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Dynamic responses of physiology, biochemistry and structure of vegeta-

tive organs of Juglans nigra to salt stress
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Abstract: [Objective] This study aimed to investigate the physiological and biological responses and
anatomical stracture changes of Juglans nigra vegetative organs to persistent salt stress in order to un-
derstand the adaptation mechanism of J. nigra to salt stress. [Methods] Seedlings of J. nigra were
used as materials, and a 42-day pot experiment was conducted with four salt concentration gradients
(0 mmol - L", 50 mmol-L", 100 mmol-L", and 200 mmol - L™"). Functional leaves, stems, and first later-
al roots were collected at 14, 28, and 42 days after salt stress for the determination of physiological and
biochemical indicators as well as anatomical structure of the vegetative organs of the seedlings. The dy-
namic changes in physiology, biochemistry and anatomical structure of the seedlings were studied, and
the relationship between physiological, biochemical and anatomical parameters of the vegetative organs
was analyzed. Principal component analysis (PCA) was used to determine the salt tolerance evaluation
index of J. nigra. [Results] The relative water content (RWC) decreased with increasing salt concentra-
tion, reaching 56.15% under 200 mmol - L' treatment on the 42nd day of salt stress. The malondialde-
hyde (MDA) content, superoxide dismutase (SOD) activity, ascorbate peroxidase (APX) activity, and to-

tal flavonoid compounds (TPC) all significantly increased under salt stress. On the 14th day of stress,
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with the increase in salt concentration, the total phenolic content (TFC) and proline (Pro) content initial-
ly decreased then increased, and the total phenolic content (TFC) and proline (Pro) content increased
significantly under salt treatment at the 28th and 42nd day of stress. With the increase in salt concentra-
tion, the soluble protein (SP) content showed a trend of initial increase and subsequent decrease at the
14th day of stress, and increased at the 28th day, and showed a trend of initial decrease and subsequent
increase at the 42th day; There was no significant difference between the content of soluble sugar (SS)
under salt treatment and the control at the 14th day. With the increase of salt concentration, the content
of soluble sugar (SS) on the 28th day increased, and the content of soluble sugar (SS) on the 42nd day
increased first, then decreased and then increased. The palisade tissue thickness (PT) increased at first
and then decreased with the increase of salt concentration, and was increased significantly by treatment
at 50 mmol - L', and decreased significantly by treatments at 100 mmol- L' and 200 mmol - L' as com-
pared with the control. The spongy tissue thickness (ST) and leaf lamina thickness (LT) increased com-
pared with the control on the 14th and 28th day under salt stress, but decreased on the 42nd day. The
thickness of the upper epidermis (UE) under salt treatment increased on the 14th day of stress, in-
creased at first and then decreased on the 28th day after stress, increased significantly at 50 mmol - L',
and decreased significantly at 200 mmol - L', which was 26.06% lower than the control. With the in-
crease of salt concentration, the thickness of the lower epidermis (LE) decreased first and then in-
creased on the 14th day of salt stress, increased first and then decreased on the 28th day, and decreased
on the 42nd day. With the increase of salt concentration, the cell tightness ratio (CTR) and the ratio of
palisade tissue to spongy tissue (PT/ST) increased first and then decreased on the 14th and 42nd day,
and decreased on the 28th day. The cell porosity ratio (SR) increased with the increase of salt concentra-
tion on the 14th and 28th day. Subsequently it decreased at first and then increased on the 42nd day,
reaching the minimum value of 39.87% at 100 mmol - L. As the salt concentration increases, the thick-
ness of vascular bundle (VBT) of leaves decreased on the 14th day. It increased at first and then de-
creased on the 28th day, and decreased significantly at 100 mmol - L' and 200 mmol - L' on the 42nd
day. Leaf main vein diameter (MVT) and midrib protuberant degree (MPD) of leaves under salt stress
decreased significantly on the 14th day, increased first and then decreased with the increase of salt con-
centration on the 28th day, and decreased on the 42nd day. The thickness of the stem xylem tissue
(SXT) significantly increased under salt treatment, and reached the maximum value of 522.88 um under
200 mmol - L' treatment at day 42. The steam xylem thickness (SXT) significantly increased under salt
treatment, and reached the maximum value of 522.88 um under 200 mmol - L' treatment on the 42nd
day. As the salt concentration increases, the stem phloem thickness (SPhT) increased on the 14th day, in-
creased first and then decreased on the 28th day, and decreased significantly on the 42nd day at 100 and
200 mmol - L. The stem cortical thickness (SCT) significantly increased under salt treatment, reaching
a maximum value of 327.84 um on the 42nd day under 200 mmol - L' treatment. With the increase of
salt concentration, the stem periderm thickness (SPT) increased first and then decreased. Root diameter
(RD) and root cortical thickness (RCT) increased at first and then decreased on the 14th and 28th day,
and they decreased significantly at 50 mmol-L" and 200 mmol - L™ on the 42nd day. As the salt concen-
tration increases, root vascular bundle diameter (RVBT) decreased on the 14th day, increased on the
28th day, and decreased significantly on the 42nd day. With the increase of salt concentration, the root
periderm thickness (RPT) increased first and then decreased on the 14th day, decreased on the 28th day,
and decreased first and then increased on the 42nd day. The main components of root, stem and leaf un-

