k 0.395 h-m 210 k-s 969 d-I 0.782 b-I
30 0.818 jk 0.506 q 0.395 h-m 214 h-p 937 h-o 0.771d-n
40 0.662 q 0.468 r-t 0.390 h-n 220 d-i 898 n-p 0.754 1-0
9-7 0 0.910 a-g 0.696 e-g 0.364 I-p 204 g-v 1027 a-c 0.800 bc
10 0.903 a-h 0.659 h-k 0.369 k-p 207 n-t 1001 a-g 0.792 b-g
20 0.808 k 0.583 Im 0.348 0-q 212i-q 961 d-m 0.778 b-m
30 0.729 mno 0.495 qr 0.348 0-q 220 d-i 898 n-p 0.754 I-0
40 0.554 r 0.373 k 0.277 st 227 a-e 793 g-r 0.721 pq
13-40 0 0.917 a-e 0.748 a-c 0.437 c-g 215 h-o 1014 a-e 0.787 b-i
10 0.937a 0.723 c-e 0.453 c-e 219 e+ 1003 a-g 0.780 b-I
20 0.885 d-i 0.708 d-g 0.444 c-f 224 o-f 975 b-k 0.769 e-n
30 0.814 k 0.649 jk 0.400 g-1 228 a-d 948 g-n 0.758i-0
40 0.761 Im 0.546 0 0.338 p-r 232ab 917 k-0 0.745 m-o0
e ) 0 0.915 a-e 0.638 k 0.438 c-g 196 v 1007 a-g 0.805 b
Mamaei
10 0.910 a-g 0.633 h-k 0.451 c-e 189 uv 988 a-h 0.799 b-d
20 0.870 hi 0.678 g-j 0.420 e-j 201 t-v 986 a-i 0.796 b-e
30 0.809 k 0.457 s-u 0.368 k-p 202 s-v 949 g-n 0.787 b-i
40 0.721 nop 0.409 vw 0.339rs 209 I-t 899 n-p 0.766 f-n
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The same letters in each column indicate no significant difference between the numbers at 5% of probability level using Duncan’s
Multiple Range Test
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Continued Table 4- Theeffect of cultivar and bicarbonate concentration on physiological characteristics and growth traits of
of almond cultivars grafted on GN15 rootstock
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Cultivar Ca'cium Chlorophyll a Chlorophyll b Carotenoid Fluorescence F|uorescenc
bicarbonate min max
sl . 0 0.891 c-i 0.595 Im 0.497 ab 203 r-v 1011 a-f 0.798 b-e
Kaghazi
10 0.880 e-i 0.566 m-o0 0.499 a 206 g-v 1000 a-g 0.793 b-g
20 0.856 ij 0.545 op 0.502 a 213i-q 989 a-h 0.784 b-k
30 0.868 hi 0.512q 0.505 a 215g-0 968 c-I 0.777 b-m
40 0.797 Im 0.515 pq 0.443 c-f 217 f-m 925 j-0 0.765f-n
1-25 0 0.889 c-i 0.579 I-n 0.467 a-c 209 I-t 1018 a-d 0.794 b-f
10 0.920 a-d 0.549 no 0.494 ab 209 I-t 995 a-h 0.788 b-h
20 0.886 c-g 0.564 m-o0 0.471 a-c 213i-q 917 k-0 0.775¢c-m
30 0.816 k 0.455 s-u 0.407 f-k 216 f-n 920 k-0 0.764 g-1
40 0.764 Im 0.448 tu 0.346 0-q 222 b-g 908 m-o 0.755 k-0
l9 0 0.898 b-g 0.678 g-j m-q+0.35 208 m-t 1030 ab 0.785 b-i
Supernova
10 0.875 f-i 0.685 f-i 0.382i-0 210j-s 1000 a-g 0.788 b-h
20 0.808 k 0.639 k 0.337 p-r 213 h-p T47 ¢ 0.774 ¢c-n
30 0.682 pq 0.388 wx 0.254 t 219 e-i 8770p 0.749 m-o0
40 0.493 s 0.338y 0.3159-s 229 a-c 780 qgr 0.705q
1-16 0 0.900 a-h 0.779 a 0.422 d-i 210 k-s 993 a-h 0.789 b-h
10 0.905 a-h 0.690 f-h 0.417 e-j 212i-r 954 e-n 0.766 b-m
20 0.898 b-h 0.658 i-k 0.419 d-j 213 h-p 926 i-0 0.769 e-n
30 0.747 mn 0.495q 0.361 I-p 217 f-k 895 n-p 0.756 j-o0
40 0.574r 0.435 uv 0.306 rs 230 a-c 839 pq 0.734 op
4L, GN15 0 0.924 abc 0.575 ab 0.383i-0 210n-s 1039 a 0.797 b-e
Roostock 10 0.903 a-h 0.763 2 0.392 h-m 214h-p 1028ac  0.791b-g
20 0.872 gi 0.717 d-f 0.380 j-0 218 f-k 1003 a-g 0.781 b-I
30 0.822 jk 0.604 1 0.383i-0 224 b-g 937 h-n 0.760 h-o
40 0.553 r 0.359 xy 0.360 I-p 233a 739r 0.683 q
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The same letters in each column indicate no significant difference between the numbers at 5% of probability level using Duncan’s
Multiple Range Test.
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Figure 3- The interaction effect of cultivar xbicarbonate concentration on current season branch height of of almond
cultivars grafted on GN15 rootstock. (DMRT, p<0.05)
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Figure 4- The effect of cultivar xbicarbonate concentration on current season branch diameter of of almond cultivars grafted
on GN15 rootstock. (DMRT, p<0.05)
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Figure 5- The interaction effect of cultivar xbicarbonate concentration on leaf length of almond cultivars grafted on GN15
rootstock. (DMRT, p<0.05)
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Figure 6- The interaction effect of cultivar xbicarbonate concentration on leaf width of almond cultivars grafted on GN15
rootstock. (DMRT, p<0.05)
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Introduction: Iron chlorosilicon caused by calcium carbonate can be controlled widely with iron chelate in
nutrition management of gardens, but it has high costs and potential environmental hazards. Such constraints
have led to alternative strategies for managing iron nutrition in relation to soil and plant parameters. Almond
rootstocks and almond x peach hybrids (GF 677) are widely used as the rootstock for almonds, peaches and
nectarines in the Mediterranean basin, moreover, in addition to its drought resistance, has a high tolerance to iron
chlorosis. Different references of almond tree have introduced this fruit tree as a chlorosis resistant, but it shows
different ranges of chlorosis when grafted on almond x peach hybrids such as GF677 and GN15. Therefore, this
study carried out to evaluate the effect of calcium bicarbonate on some physiological characteristics of selected
almond cultivars on the GN15 rootstock.

