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Abstract

Introduction

Grape is one of the most important horticultural crops and economically produced in world and
Iran which is cultivated in a wide range of climatic conditions. Duo to the difficulties of
cultivating grape is its relatively sensitive to salinity stress. Salinity can cause significant
anatomical changes in the internal tissues of plant organs. The effect of using low-quality water
on the anatomical structure of grapevine organs has not yet been studied. This study aimed to
evaluate the structural behavior of roots, stems, leaves, petioles, and main veins of grape leaves
in Yaghooti cultivar under progressive salt stress.

Materials and Methods

This study was carried out based on a completely randomized design with three replications during
two consecutive years 2020-2021. Salinity treatment at four levels, including zero (control), 25, 50,
and 100 mM NaCl on one year old rooted cuttings under greenhouse conditions. Plant various
organs consisting of roots, stems, leaves, petioles, and main veins were microscopically investigated
through the conventional methods of sampling, fixing, sectioning and staining.

Results and Discussion

In the stem, the epiderm thickness increased until 50 mM level, and decreased in 100 mM level.
In 100 mM, sclerenchyma thickness, pith diameter, and vascular bundles number increased,
while collenchymas thickness, cambium, phloem, metaxylem, protoxylem, and stem cortex
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decreased. In the root, cortex thickness reduced, but the vascular bundles’ thickness, their
number, as well as pith and vascular cylinder diameters increased, and more periderm thickness
as well as the centralization of xylem vessels toward pith tissue were observed. In the petiole, in
100 mM level, an increase in sclerenchyma thickness and vascular bundles number was
observed along with a decrease in phloem thickness, cambium, metaxylem, protoxylem, and
cortex. In the leaf and main vein, palisad parenchymal cells became smaller and denser with an
increase in their number; furthermore, a decrease in spongy parenchymal cells thickness along
with the increase of their intercellular space and the increase of epiderm thickness were
observed. In addition, vascular bundles number, sclerenchyma thickness, and pith diameter
increased, while the decrease of vascular bundles’ thickness and collenchymas thickness was
found in the main vein. Moreover, a large number of salt crystals were observed in all the plant
organs, especially in the roots.

Conclusion

Overall, the results of this study revealed that salinity stress caused changes in the anatomical
structure of roots and various aerial organs in Yaghooti grapevine saplings. It appears that at a
stress of 100 mM salinity, the increase of epiderm and sclerenchyma thickness in the aerial
organs contributed to preventing transpiration and preserving water content. Besides, periderm
thickness at the root as a physical barrier to further absorption, transport of soluble substances,
and protection of vascular cylinders helped the plant to tolerate salinity conditions. In addition,
a large number of vascular bundles were involved in the secondary uptake of salt in the
surrounding parenchymal cells. Therefore, most of the anatomical changes in the studied organs
can be considered as a kind of adaptation to increase the chances of the plant survival against
salinity.
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Table 1. Leaf anatomical characteristics in grapevine subjected to salt stress

NaCl (mM) ET (um) SPT (um) PPT (um) PPCN PPCD (um)
0 53.1+0.8d 70.9+1.3a 125.4+1.3a 35.0+0d 36.84+0.4a
25 63.1+0.3¢ 67.2+0.6b 120.9+2.1b 36.0+0c 31.2+0.8b
50 73.2+0.4b 57.7+1.5¢ 105.8+1.1c 38.0+0b 26.7+1.1¢
100 82.5+2.9a 45,7+1.2d 90.8+1.3d 51.0+0a 22.8+0.8d

Columns with different letters indicate significant differences from the Duncan test (P<0.05). Values are means of five repetitions + SD. ET= Epiderm
thickness; SPT= Spongy parenchyma thickness; PPT= Palisade parenchyma thickness; PPCN= Palisade parenchyma cells number; PPCD= Palisade

parenchyma cells diameter; SCrN= Salinity cristal number.