der different salt concentrations were significantly different in the three stress periods. RD, Pt/St, RCT,
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SPT, and CTR were the first principal components on the 14th day of stress, while PT/St, SCT, RPT,
SX T, SPT were the first principal components on the 28th day of stress, the first principal components
of stress on the 42nd day were VBT, SPT, SXT, MVT, and SPhT. The physiological and biochemical in-

dexes were correlated with the anatomical characteristics, and the anatomical structure of the stem was

strongly correlated with RWC, anti-reactive oxygen species (SOD.APX.TPC.TFC) and osmotic regu-

lators (Pro.SP.SS). TPC was closely related to mesophyll, vein and root diameter. SPT had strong cor-

relation with leaf veins. [Conclusion] J. nigra responded to salt stress by altering the structures of vege-

tative organs, increasing osmoregulatory substances, and enhancing antioxidants. Seedlings possess a

certain degree of salt tolerance ability when exposed to salt concentrations below 50 mmol - L. PT/ST,

SCT, SXT, and RD can serve as reliable indicators for screening salt-tolerant varieties in seedlings.

Key words: Juglans nigra; Salt stress; Vegetative organs; Anatomical structure; Physiology and bio-

chemistry; Comprehensive analysis
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Fig. 1 The effect of salt treatment on relative water content and Malondialdehyde in the leaves of J. nigra L. seedlings
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Fig. 2 The effect of salt treatment on the content of proline, soluble protein and soluble sugar

in the leaves of J. nigra L. seedlings
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Fig.3 The effect of salt treatment on SOD activity, APX activity, the content of total polyphenol content and total flavonoids
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Fig. 4 Cross section of leaf external morphology and tissue structure of J. nigra L. at 42nd day of salt stress
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FEA (B 4-K) . £200 mmol - L' 4bH K | R K
YT B 32 B A 5 WA A R L S AR, i
ARG 4 (B 4-HD , ik 2% Bz 40 M 52 48, TR AN #I
), BEUS AR, 10 G ANEE ST, B AR LA AR D S B
YR H A B AR /N (B 4-L)

24.1 a2 (PT) R 1AL, iy PT R A £
TP ()38 0 52 2 18 n J5 BEAR ) 2% . 50 mmol - L
ACFER 0 PT 3 & T BE, 78 W 38 5 42 Rk 2
B KAH 52.04 pum, 52 %F FE 1 1.45 % . 7518 25 28
K42 K, 100 mmol - L' ZbBE 5 6 BRAG % % 7 .
200 mmol - L' AT [ PT & 2K T 6 18, 7E i 2
28 FIk Fl 5/ ME 28.09 pm , BT A PR T 23.60%.
242 HH/WE(ST) Aot H (LT) HERI1ATUE
B S 14 %, ST AN LT Bl 5 £ ik B A 189 I 52 189
T # . 50,100 mmol - L' AbFE 5 % B8 % % =,
200 mmol - L™ kb3 ST AT LT & 2 & %, 23 il ik 5
7 69.22 um F1 128.05 pm, & XF [ 1) 1.26 £5 1 1.12
Yo WHEZE 28 K, ST AILT B Sk & /3 n 2.5
N fE AR . EhAAEE TR ST B3 & T iR,
£ 50 mmol - L' &b R R 1A £ 59.60 pm, J& X RE 11 1.28
W, AP 2 R ) LT A 535 2 5,200 mmol - L 4k

K B /NME 97.16 pm, 2 ZF K F 0,100 mmol - L
AEFE BN R AR T 7.67% . BB EE 42 K, ST
AILT B &b BE 2 8] 2 3% 22 7, 50 mmol - L' b BE R
I3 )3k B e KAH 72.58 145.89 um, & X B 1) 1.20
f%.1.19 f% , 7€ 100,200 mmol - L' &b ¥ R /) ST A1 LT
HB A FA T X HR L ST 7E 100 mmol - L Kb 2 R ik 51 %
/IME 39.18 pum, B0 BB AR T 35.05% , LT 500) Bl B
% T 20.08%.