Materials and Methods: This research was conducted during 2015 and 2016 to evaluate the resistance to
bicarbonate and the amount of chlorosis produced in selected almond cultivars on the hybrid rootstock (peach
and almond) as a factorial experiment with completely randomized design with three replications in greenhouse
conditions. The first factor consisted of different concentrations of calcium bicarbonate (0, 20, 10, 30 and 40
mmol L?) and the second factor included nine selected almond cultivars grafted to the GN15 rootstock and a
GN15 (non-grafted) rootstock. Almond cultivars included 9 cultivars including Supernova, 25-1, 40-13, Mamaei,
16-1, Kaghazi, Sahand, 200A, 7-9, and GN15 rootstock. Each plot included a pot, where the rootstock planted.
In the spring, the cultivars and GN15 rootstock planted in plastic pots with soil compositions including perlite
(50%) and cocopeat (50%). After sufficient growth of these rootstocks in the pots, almond cultivars were grafted
onto them and immediately after the transplantation, the calcium bicarbonate treatments began after proper
growth of the scions. In order to apply bicarbonate treatment, 1.62, 3.23, 4.86 and 6.48 g L* calcium bicarbonate
(Ca (HCos) 2) were added to the pots. In addition, 10% of calcium bicarbonate added also to the pots because of
the deficiency of 10% chemical purity. After applying the treatments, chlorophyll, chlorophyll a and b,
carotenoids, chlorophyll fluorescence were measured in two stages at intervals of 30 and 90 days. After the end
of the growth period, the length and diameter of the current season branches and the leaf length and width of
each almond cultivar were measured and recorded in different treatments. Two-way ANOVA of the data was
carried out using SAS software (v. 8.02, SAS Institute, Cary, NC) and the means were compared based on
Duncan’s multiple range test.

