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Effect of saline-alkali stress on leaf water deficit, gas exchange and micro-
distribution of eight mineral elements in Shatangju mandarin (Citrus re-

ticulata)

GUO Yanjun"?, JI Qianhua “*, DU Pengfei’, SHANG Hebin’, ZHONG Yaling

('Fruit Research Institute, Zhaoqing University, Zhaoging 526061, Guangdong, China; *College of Life Sciences, Zhaoqing University,
Zhaoging 526061, Guangdong, China)

Abstract: [Objectives] The experiment was undertaken to explore the physiological and ecological
characteristics of Shatangju mandarin (Citrus reticulata ‘Shatangju’) under saline-alkali stress, and to
provide a scientific support for the introduction, cultivation and soil management in calcareous and sa-
line- alkali soils. [Methods] The 3-year-old Shatangju mandarin (Citrus reticulata ‘ Shatangju’) trees
grafted on the trifoliate orang [Poncirus trifoliate (L.) Raf.] were used as the test materials, and CaCOs,
NaHCO; and NaCl were used to simulate the main chemical components in calcareous soil, alkaline
soil and saline soil, respectively. Two levels of addition of 0.3% and 0.7% compounds to the cultivation
substrate were designed, and the trees without the addition of saline-alkali served as the control. During
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90 d of cultivation, the leaf water status, gas exchange characteristics and effects on the microdomain
distribution and balance of eight mineral elements were tested and analyzed.[Results](1)Under saline-
alkali stress, the relative water content (RWC) in leaves decreased and the water saturation deficit
(WSD) increased; the difference rose with the increase of saline-alkali stress intensity and treatment
time, but was mainly dominated by the types of saline-alkali components in the substrate; the difference
of WSD was greater than that of RWC; after 90 d of stress, compared with the control, under the stress
of 0.3% CaCO;, 0.3% NaHCOs, 0.3% NaCl, 0.7% CaCOs;, 0.7% NaHCO; and 0.7%NacCl, the RWC de-
creased by 3.2%, 7.6%, 9.6%, 13.8%, 15.5% and 22.5%, respectively, and the WSD increased by
46.2%, 109.2%, 138.5%, 198.5%, 223.1% and 323.1%, respectively. (2)Under saline-alkali stress, the
chlorophyll content (Chl C), net photosynthetic rate (P.), transpiration rate (7;), and stomatal conduc-
tance (G,) in leaves significantly decreased, the reduction range increased with the extension of the
stress time, and the difference was large under different kinds of saline-alkali stress, which was general-
ly consistent with the response of RWC and opposite to that of WSD; upto 90 d of stress, under the
stress of 0.3% CaCOs, 0.7% CaCOs, 0.3% NaHCO;, 0.7% NaHCO;, 0.3% NaCl and 0.7% NaCl, Chl C
content decreased by 4.5%, 16.5%, 15.4%, 39.7%, 31.4% and 49.4%, Pn decreased by 7.2%, 23.1%,
18.3%, 46.5%, 42.3% and 61.4%, Tr decreased by 3.8%, 8.3%, 11.8%, 32.9%, 38.4% and 63.0%, Gs de-
creased by 2.5% , 10.4%, 19.0%, 36.2%, 46.0% and 65.6%, respectively. (3) After 90 d of cultivation
under saline-alkali stress, the relative contents of major mineral elements in the cells of different tissues
in the leaves of Shatangju mandarin changed significantly. Among them, under CaCO; stress, the rela-
tive contents of S, Cl and Ca in leaf palisade tissue cells increased by 18.8%, 12.2% and 13.6%, respec-
tively; the relative contents of Na, Mg, P, K and Fe decreased by 24.6%, 24.0%, 22.5%, 9.8% and
43.5%. Under NaHCO:; stress, the relative contents of Na, S and Cl in palisade tissue cells increased by
163.6%, 31.8% and 73.8%, respectively; the relative contents of Mg, P, K, Ca and Fe decreased by
39.0%, 24.5%, 6.5%, 12.1% and 45.6%, respectively. Under NaCl stress, the relative contents of Na, S
and Cl in palisade tissue cells increased by 183.1%, 183.1% and 78.1%, respectively; the relative con-
tents of Mg, P, K, Ca and Fe decreased by 50.0%, 37.3%, 17.1%, 15.6% and 60.9%, respectively. (4)
Under saline-alkali stress, the balance relationship of the relative contents of eight mineral elements in
the leaf cells changed significantly, with the smallest change occurring under CaCOs stress and the larg-
est change under NaCl stress, and the change in phloem cells was significantly greater than that in xy-
lem cells, and the change in palisade tissue cells was significantly smaller than that in sponge tissue
cells. Among ten ratios of mineral elements in palisade cells, the ratios of Na/Cl, Ca/K, S/P and Mg/Fe
increased significantly, but Ca/K ratio increased to a minimum, S/P ratio increased significantly, the oth-
er 6 ratios all decreased significantly, and K/Na ratio and K/ClI ratio decreased to a maximum, while S/
Cl and Mg/P decreased less. Under the stress of CaCO;, NaHCO; and NacCl, the S/P ratios with the larg-
est increase in palisade tissue cells increased by 61.1%, 80.6% and 141.7% on average, and the K/Na ra-
tios with the greatest decrease reduced to 2.1%, 39.4% and 58.6% on average, respectively. [Conclu-
sion] Shatangju mandarin was sensitive to NaCl stress, followed by NaHCO; stress, and 0.7% CaCO;
content of could cause significant stress. Saline-alkali stress may lead to significant leaf water deficit
and aggravation of photosynthetic physiology of Shatangju mandarin; the microdomain distribution, bal-
ance and ion homeostasis of the main mineral elements in the leaves also changed significantly under
saline-alkali stress. Therefore, soil chemical properties and improvement should be paid a great atten-
tion to in the introduction, cultivation and orchard management of Shatangju mandarin.