243 EEREUE)ATFARK(LE) &1 ATH, B
1855 14 K, UE B & bk B2 (38 i 22 6 PR 5 T+
[ #a%h , 15 50100 mmol - L' 5 %} 8 2 (6] A % 57,
200 mmol - L™ &b F ik 21| £z KAH 16.92 um, B4 R B
FIN T 22.08%. 50 mmol - L' 4b¥ N LE &%
T3 IR, Bt BE R AR T 25.31% 5 /5 100 mmol - L' 4b
T 5 %} FE A 22 5,200 mmol - L AL P T % % 1f @
E AR T 11.84% . JHria 25 28 X, UE M LE i 45 #h
T RE (1) 19 0 5 5 1 I 5 BRI E ¥, UE A1 LE #1575
50 mmol - L' Ab T 2 35 5 Tk B, 43 i) 2 xf L
1.16 %A1 1.33 1% , £ 200 mmol - L AL FE T 43 il ik £ i
/IME 9.32.7.07 pm, 2 AL T4 R 2565 R 1Y) 69.50%
A181.45%. B2 42 K, UE 1 50,100 mmol - L' 5
X I8 2 [8] A 22 5%, 15 200 mmol - L' 20 FE R [ UE &
FACT X, O B FEAIC 1 26.06% . LE BAE #hk 2
3G 2 R RS, A S5 X R E R B, H
100200 mmol - L' kb B 2 [A] % A % 57, BBoxt HRBEAIK
7 28.90%-24.50%.

*1 BB THREBBEZHMREEMAZEHSH

Table 1 Leaf epidermis and mesophyll structure parameters of J. rnigra L. under salt stress

SEEITE . (Nac1
Processing 4y PT/um ST/um LT/um UE/um LE/um CTR/ % SR/% RT/ST
time/d (mmol-L™")
14 0 3487+2.47b  54.94+3.86b 114.82+£5.19b  13.86+1.33b 11.57+1.42a 28.65t1.63 ¢ 47.82+1.77 bc 0.63+0.06 b
50 41.45+092a  55.04£5.09b 118.20+3.63b 13.21+1.37b  8.64+1.13 ¢ 36.50£1.20a 46.62+4.62¢c 0.76+0.05 a
100 33.50+2.01 bc  58.93+5.88b 116.98+7.68 b  13.05+1.56b 12.36+1.91a 30.63+1.14b 50.69+6.84 ab 0.57+0.06 ¢
200 32.86+2.31 ¢ 69.22+8.45a 128.05£12.29a 16.92+2.11a 10.20+0.66b 25.52+1.13d 53.53+2.62a 0.48+0.03 d
28 0 36.76+3.67b  46.51+6.46¢c  105.24+7.53 ¢  13.41£1.40b  8.68+0.90c 33.22+5.06a 44.76+7.77c 0.80+0.08 a
50 39.70+4.65a  59.60+7.36a 123.17£320a 15.48+1.95a 11.60£1.10a 32.24+3.06b 47.56+5.99 bc 0.63+0.18 b
100 31.46+2.15¢c  55.78+3.76 ab 110.58£6.91b  13.86+2.23b  9.40+0.77b 27.39+0.29c 50.54+3.66b 0.56+0.01 bc
200 28.09+1.16d  54.08£2.93b  97.1643.68d  9.32+1.19c¢  7.07£1.00d 28.90£0.33 ¢ 55.63+1.23a 0.51+0.01 ¢
42 0 3596+2.31b  60.32+7.14b  122.56£8.00b 15.47+4.20a 10.00£0.91 a 29.03£2.55b 49.79+6.43 a 0.60+0.08 c
50 52.04+6.73a  72.58+4.13a 145.89+11.74a 13.00£3.30 ab 8.97+1.062 b 33.93+5.15a 50.02+4.53 a 0.72+0.10b
100 34.18+1.45¢  39.18+7.20d  97.95£10.61 ¢ 15.72£221a  7.11x1.25¢c 29.40£0.98a 39.87+4.82b 0.90+0.17 a
200 29.63+1.47d  50.65+3.52c¢ 100.14+550c  11.44+£3.00b  7.55+1.46c 27.07+0.56b 50.82+5.48a 0.56+0.06 ¢