B

Figure 1. Effect of various salinity treatments on leaf blade anatomy of Yaghooti grape. (A) Control (OmM), (B)
25mM, (C) 50mM, (D) 100mM, upper epiderm cells (U.E), Palisade parenchyma tissue (P.p), Spongy
parenchyma tissue (S.p), Lower epiderm cells (L.E), Obj*20
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Table 2. Stem, petiolule and leaf main nervure anatomical characteristics in Yaghooti grapevine subjected to salt stress

NaCl ET CT CoT ScT PT XT CaT MxT PxT PD SCN MxD VN
(mM) (pm) (pm) (pm) (pm) (pm) (pm) (pm) (pm) (pm) (pm) (pm)
0 25.9+0.1c 116.2+11.4a 83.7+0.4a  86.8+1.1d 305.843.5a 636.8+0.4a 71.9+0.7a 490.7+4.7a 93.7+1.1a 674.2+11.8d 0d 60.2+3.6b  35+1.0d
q&) 25 27.6+0.2b  95%5.8b 64.6£2.4b  111.9£4.9c 243.5+1.9b 434.6+2.7b 49.7439b 343.1+2.8b 86.8+4.7b  753.7412.9c 1lc 68.5+3.4a  37.6+0.5¢
% 50 34.02+0.3a  81.8+t1.6c  52.2+2.1c 159.748.1b 127.3+1.4c 346.849.9c 37.7+0.7c  282.5t1.6¢c 75.7+3.3¢c  851.4+7.9b 8b 49.9+1.8c  40+1.0b
100  15.05+0.9d 52.5+4.9d 45.8+52d 179.7+2.1a 97.3+1.9d 226.8+2.6d 21.4+1.1d 190.8+5.5d 53.3+1.3d 958.2+24.2a 12a 35.3+1.2d 44+1.0a
o 0 14.03+0.6d 239.1+2.4a 81.2+0.7d 18.07+1.1d 85.3+3.9a  244.5+0.6a 29.6t1.4a 179.6+0.6a 84.5+1.2b 918.2+#53.1c 2d  20.4+0.2a 32.6+0.5¢
% 25 17.6+1.4c  209.5+2.7¢ 138.6+4.3¢c 26.6+0.8c  75.4+29b 229.7+1.1b 24.1+0.3b  149.1+5.1b 93.5t54a 974.4%14.1c 3c 17.5+£0.9b 32.6+0.5¢
E 50 22.9+0.5b  218.8+2.3b 165.3x4.6a 40.2+1.1b  68.7+0.8c  202.9+0c 22.1+0.3¢  128.0+0.4c¢ 82.6+2.1b  1050.2+6.8b 4b  16.7+0.6¢c 34.3+0.5b
100 27.5%1.1a 194.3+2.2d 146.6+2.2b 47.07+x1.2a 60.740.6d  145.3+1.1d 14.1+1.2d 95.4+0.8d 70.6+5.6¢c 1150.6+37.9a 6a 11.9+0.6d 36.6+0.5a
. 0 18.940.8¢  231.8%6.5a 93.8£52b  26.5t1.2d 72.6%1.7a 194.9+6.2a 28.7+1.7a 138.6+1.2a 49.6t2.1a  283.3+2.6¢ 2d  24.8+1.8¢ 8.6+0.5¢
g g 25 21.4+1.1b  184.7+13.3b 109.747.8a 30.1£1.3¢  67.3+2.4b  178.9+4.2b 24.3+1.1b 135.7+1.4b 55.74#1.9b  336.6+3.5b 3¢ 45.3+2.1a 9.6%0.6b
T‘? 50 25.7+0.5a  121.6+2.4c 51.9+7.5¢ 57.3x1.1b  56.1#2.3¢c  157.5%£3.2¢ 20.5%0.7c  120.7+0.8¢ 46.3+x1.8c  345.5+0.3b 5b  29.4+0.9b 11+0a
- 100 16.6£1.1d  120.3x1.7¢ 44.03209c 68.3+2.1a  44.9+0.6d 140.3+1.1d 12.741.2d 117.7+1.5d 36.8+1.3d 456.8+16.3a 7a 18.5+0.6d 11.6+0.5a

Columns with different letters indicate significant differences from the Duncan test (P<0.05). Values are means of five repetitions + SD. ET= Epiderm thickness; CT= Cortex thickness; CoT= Collenchyma thickness;
Sc= Sclerenchyma thickness; PT= Phloem thickness; XT= Xylem thickness; CaT= Cambium thickness; MxT= Metaxylem thickness; PD= Pith diameter; SCN = Salinity crystal number; MXD= Metaxylem aperture

diameter; VN= Vessel number.