Key words: Shatangju mandarin; CaCO; stress; NaHCO; stress; NaCl stress; X-ray energy spectrum

analysis; Mineral nutrition balance
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Fig.1 SEM images of surface (A) and cross-section (B) structures of Shatangju mandarin leaf
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Table 1 The effects of saline-alkali stress on leaf relative water content (RWC) and water

saturation deficit (WSD) of Shatangju mandarin plants

AHXS £ 7K & KA
Kb Treatment Relative water content/% Water saturation deficit/%

0d 30d 60d 90 d 0d 30d 60d 90d
% H& Control 91.8£3.0a 92.24+25a 92.3+2.0a 93.5£2.0a 82+2.5h 7.7£3.0h 7.842.0 h 6.5+£2.0 h
CaCO; e I 918+£3.0a 91.6+1.8a 91.1£2.0 ab 90.5+2.5 ab 82+2.5h 8.4+1.8gh 8.9£2.0 gh 9.5+2.5 gh

CaCO;stress 1I
NaHCO:/fpig T

91.8£3.0a 90.2+2.5 abc
91.8£3.0a 89.4+2.0 abc

88.9+3.5 abed

86.4+4.0 abcde 8.2+2.5h
86.3+3.0 abcde 84.5+3.5 bedef 8.2+2.5h 10.6+2.0 fgh

9.842.5fgh  11.143.5¢efgh  13.6+4.0 defgh

13.7£3.0 defgh  15.5+3.5 cdefg

NaHCO; stress 1l 91.8+3.0a 87.5+3.5 abcde 83.2+3.6 cdef  80.6+5.0 efg 8.242.5h 12.543.5 defgh 16.8+3.6 cdef  19.4+5.0 bed
NaCl Jji [ 918+3.0a 84.6+4.2bcdef 82.2+£5.0def  79.0+7.5 fg 8.242.5h 154442 cdefg 17.8+5.0cde  21.0+7.5bc
NaCl stress II  91.843.0a 80.844.0 efg 75.3+5.5 gh 72.5+6.0 h 82+2.5h 19.244.0bcd  24.7£5.5 ab 27.5+6.0 a

W T 1143 0 Fe it 2 v B I A 2 1) BR08A 0.3%10.7% (w) 5 [F) — AR B4R KR AT, Arid i /N'S T REA [ FR BN T2 AR 22 5