T B P B (bR R [R5 S5 AN R RER R b B ) 35 25 R (p<<0.05) . I,

Note: Values are means + standard error; The different small letters in the same column indicate the significant difference (p<<0.05). The same be-

low.
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244 g% % & (CTR) A= 4 & tb (PT/ST)
F R, BB 2 14 K, CTR.PT/ST Bl & $hik FE 1)
N 8 5e 0 e AR B R, & A B2 TR 22 e B
#. 7850 mmol - L' Ab3 T CTR ik £ i K1EH 36.50%
XTI 1.27 6%, PT/ST B0 R In 17 20.63% . 1E
200 mmol - L' 4L B R ) CTR . PT/ST 43 )ik F1] £ /)N
fH 25.52%+0.48 , 52 %f HE [ 89.08% + 76.19% - i
%528 X, CTR.PT/ST B A5 25 W< & (1) 39 In 52 R B 1)
G, b 5 X IR 2 (8] Z 5 5 3%, 100 mmol - L
5200 mmol - L' Z [A] A % 5 . Wi 42 K,
CTR.PT/ST B 7 £h < FE 19 14 hn 52 2 386 0 Ji5 B AR 1
%, 50 mmol - L™ AbFE R ) CTR FO0T R 25 38 n 1
16.88%, 11 200 mmol - L™ Zb# R 1) CTR %) Hi 2 2%
B T 6.73%, 7€ 100 mmol - L' &b 38 '~ PT/ST ik 3| B
KAE 0.90, 3500) 82 238 i1 1 50.00% , 200 mmol - L
Aab B A T HE I 5 BRI

245 mpaMFAnE (SR) B2 14 X, SR
B o R FE %) 3G i 5 2 B S 3G i & 3, 50
100 mmol - L' 5 Xf #2573 A & 3 , £ 200 mmol - L™
AbBE R SR A F 53.53% , 2 0 B 112 £F . g
28 K, SR A TRIRE MG INE EA &S, &
50 mmol - L' &b ¥ Ab, KPR Z B F W& EZ 57, 7
200 mmol - L™ &b B T & B i KAH 55.63% , /2 % HEL (1)
1.24 %, WriE 5 42 K, 7F 100 mmol - L' 4 R ) SR
15 B 5 /NME 39.87% , 2 K T IR 2 T
80.08% , HAth Ab 3 2 [M% H R E % F GR 1.

24.6 k4 E R(VBT) R2FZW,MHEE 14K,
VBT Fifi 5 SRk FE 3 n 2 PR ss, shab#i 2
[ A 25 7, AH AR E AR T 0 . e 5 28 K,
VBT B A 25 FE 1386 i &2 56 39 I s FRAR & %5,
HALHE 2 A 2R B, HER A R VBT #i e T
X HE , 7E 50 mmol - L' Ab BT 15 £ 485.46 pm , /& X4 HE
[ 1.58 5. B2 42 K, VBT B Sk FE (4 in 2
TR, 50 mmol - L' 5 %f B2 8] %A 2 57+ 5100,
200 mmol - L' Ab B2 181G 7 57, #0035 AR T 0 B
£ 100 mmol - L™ &b B N 14 2| 552 /M 257.60 pm, A& X
M1 57.28%

247 etk (MVT) #= £ bk &5 A & (MPD) i
14 K ,MVT # MPD [ % 4b# 2 [7) 2% 7 2 3%, #h
A0 PR R T X B, #E 200 mmol - L' 4 FL R MVT
ATMPD 43 5135 5] i /M 386.47 pm . 3.16 , 5 X} 7 %
K7 47.43%.48.11%. WriE 5 28 K, MVT I MPD