Table 3. Root anatomical characteristics in Yaghooti grapevine subjected to salt stress

NaCl (mM) VN PT (um) CT (um) VCD (um) XT (um) PT (pm) MxD (um) CaT (um) PD (um) SCN
0 9d 17.5+£0.8d 287.4+2.2a 715.8+3.5d 255.3+3.1d 92.9+0.5d 28.2+2.7d 54.8t1.6a 38.1+0.5d 5d
25 10c 36.5£0.9¢ 283.1+1.8b 981.3+48.2¢ 363.8+2.3¢c 115.5+0.6¢ 46.2+0.5b 40.5+1.8b 64.6x1.9¢c 8c
50 16b 43.3+1.1b 223.8+2.3¢ 1140.1+24.5b 406.6+1.9b 154.3+2.8b 56.5£3.5a 29.4+0.9¢ 113.3+1.7b 13b
100 18a 48.610.7a 180.3+0.9d 1209.7£30.1a 539.4£1.9a 199.5+3.3a 36.4£3.5¢ 25.7+0.8d 193.1+£9.3a 22a

Columns with different letters indicate significant differences from the Duncan test (P<0.05). Values are means of five repetitions + SD. VN= Vessel number; PT= Periderm thickness; CT= Cortex thickness; VCD= Vescular

cylinder diameter; XT= Xylem thickness; PT= Phloem thickness; MXD= Metaxylem aperture diameter; CaT= Cambium thickness; PD= Pith diameter; SCN = Salinity crystal number.
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Figure 2. Effect of various salinity treatments on petiole anatomy of Yaghooti grape. (E) Control (0mM) (obj*10),
(F) 25mM, (G) 50mM, (H) 100mM. Epiderm (E), Collenchyma (Co), Cortex parenchyma (Co.p),
Sclerenchyma (Sc), Pheloem tissue (Phl), Cambium (Ca), Metaxylem (mxy), Protoxylem
(pxy), Pith (Pi), Salinity crystal (Cry). Obj*20
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Figure 3. Effect of various salinity treatments on leaf main vein anatomy of Yaghooti grape. (I) Control (0mM), (J)
25mM, (K) 50mM, (L) 100mM. Upper epiderm cells (U.E), Lower epiderm cells (L.E), Collenchyma (Co), Cortex
parenchyma (Co.p), Sclerenchyma (Sc), Pheloem tissue (Phl), Cambium (Ca), Metaxylem (mxy), Protoxylem

(pxy), Pith (Pi), Salinity crystal (Cry), Trichome (Tri). Obj*20
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Figure 4. Effect of various salinity treatments on stem anatomy of Yaghooti grape. (M) Control (OmM),
(N) 256mM, (O) 50mM, (P) 100mM NaCl. Epiderm (E), Collenchyma (Co), Cortex parenchyma
(Co.p), Sclerenchyma (Sc), Pheloem tissue (Phl), Cambium (Ca), Metaxylem (mxy), Protoxylem (pxy), Vescular
Ray (Ra), Pith (Pi, Salinity crystal (Cry). Obj*10

Figure 5. Effect of various salinity treatments on root anatomy of Yaghooti grape. (Q) Control (0mM), (R) 25mM, (S)

50mM, (T) 100mM, Periderm (Pe), Pheloem tissue (Phl), Cambium (Ca), Xylem tissue (Xy), Vescular ray (Ra), Cortex
parenchyma (Co.p), Pith (Pi), Salinity crystal (Cry). Obj*20
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