IERZEIKT(p <0.05). £ 2.% 3 [,

Note: [ and II respectively indicated that the corresponding amount of salt or alkali added to the cultivation substrate was 0.3% and 0.7% (w). The

numbers followed different lowercase letters indicated that the difference between themwas significant (p << 0.05). The same as Table 3 & Table 2.
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Table 2 The effects of saline-alkali stress on leaf chlorophyll content and photosynthetic rate of Shatangju mandarin plants

4¢3 ¥ & Leaf chlorophyll content /(mg-dm™)
Qb Treatment

£ 3# 2 Photosynthetic rate/(pmol -m™-s™)

0d 30d 60 d 90d

0d 30d 60 d 90d

X Control 6.48+0.25 ab 6.69+0.40 a

6.35+0.59 abc 6.05+0.63 abc  7.45+0.53 bedef 8.58+0.62 a
CaCO: /i 1 6.48+0.25ab 6.54+£0.35ab 6.18+0.46 abc 5.78+0.35bed  7.45+0.53 bedef 8.35+0.35 ab
CaCOstress 1 648:0.25ab 6.3540.42 abc 5.64+0.49 cde 5.05:0.40 efg  7.4540.53 bedef 7.72+0.48 abede 6.97:40.75 efg

8.2+0.65ab  8.10+0.49 abc
8.06£0.56 abed 7.52+0.50 bedef
6.23+0.76 ghi

NaHCO:/ft 1 6.48+0.25ab 6.18+0.29 abc 5.79+0.52 bed 5.1240.33 def  7.4540.53 bedef 7.89+0.32 abede 7.12+0.58 cdefg 6.62+0.36 fgh

NaHCO:stress 11 6481025 ab 5.0540.39 efg 4.3740.46 gh  3.65+0.28 ij
NaCl e I 6.48+0.25ab 5.79+0.34 bed 4.83+0.50 fg  4.15+0.52 hi
3.06+0.25 |

NaClstress |1 6481025 ab 4.8740.36 fg 3.92:£0.43 hi

7.45+0.53 bedef 7.05+0.54 defg  5.23+0.65 jkI ~ 4.33+£0.491
7.4540.53 bedef 7.02+0.45 efg  5.84+0.64 hij  4.67+0.35 kl
7.45+0.53 bedef 5.45+0.38 ijk ~ 4.29+0.47 1 3.13+0.36 m

R3 BEMEXMUERMN R EBERNSILSENRE

Table 3 The effects of saline-alkali stress on leaf transpiration rate and stomatal conductance of Shatangju mandarin plants

sl 78518 Transpiration rate/(mmol-m?-s™)

S AL S Stomatal conductance/(mmol-m?-s™)

Treatment 0d 30d 60 d 90 d

0d 30d 60 d 90 d

%7 I Control 4.18+0.45 a 3.92+0.52 ab
CaCO:lE 1 4.18+0.45a 4.05+0.32 ab
CaCOsstress 1 4 1810452 3.78+0.28 abe

3.56+0.34 abcde 2.89+0.42 fghi 0.175+0.010 abc 0.182+0.012 ab 0.178+0.012 abc 0.163+0.005 bed
3.46+0.23 bedef 2.78+0.33 ghi 0.175+0.010 abc 0.193+0.012 a
3.1540.30 cdefgh 2.65+0.19 ghi 0.175+0.010 abc 0.175+0.015 abc 0.16240.017 bed 0.146+0.010 de

0.168+0.012 bed 0.159+0.006 cd

NaHCO:f 1 4.18+0.45a 3.65+0.40 abed 3.26+0.25 cdefg 2.55+0.19 hij 0.175+0.010 abc 0.164+0.011 bed 0.148+0.012 de  0.132+0.005 ef

NaHCO; stress Il 4.18£045 a

NaClfrits [ 4.1840.45a

NaCl stress

3.08+0.51 defgh 2.54+0.39 hij
2.98+0.20 efghi 2.35+0.22 ijk
1.89+0.35k

1.94+0.28 jk  0.175+0.010 abc 0.153+0.014 de 0.125+0.018 fg 0.104+0.009 hi
1.78+£25 k 0.175+0.010 abc 0.162+0.016 bed 0.113+0.013 fgh 0.088+0.011 i
1.07£0.12 1

II 4.18+0.45a 2.56+0.20 hij

0.175+0.010 abc 0.146+0.0152 de 0.108+0.010 gh 0.056+0.005 j

10 2801 $5 R o
M % 3 A W, il 30,60, 90 d, 0.3% CaCOs.