*2 BIETHREERZHM RGBS
Table 2 Vein anatomical structure parameters of

J. nigra L. under salt stress

b B [

Processing < N2 VB T/um MVT/um MPD
time/d (mmol-L")
14 0 320.8845.87a 735.11456.50 a 6.09+0.49 a
50 290.6147.60 b 558.34=14.06 ¢ 5.02+0.14 b
100 288.404547b  624.74+3034b 5.9340.30a
200 286.7344.79b  386.47+4.26d  3.16£0.32 ¢
28 0 306.32415.82d 639.71426.27 ¢ 5.70+0.52 b
50 485.46+34.02a 843.99+32.58a 7.0240.35a
100 4352541450 b 773.08£23.00 b 7.0140.57 a
200 398.0247.92¢  499.1247.57d  5.25£0.14b
42 0 449.73£11.36 2 824.35£2231a 6.90+£0.47 a
50 449.04+19.16a 721.20449.33 b 4.94£0.90 b
100 257.6047.16 b 533.56£9.39 ¢  4.62+0.10 be
200 267.914739b  441.80+31.86d 4.13£0.47 ¢

BE A B0 R R 0 1 I 2 38 0 S B AR & 3, #RAE
50 mmol - L &b BH N ik 2] 55 K AH 843.99 pm . 7.02, & Xf
T84 1.32 4% . 1.23 1% ,200 mmol - L 4L BE R MVT %%
82 35 PR AR T 21.98% , MPD #5206} R 41K T 7.89%
FiliE 25 42 K, MVT il MPD [ %5 25 ¥R FE f 38 n 52 F
[ 434, 43 HI7E 200 mmol - L b B R H50f B FEAK T
46.41%.40.14%, S AL BN I MVT 2 57 2%, (H 4
R ) MPD 5% B8 22 57 2 2%, 100,200 mmol - L' &b
P2 A 2R (R 2.
2.5 ERRMEXT R IVEZZE RS TS B AT
25 5 BRI IR AR 25 00 R TG PN 2 A s B R R
SRR AR (B 5) . #£0.50 mmol - L AL FE R 25
(1) A 5] 435 KA T 36 W d ok B2 o I AR o 58 3, AR AR
/N B2 RE AT N BLHES B0 R A A 2
B 2 HLAH o B 184 5 (&1 5-A VB , {H B 5 251Kk 1)
T R 24 i O L HE A R 2 ] B 3 K (]
5-C) , 45 | FEF 200 mmol - L' kb B R iz 2 5 B 3%
B, FORAS L, BEUS 4R , 1A RS (B 5-D) .
0 mmol - L' AL FR N IR BT 3 /N KB FE R, R
BN R AR B (B 5-B) , B R B2 g3
JEFERE N, 548 HARE K (K] 5-F.G) , 7£ 200 mmol - L™
A PR R AR AEAE VT 2 R 4%, RIAFE S sh R R
2o AR FE R (] 5-HD

2.5.1 ZERAIR(SXT) FIFW, M 14 K.28
R SXT [ 35 Eh e B 38 in 2 2 18 hn Jim FRAR i) a3

EHALF R B SXT &35 & T AR, & b B 22 e B 35
#BLE 100 mmol - L' 4b 3 R 15 £ 270.12.464.40 pm,, 53
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Ep A B

0 mmol-L"

50 mmol-L"

100 mmol-L"

200 mmol-L"
Ep. 3% JZ40H s Pe. JA S AIAE s Co. B2 4UM s CL 7% s PE. ) B2 21 4 s Ph. ) B2 3B 5 Ca. TERUZ s X, ARG 2R 5 Sx. WA AT s Px. B AE A 36
Pi. fifi. HORMEECN 10x10; ELBI1R Y 100 pm.
Ep. Epidermal cells; Pe. Peridermal cells; Co. Cortex cells; Cl. Crystals; Pf. Phloem fibers; Ph. Phloem; Ca. Cambium; Xr. Xylem rays; Sx. Sec-

ondary xylem; Px. Primary xylem; Pi. Pith. The magnification is 10x10; The scale is 100 um.
Bl 5 HAHESE 42 RETREBESZEAGHETIENLF BERUE

Fig. 5 Cross sectional light microscopy images of stem apex structure of J. nigra L. at 42nd day of salt stress