Results and Discussion: Based on the ANOVA results, it was determined that the effects of calcium
bicarbonate, cultivar and their interactions on the content of chlorophyll a and b were statistically significant
(p<0.01). The lowest decrease levels of chlorophyll a and b were found in the leaflets of Kaghazi, Mamaei,
saplings, 25-1, and 40-13 cultivars, but the highest decrease was observed in Supernova cultivar, 7-9, and GN15.
The reasons for decreasing the chlorophyll content of the leaf with the increase of bicarbonate levels can be
related to iron deficiency and its deactivation and the role of iron in the synthesis of chlorophyll. Nevertheless,
the difference for chlorophyll depletion at different levels of bicarbonate in different cultivars can be due to the
capacity of these cultivars to tolerate higher levels of bicarbonate and the possibility of the synthesis of
chloroplastic proteins in leaf cells even with a relative lack of iron. In all cultivars, as well as the GN15
rootstock, the level of carotenoids decreased with increasing concentrations of calcium bicarbonate. However,
the response of the cultivars was different. Under bicarbonate conditions, reducing leaf iron concentration

1- Associate Professor, Horticultural Sciences Research Institute, Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran

2- Assistant Professor, Horticulture Crops Research Department, Hamedan Agricultural and Natural Resources
Research and Education Center, AREEO, Hamedan, Iran

(*- Corresponding Author Email: k.parvizi@areeo.ac.ir)

3- Ms. Degree of Horticulture Crops Research Department, Hamedan Agricultural and Natural Resources Research and
Education Center, AREEO, Hamedan, Iran

4- Associate Professor, Horticultural Science Department, Islamic Azad University, Karaj, Karaj, Iran



IR Ll Y olods FF alor (559l gluo g pole) SLel pole 4y pis  YYF

reduces chlorophyll and carotenoids. The results of the mean comparison showed that bicarbonate induced
height growth reduction and branch diameter in the current season, while the reaction of the studied rootstocks
were also different. So that the highest decrease in growth rate was observed in Supernova, 7-9 cultivars and
GN15 rootstock and the lowest decrease of growth rate were found in the cultivars of Kaghazi, 1.25-1 and -40-
13. High concentrations of bicarbonate, by disabling and decreasing iron absorption, indirectly reduces DNA
synthesis, cell division, and thus decreases cell growth and plant biomass. The results of this study are in
agreement with Ghasemi et al. (2010) in different responses of the rootstock to bicarbonate concentration on the
height and diameter decreasing of current season branch. Mean comparison of data showed that the length and
width of leaf area in all studied cultivars decreased with increasing concentration of calcium bicarbonate in
irrigation water. Also, leaf length and width decrease in rootstock grafted cultivars had a significant difference,
so that the lowest reduction in leaf length and width was in pepper, midwifery and 25-1, and the highest leaf area
decrease in Supernova cultivars, 7-9 and GN15 base was observed. Leaf growth decreases in calcareous soils
due to a decrease for iron in the symplast. The specific effects of high bicarbonate on leaf growth in almond
cultivars and the different reaction of almond rootstocks in this study are in agreement with Tedaion et al. (2004)
results in orange, as well as Wahom et al. (2001) in olive and peach.

Conclusion: Totally, the results of this study indicate that cultivar and rootstock cause the amount of
chlorosis tolerance induced by calcium bicarbonate. In general, in terms of morphological and physiological
traits studied in this research, Kaghazi and 25-1 cultivars are the most tolerant, while 7-9 and supernova are the
most sensitive cultivars to bicarbonate.
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