0.7% CaC0s+0.3% NaHCO, }r 31 N B> ¥E A7 1 F T
B/ T 0 REAH 500 B 2 35 22 57, 0.7% NaHCOs.
0.3% NaCl.0.7% NaCl il & % H A T 194 & 2
ANT IS R ok B Gl R Pl e 4 e A T Ak
R A IR 5 58 K, CaC O, i3 T 4% i 3 1 'ﬂj‘,m%
i3 2 5, NaHCO, NaCl il 8 T~ 2 F bl 38 5% 52 18] DA
Je K55k T 11 22 S 4808 I 25 7K P 5 2290 d, 0.3% Ca-
COs. 0.7% CaCOs. 0.3% NaHCO;. 0.7% NaHCO;-.

0.3% NaCl.0.7% NaCl Jfpi8l I J T, 43 5l 3500t Fge
1% 3.8%+8.3%11.8%132.9%.38.4%.63.0% , ' /T G.
43 ) A R 3 % TR BTG 2.5% 4 10.4% 4 19.0% . 36.2%
46.0%+65.6%.
23 MEHERMH FERTET RTRSENEN

Mg.P.K. Ca\Fem?EEWE’JEE FRICHR,

Na.S\Cl e R EMY A arigsh b R EBA/EH , K
Na.Cl & St th VI, hE 470, 1E
W AR B RS BEAR AL , TC Ve & TE I A () A A
DX H 3 8 A5 G 2 A 6 2 i v B PR

FF¥)N:Ca. K -Mg.S-Na.CIl.P.Fe, thil it T ks
90 d J5 XL RN & AL BEAZN.

EH 4 W] D, 0 W A o AL I 458 PR, 3
J #5240 Ml Na Mg P.S.Cl.Fe T & T ¥ & BRI N
4.7%11.3%-2.6%4.4%4.4% . 1.4% , Lt A J5 55 20 i
HR A3 AR 11.6%  22.1% « 23.8% « 38.0% « 18.5%
222%:;: WM K.Ca st R VP& BRI A
21.9% + 49.4% , LU A 53 3 48 f o 23 0 = 18.4%
10.0%. CaCO; e T, AJ5 41 i S Cl. Cafn%
MXTEEF G, K Cat BN S EEEH .
o B2 JBi i R 3 50 R B E R Afftﬂrlﬂﬂ:
FAX S B RINPEICH &%, Hod Mg P Fe 7o
O E T IR HL 2 Bl A e e 2 R B E

NaHCO;NaCl i 8 ~ , Wb BEAE AR - F 4 5 R
AR B A Rz A Na S\ ClUe & & & 7 i,
T8 5 B ORI v i OK, Horh, Na o 3 5 00 A
b2 35 T, 2 R A A () 22 55 35, NaHCO,
JH 8 B NaCl 3~ 5 M B B K, A 5T 8 248 i
STE8 T TR 4 )N 2,223 £ L 1.982 4% , 1) S B 4
FH P2 T R R 4 5 3.383 1% 02,266 1% 5 S SR AE
) B 8 A4 A w1 v S R S KT A R O 4
Hh, HL 2 Flsi A 3 ] 1) 22 S 14 B K, {H NaCl e
N T FE R OK s NaClBE T, AT 0 9 52 B 240
o Cl T 2 A B o IR R 3 T, PR T e
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Table 4 Differences in the relative content of mineral elements in leaf cells of Shatangju mandarin saplings under CaCO;,