®3 HMETHRBEGMELHEY

Table 3 Shoot tips anatomical structure parameters of J. nigra L. under salt stress

f;:j%fjs'ifg el ffnlﬁ(il_)ﬁ_,) SXT/um SPhT/um SCT/um SPT/um
14 0 162.08+15.14 ¢ 55.3942.65 d 103.67+£12.56 d 60.1745.32 b
50 210.75£11.33 b 96.05+15.02 ¢ 169.10£17.38 a 70394234 a
100 270.12+18.13 a 124.66+15.46 b 138.1949.21 b 63.68+7.73 b
200 211.24+18.04 b 151.69+18.35 a 118.78+13.36 ¢ 50.0145.44 ¢
28 0 230.52414.00 ¢ 90.86+10.32 d 110.73+13.63 ¢ 70.74+5.59 ¢
50 315.84416.91 b 120271133 b 210.09+9.76 b 90.4742.25 b
100 464.40+15.94 2 170.22+15.83 a 251.30+43.64 a 10031+14.26 a
200 307.35+25.83 b 109.48+14.70 ¢ 215.57+40.27 b 93.4348.26 b
42 0 311.03£13.82d 119.86£25.26 b 188.73+82.43 ¢ 84.98+5.17 b
50 358.069+17.45 ¢ 149.23+12.12 a 247.04£12.51 b 91.90+11.26 a
100 437.06+18.35 b 92.18+5.38 ¢ 258.46+20.66 b 65.15:4.63 ¢
200 522.88+18.62 a 91.26+11.05 ¢ 327.84+58.48 a 51.5045.10 d

AlE R R 1.67 £5.2.01 5. Wi 28 42 K, SXT bl
WG N2 &, £ 200 mmol - L' AL 2
NIk B RAE 522.88 pm, B HRIE I T 68.11%.

252 Z# L ER(SPhT)  HR 3 A %1, a2 14
K, SPhT [ifi 55 kA< F5 1 389 Jim 2 386 ot 3, &% b 3 72
538, 7£ 200 mmol - L' JA # 151.69 pm, /& X B8 1
2.74 % . WA 28 K, SPhT B % #h ik 5 (1) 38 i &
Je 3N AR S, 3 A3 R ¥ SPhT 23 &

X, & Ab B 2 R 2, F 100 mmol - LA B e K
5 170.22 pm, 2= XF B8 (9 1.87 % . il 28 42 K,
SPhT A Lk 34 5 27 28 RARb &34 — 2, (HAE 100
200 mmol - L' Zb ¥ R f) SPhT & ik T 5 &, H.7¢
200 mmol - L' &b B T ik 21 £z /MA 91.26 pum, F6F R
FEAK T 23.86%.

253 ERESCT) WER3IWLLEH, P 14
R 28 K, SCT B Eh A 5 1 39 in 52506 388 s B
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R, HAFE R SCT B & m TR . 25 14
R, £ 50 mmol - L AL # T SCT 1A # 169.10 pum, &%}
TR 1.63 1%, 55 28 K, #£ 100 mmol - L' 4b#L R SCT ik
F]251.30 pm, A& XF M) 2.27 % . BB 5 42 K, SCT
BEE SRR N 2 BT, S Aab B R v TR
&, 7E 200 mmol - L' &b ¥ R 1A 21| % K AH 327.84 um,
EOMHRIE N T 73.71%.
254 AR (SPT) FK3IKW,BEA SHH
b, SPT B 2638 s FEARp s . Bhia s 14 kK,
50 mmol - L' AbH N SPT 5.3 = T 6, 2 % IR 1)
1.17 £%,200 mmol - L™ &b P 3 5% T 6F L, A2 56 J 1
83.11%. [iia 25 28 K, Eh AL #R 1) SPT & 3% =1 T Xt
M, 7E 100 mmol - L' &b 3 '~ ) SPT iA £ iz K {H
100.31 pm, B IR0 T 41.80% . FhiE 55 42 K,
50 mmol - L AbF T [ SPT S 2 v 1% HRL, 450 0] H 3
BT 8.14%,1H 100,200 mmol - L' kb3 T () SPT .3
TR R 23 o0t BRFEAIG 17 23.33%139.40%
2.6 ERAMEX R I ERIREIEHMNSHATE
M)

FRAE DT SN2 P 53 008 F8 R S B J2 IR AR 0 2

A

50 mmol-L"

0 mmol-L"

WERE KA (B 6) . £ 50 mmol - LA,
MR LA 0] IR L S 35 a0, i) Bz 4H 2R 4, 2 S 2
Mo B A, S RN ), S H LIS LR
2B 6-B.F.J). 7E 100 mmol- L' 43, J& iz 4243
TR A 4, B2 J2 2H 23 A B 401, AR, HEZ B,
TR PR L ] B, (] I B 2= 5 3 o, 3 v
(B 6-C.G.K) . 7£200 mmol- L' 4B T , 4R () fiFt
T 85 ) HH ST AR S 200 LT SR IR S 4, %
M2 3| BRI, R EEEH M AR KA T
U B HERR 55 e S AN RUTAR , AR B B R IAN IE
W RE KNS, BTN 4 An, 20 P BE H IR
#1(E6-DH.L).

