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Plasticity of root morphology of Ziziphus jujuba var. spinosa in response to

natural drought gradient ecotopes
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Joint International Research Laboratory of Agriculture and Agri-Product Safety, the Ministry of Education of China, Institutes of Agricultural Science and
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Abstract; Water and nutrition are mainly uptaken by the root system, and the root system is directly grown in the soil and
is sensitive to stress. In arid environments, the structure of the root system could be changed to maintain normal biology
function and adapt to stress conditions. To date, most of the studies have focused on the structure or morphology of root
system responses to single stress factors. However, less attention has been concentrated on the adaptive mechanism of the
entire root structure to different ecotopes. Therefore, this study explored the root morphological plasticity of Ziziphus jujuba
var. spinosa in response to natural drought gradient ecotopes. Root samples were selected from Yantai-Shijiazhuang-
Yinchuan-Turpan of China. The four ecotopes formed a natural drought gradient environment according to their soil
moisture,, annual precipitation, and humidity coefficients. The purpose of this study was to elucidate the mechanism of root
plasticity response to different environments caused by climate change. The results showed that root primary structure of

Ziziphus jujuba var. spinosa included the epidermis, cortex, and vascular cylinder. The epidermis is on the surface of the
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young root, which is constituted by a single layer of epidermis cells that are small and arranged closely. The cortex takes the
greatest proportion of the primary structure, and it is constituted by a larger quantity of parenchymal cells. The vascular
cylinder is located in the innermost layer, and the cells are small and crowded together. It is composed of pericycle, primary
xylem, primary phloem, and parenchymal cells. When drought aggravated, the thickness and width of the epidermis cells
were increased. In addition, the thickness, width, and number of plies of parenchymal cells, and the thickness of the cortex
were all largest at the Yinchuan ecotope. The root secondary structure of Ziziphus jujuba var. spinosa was divided into
periderm ( phellem layer, phellogen, phelloderm) and secondary vascular tissue ( secondary phloem, vascular cambium,
secondary xylem). As the drought intensified from Yantai to Turpan, the thickness and density of periderm was gradually
increased. In addition, the diameter and quantity of vessels in secondary xylem were increased. These results illustrated that
one of the adaptive mechanisms of plant to drought stress is the changes in the plasticity of root structure that enhance water
uptake capacity and water transport efficiency. On the other hand, it improves water retaining capacity and decreases water

desorption.
Key Words: Ziziphus jujuba var. spinosa ;root plasticity ;drought gradient ; ecotope ; adaptive mechanism
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Fig.1 Primary structure of root in Zizyphus jujuba var.spinosa in different regions
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Fig.2 Changes in thickness and width of epidermis cell in primary structure of root in different regions
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Fig.3 Changes in thickness and width of parenchyma cell of cortex in primary structure of root in different regions
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Fig.4 Thickness of cortex and number of plies of parenchyma cell in primary structure of root
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Fig.5 Changes in thickness and width of pericycle cell and area of vascular cylinder in primary structure of structure of root
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Fig.6 The secondary structure of in Zizyphus jujuba var.spinosa

FAE BRI A L5 7 iR AR Z B SR BT, Yo TR, AR TE 2 RS P 2 41 i
WARLE AL A AN TR, & B (1] 7Y 1,781 7N1 ., 7X1) . K22 ABRIERIZ BN ZESFRE K, fE
B BLAR A 10 , XA P AR AP E R . O AR K T A M 5k B AR 22, A B e JEE 35 B, HE 91 K TR U2 I R (
7Y2.7S2 IN2.7X2) . WAEARBTH A, S5 S Rk, FEEERZ (K 7Y3 733 7TN3.7X3) , 4%
SERA ALK BH L A HES R 5T (K 7Y4 784 TN4 7X4) . W& 20 st 6 35 b A= 55 5
], P AT AR AR 2R J) B i I S B0 B v o R AR AR BT oy, S AL B S5 A S 1 e 5 3 b 1Y
®Z R 101.6 4, WG A FE T EEN 53T 73.68% .30.93% 1 9.25% ( P<0.05) (K 8A) , BET
I, S B BARMARKIE R 4 DFEHLEY -2 A8 BRI 58.64 .63.61.,69.43 um 172,76 pm, Hrp
PUBTSRn: E 2 19K, 73l m T H B HLIX 24.08% (14.38% F1 4.8% (P<0.05) (&l 8B) , Ui B FE 4L &+ R ER 5

http ; //www.ecologica.cn



16 3 R AR TRAR RS AT SRS SR E T 5 A B A AL 7

N BRA AR At T 2 A SR SRR e K S R HTACR i SRR 4 R

7 E X B AR E L5
Fig.7 The secondary structure of root in Zizyphus jujuba var.spinosa in different regions
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Fig.8 Changes in number and diameter of vessel in secondary structure of root
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