NaHCO;, and NaCl stress
I X 4 B 5 G 2 AH X} 4 & Relative content of mineral elements/%
Leaf arca Lb P Treatment o Mg . S a < ca o
ik KRB X Control 5.6£0.3d 14.5£0.4a 2.1+0.1a  7.1£0.1c  54+02c 18.5:0.1a  44.9+05c 1.8+0.1a
Vein Xylem  chcofft 1 5.1404d 11.040.7b 1.7¢0.1bc  7.6:04bc  5.6+03c 17.840.7ab  50.0413b 13+0.2be
CaCOsstress 1 4440.6d 63404d 1.00.1d  84+09abc 6.0+05¢ 167+1.5ab 56.6+2.4a 0.740.1¢
NaHCO:frit 1 15240.7b 10.9+1.1b 1.8+0.1b  7.4+04bc 6.0+03c 17.6+0.7ab 39.6+1.5d 1.6+0.1a
NaHCOsstress 1 509:23a 98+09b 1.8+0.4bc 8.6:09ab 64=0.6c 16.6:1.8ab 34.9:1.9¢ 1.040.3 cd
NaCl it I 12240.8c 103+0.7b 1.5+0.18c 8.5+0.4ab 11.3+1.4b 16.9+0.8ab 38.1+2.4d 1.3+0.1b
NaClstress 11 5124012 83+09c¢ 1.120.1d  9.5+1.3a 13.840.7a 15941.5b 29.5¢1.8f 0.8+0.1 de
W XTI Control 47+02d 11.3+09a 2.6+02a 44+02c¢ 44+02e 219422a 494+03c 14+0.1a
Phloem cocoppin 1 5.7+404d  87+0.6b 23+03a  54+04bc 50+03e 16.6+l.1cd 553+27b 1.1+02b
CaCOsstress 1 64405d 42404e 1.120.1c  60+05b 6.6+0.7cd 153£09d  59.6+13a 0.9+0.1c¢
NaHCO:ffiE 1 12.7409b  7.740.5¢ 2.3+02a  6.3+04b  5.8+0.5de 20.3+2.4ab 43.9+1.1d 1.2+0.2ab
NaHCOsstress 11 1954162 52607d 1.1402c  8.6409a  7.640.8c 19.3+0.8abc 38.942.6¢ 0.8+0.1c
NaCl ffif [ 109+0.6c 6.1404d 24+02a  9.0409a 103+0.7b 20.7+2.5ab 39.6+2.5¢ 1.1+02b
NaCl stress I 198+1.7a 3.6+05e¢ 15+0.1b  9.2+04a 16.1+1.9a 18.7+12bc 30.8+1.1f 0.5+0.1d
- A X} B Control 59+£02d 123+0.7a 5.1£03a  93+0.6c  4.1x04e 169+0.7a  442+1.7c¢ 2.3+0.1a

Mesophyll 2141 CaCoOiE 1

Palisade CaCO:sstress I

tissue 4.0£04 ¢

NaHCO: it T 11.8+0.8 ¢

49403 ¢ 104£0.6b 4.6+02b
8.3+0.8 ¢ 3.3+03d
9.9+0.6b 4.6+0.3ab 10.4+0.5bc 5.1+03cd 16.2+12a

10.5+0.5bc  4.4+0.2de 15.5%1.1a
11.6£1.1b  4.8+0.4 cde 15.0+1.4 a

48.2+19b 1.6£0.1b
522+13a 1.0+0.1d
40.4+1.0d 1.7£0.1b

NaHCOsstress 1 195410b  5.1403d 3.1403d 135+l.1a 53+04c 154+l.1a 373+1.6ef 1.1403d
NaCl i I 11.740.7¢  9.9+0.5b 3.9+03c¢ 11.4+0.7b 6.8+0.5b 154+1.0a  39.6+1.5de 1.4+0.1¢
NaClstress 11 5174112 54405d 2.5402e 147+¢1.0a 7.840.7a 12.651.4b  35.041.9f 0.4+0.1¢
4% i} @& Control 59+03d 9.740.4a 4.8+03a  6.6£03d 4.2+02f 18.8+0.6a  48.1+2.1c 2.0+0.1a

i

éﬁgﬂ CaCOMME 1 49+04de 65£05b 3.6:03b
onge

oM CaCOstress [ 36u02e  3.5404d 2.1405¢

NaHCO, /a1
NaHCO; stress I

11.840.6 ¢

NaCl Jrit I
NaCl stress I

12.5+0.7 ¢
22.5+1.8a

7.240.6b 3.6£0.2b
19.3£1.3b 4.9+0.7¢ 2.0+0.4c
7.240.6b 3.9+0.2b
32+0.1d 1.4+0.2d

79403 cd 4.9+03ef 17.3+0.4 ab
9.1409bc  5.7£0.5de 15.5+1.3 ¢
7.940.6cd 6.7£02d 17.8+0.6a
9.5+1.4bc 79+04c 159+1.4bc
10.9£0.6b  9.3+04b 15.7+0.6 be
16.6£1.9a 153+1.3a 11.6+1.3d