2.6.1 ARA 2 (RD)FAk K E(RCT) F 4K,
1B 5 14 K55 28 K, RD I RCT B & 594 B (1) 34
RN G R A . a5 14 K, RD &40 3
[A) 7 5 ¥ 2%, 50,100 mmol - L AL F 1) RD i 1% 1,
A3 B BRI T 27.43%+11.90% ,/H 200 mmol - L™
AR ER ) RD A1 RCT AR TX) R, 00 B PRI 17 20.11%
47.29%. B 28 K, 50 mmol - L' ZbHE ) RD & 2
f T X R, 0k B B KA 786.04 pum, 52X HEHE i T

200 mmol-L"
Ed. W% )2 Vb, 4E8 5, Co. [ 2410 Ep. 3% J2 4000 ; Pe. JH S 400 PE. 3] 2 21 4k Px. W14 AR B s Ve, 55 CL ff%. A~D ICRMEECN 4x
10, LB RN 200 pms E~L BCKAEECH 20x10, R 50 pme
Ed. Endothelium; Vb. Vascular bundles; Co. Cortex cells; Ep. Epidermal cells; Pe. Periderm cells; Pf. Phloem fibers; Px. Primary xylem; Ve. Ves-

100 mmol - L

sels; Cl. Crystals. A-D magnification is 4x10, the scale is 200 pm; E-L magnification is 20x10, the scale is 50 um.
6 EAMBE 42 RETRIBEZMIREALGEEYTIE T RRUR

Fig. 6 Cross sectional light microscopy images of root structure of J. nigra L. at 42nd day of salt stress
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Table 4 Roots anatomical structure parameters of J. nigra L. under salt stress
Qb HEI ] Processing time/d ¢(NaCD/(mmol-L")  RD/um RVBT/um RCT/um RPT/um
14 0 579.46£18.55 ¢ 313.77+41.83 b 86.77+£26.47 b 28.21+3.01 ¢
50 738.43+36.83 a 364.64+26.30 a 157.55+28.37 a 32.10+0.85b
100 648.44+49.00 b 292.36+43.70 be 76.58+18.34 b 72.58+6.57 a
200 462.94491.92 d 279.19+£15.84 ¢ 45.74+15.86 ¢ 23.03+4.16 ¢
28 0 690.60+£17.44 b 316.76+23.86 b 70.29+14.13 b 68.45+15.27 a
50 786.04+28.73 a 321.68+28.56 b 177.86+£22.35 a 38.88+7.12b
100 652.30+67.27 ¢ 410.20+£23.57 a 77.89+9.99 b 27.71+4.64 ¢
200 659.45+26.49 ¢ 364.37+25.62 a 81.73+£13.20 b 21.36+4.63 ¢
42 0 680.06£17.67 a 449.01+26.83 a 61.89+£13.08 b 59.81+8.05a
50 498.82+19.04 ¢ 304.62+35.08 ¢ 46.02+15.10 ¢ 28.94+6.12 d
100 639.47+42.72 b 369.86+24.68 b 91.72£19.17 a 42.59+£7.48 ¢
200 447.62+26.03 d 191.59+13.43 d 71.14+12.22 b 52.95+8.04 b

13.82%,1H 100,200 mmol - L' RD & 2 P& , B0 [
BEAK T 5.55%4.51%. RCT £ 50 mmol - L' 4b ¥
TR, A B 177.86 pm, B IR B8 0 T
153.04%. e 55 42 K, EhALEE R ) RD & KXt
M, 7E 200 mmol - L' 4b 3 R 1A 21 f /)M ME 447.62 pm,
BN HR R T 34.18%. 50 mmol - L' 4b ¥ R {f) RCT
[ %) 46.02 um, {H 100 mmol - L' 4b ¥ K [{) RCT Jt
= E91.72 pum, 5 X ZE S 0 .