53.0£2.3b  1.3+0.0 be
59.843.2a 0.6+0.1d
43.6+2.0d 1.4+02b
39.9+2.6d 0.6+0.4d
39.6+1.3d 1.140.1¢
28.7+29e 0.7+0.1d

e T T 20 27 R B JER S5 P BRI F A L P ER B 0.3%10.7% Gw) < Rt P ZHZURIE™ 03 70 2 R BUEL BT b ic (/08 'S B AN IR 38R e

{12 B E R IEREKFE(p <0.05. £S5 H.

Note: [ and II respectively indicated that the corresponding amount of salt or alkali added to the cultivation substrate was 0.3% and 0.7% (w).

For the same mineral element in the same leaf tisure,the numbers followed different lowercase letters indicated that the difference between themwas

significant (p << 0.05). The same as Table 5.

1A 1.324 4% .2.002 5 , 75 K2 B 20 i o (10 v e 52
EbAS 35 K 0511 £, HL 2 ol 5 58 1 e ) 22 5 &
EN

NaHCO;NaCl {38~ , Wbl AE AR I F 4 55 R
AR AN B F AR AR S AT R S B IR AEA
[P 55 90 A A1 P e K e AR P85 K, 790 R
I B P AR 55K T AR 4 B, Mg P Fe
JCE M PFEARIEFE KT K. Ca st &, [EACIEE KT
40% ;K o & & & I B B AR SRR, 12 0.7%NaCl
Jop 38T S A T 0T B PR R 5 7 A T ) B s 4

LA 23 510 R 14.1% 14.6% ; Ca JG 2 AR S PE B BAS
WK 6K , NaHCO, NaCl i3 F o8 175 A i 5
S 200 i o A S R 4 SR T TR, P R PRI
W 23 TN 17.0%16.2%H1 24.7%.28.7%

b WE A o AR R I PR, A 2 21 i 4 4 2348
JfLH Na P Cl G 2 AH X 5 28 A AR [A] , A4 25 23 4
M Mg S JC 3R & & T 4R 4 440 i, i 4n i
LU K Cart & & & | Tt 840 i, (1
EREAKEER N, CaCO Ml N, M4 A i
AR S\ Cl.Ca LR AN & T, b S
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I ClITZAE 0.7% CaCOs i 2 % Ft iy, Ca TR
7 0.3%0.7% CaCO; i T 34 522 % T+ %5 » S. Cl. Ca
T B AE MR 4 ZURD i 40 4 240 B ST 24 sl P A
W4 )N 18.8% K11 28.8%  12.2% 1 26.2% « 13.6% Fll
17.3%; FoAx S P i o6 3 AR B Bl 00 HE . 2
FAA , L BRI P 7 2 b 2 0] [R) 22 57 450K Na
Mg P.K.Fe 3% 5 B 7T 2% 7E A== 20 20 i 47 2H 23 48
FfL A S 24 TR 43 ) A 24.6% F 28.0%  24.0% Al
48.5% + 22.5% H1 40.6% + 9.8% 1 12.8% + 43.5% #1
52.5%; LA Fe LR & & T FEIE A i K, K e &= RFFER
A WIAE 7 B B, 7E A 2H 40 A Hh ) AR A B B
INTFIFLR AR A .