262 AgE R(RVBT) HER4WH, HiE 14
K, RVBT Bl 5 £5 & B 1 389 o 2 56 36 I 5 B AR 17
K, 1F 50 mmol - L' B 1A £ 364.64 wm , FE0F HE 5 2% 1
BT 16.21%,200 mmol - L™ 4b P 45 %6f [ 55 2 BAAR T
11.02%. e %55 28 K, RVBT Bl & £ B 184 o &2
%, {H 50 mmol - L' 40 R ) RVBT 5 5 & %
A 75,100,200 mmol - L' ZbH I 2 5 T 06 I, 0%
FEAE T 29.50%15.03% . i 55 42 K, RVBT Bl
HEIWRERIINE T &S, S ERBE, £
200 mmol - L' 4 ¥ F RVBT i% FI & /M 191.59 pm,
BN RS 1 57.33%

263 AR Z(RPT) F4EKH,MHiaE 14K,
RPT Fifi %5 £5 9 FE 10 38 i 5 50 386 0 5 B A i & 5
50,100 mmol- L' &P 5xHE 2 5 .25, 75 100 mmol - L
b TR 3k B f K AH 72.58 pm, &0 K 2.57 6%, i
1855 28 K, RPT i 45 Ehik FE B I 2 N RR&#, &
AbFE ) RPT 556 B 22 5 18 2%, 76 200 mmol - L' Ab ¥
TIE ) 5 /ME 21.36 pm, B HEFEAR T 68.79% .
1835 42 K, RPT A5 SRR B (14 m 5250 71 e fs 38 o
[P, ERACFE R RPT 2K T L 75 50 mmol - L

AR ¥ RPT HO0 BRI T 51.61%.

27 ZES

271 Aaxta4r MWET7ATELE H, SXT A SCT
5 RWC £ &3 5145, 5 MDA . APX.TFC. Pro fll
SP 2 B3 IEAHG, 2 MR 4589 5 RWC i 14 4
YR ABE TR BARORNAE SR R, TPCH
CTR.PT/ST.MVT.MPD.RD & & # 11415, TPC 5
P ik R A 2 R'E % . SPT 5 SP.VBT.MVT.
MPD £ i 2 1E M 5%, SPT 5 M- ik L A7 % 98 1 kH 5%
PEo ULBH SR E N E IR B AW AR 5B E R
W RIS P R A A RS

272 MRIEMERG IR HESHLLE
23 0 RE 3 A A N TA) B ) 2R 0 R R Bk 4y T
2 W B S BOHAT F R i, A R AEA
[F5) AL BT )56 7 7 4 B e SRR AE AN [F] o ol
14 K28 K42 K ETPAS F2 80 1) Bt Tk 2 5 1
N 63.79%-70.53%-69.06% , {H 2 1 = il 43 21 1l A B
R B 14 RIES 1 3 s> 322 RDPT/
ST.RCT.SPT.CTR, J}# 5 28 KI5 — F plir 32 %
S PT/ST.SCT.RPT.SXT.SPT, Mt 55 42 K% —
F s EEJE VBT SPT.SXT.MVT.SPhT.

3 W ®

3.1 MBI ARSI

- Fr RWC & S BB 38 2% 1 T AL 52 S5 AR L I
RS, T RWC et 7K 7R ™. At 5t
R R v R R R TR K BE B AR 1 4l Y
RWC, 3X 5 50 il 5 S5 Wb A i Py RO F 7 228 2R AR
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RwWC

RwC [ ]
-045MDA *
0o -
071 055 0 APx B
080 049 08 TRC| * *
052 066 TPC
z

-0.83 0.70 0.66 0.54 Pro =%
-0.50 0.49 SP

*
- *

SS
-0.40 UE | *

0.51 -0.39 -0.54 LE *

042 PT
037 054 ST = *

076 059 LT

*
-0.54 0.75 CTR * *
0.50 SR e

053 057 064 -0.78PT/ST
033 -0.74-041 vv T *
043038 -064-0.33 0.30 036 0.93 MPD *
-0.85 074 069 0.31 076 057 039 SXT
063 051 sPhT
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Fig. 7 Correlation analysis of physiological and biochemical indexes and anatomical parameters in J. nigra L.
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