£ NaHCOs+ NaCl 38 '~ , b B8 47 i v Al A 41
AR AN R 8 AT T R AN S E AR L
B 2 KT CaCO i, (HAR LA FEAMFE . 5
X K EE , #E NaHCO, NaCl it 7 ,Na. S\ Cl TG &
AERE 5 8 30 25 T vy, T v R A A 2H 2R 40 B T
B35 59 H 162.7%-183.1%, 162.7% 183.1%,26.8%
78.1% ; 1£ 5 47 2H 2240 Mo A v S 88 A A A2 4 2R
i i o K, S 2443 5 N 163.6% 4 196.6% 5 31.8% -
108.3%,73.8%+192.9%;Mg.P.K.Ca.Fe JLif 5 fify”
Jo3 7T 3 A X B B 4 3 RIS, 1Y 0.3% NaHCO; 8
T STCEAX & BT E K AR S B RIS
B 5 % IR R IR B E K. Hod, NaHCO, fihia T,
Mg P.K.Ca-Fe 7t 5 7 A 2H 23RN 45 2H 23 40 o
(1) FER B &1 38 43 0l B I 39.0% 1 37.6% + 24.5% FH
41.6% « 6.5% F1 10.4%  12.1% F1 13.2% . 45.6% F
50.0%;NaCl f#if ' ,Mg.P.K.Ca.Fe JC &R fEMAE 4
SR 2 2H 23 8 W b )RR 6 BT 38 40l B
50.0% Fl1 46.4% « 37.3% H1 44.8%  17.1% A1 27.4% -
15.6%71129.0%60.9%F1 55.0%
24 WEERBHRARTPT RTESEFENE
i

CaCO;.NaHCO;NaCl il T , W Bz i i ik
At R T B e R TR RORAE B AL H
PL CaCO; i A2 4L i /)y , NaHCO; NaCl i R 4%
PR ELEER , JE I NaCL e R s 390 5z 5 20 i b i 22 4k
B 3 KT AT 4 i v 40 2H 23 40 i v 1) R 4 oK
T WU 2 2R A A, A A 2 4 i AR AR S
/N5 10 Mot 3R & & HAE T, Na/ClL Ca/K\ S/P.Mg/Fe
SR B 2K, P Ca/K 1R % /) (CaCO; il i R
25 18K, NaHCO;\NaCl i~ &2 9/ 8k AR A

€D, LA S/P MY R e K s Hor 6 B U ¢ R 35 8 3
9% 71 5 LA K/Na - K/C1 ik g f5 K (K/Na FR gk g 1% K
T K/CLEY AH AR = A0 2D, S/CL.Mg/P il 4R
No THEII MR, CaCOsNaHCO, NaCl i}l T,
S 5 K (1) S/P A - Jik A J5i 350 40 A o T 35 43 ) 38 K
85.3%+32.4%132.4%, 7 HHJIk ) 5 540 i v <135 43
B K 141.2%1223.5% 188.2% , 75 - A M 4H 23 41
JiL R SF 25 45 B K 61.1%.80.6% - 141.7% , 7E H A
48 4 240 i R T 3 0 B R 132.1%  146.4%
653.6% ; I ¢ K ) K/Na K/C1AE M- K A i #5541 A
oS 20 SIS 2.2% . 44.1% . 64.0% , 78 H- ik 3] 5z 355
YT B ST 240 90 N 43.8% . 55.7%69.1% , 15 H A
A ZH 23 40 i b S35 23 9 2.1%139.4%.58.6% 5
T - PRI ¥ 2 2H 23 40 B - 35 49 k) 8.4% 4. 54.5%
70.1%(% 5),

3 i@

Ehia T E A (R ERAE YD R D AR N
FEATAF Bl ™ B 3503 i il F0 i 0 8 A /R Y. B
FEXE 35 18 T G AER IS 2E aE i a0 A 32 24t
XE P& R AR KPR AAE YT I A
TR FEH B, SR ME T AN AT AMF 1B A8 B e
Flt AMF PR AE v A4 2 T A o AR R /0 LBt s 7 &
fE (AN g G S S =R (BN 1 B QAR A S E R N R T e
PRAR N 7K 3 R L B8 o AR ST 7 i B0, 3k
T e N R BEAE T A RWC PRI W WSD Il 7K 431k
I 25 AL, 52 R FE NaCl B8 >NaHCO, i 8 >
CaCOs Wil , 1 2 22 BH Hh el 18 72 W0 Wi A AL IR it
Ko7 e EE AR AN R, SR R A T
F A A 7K 53 5 R A B AR, 48 7 Eh B
18RI 32 5 R T ML R4 1 — 7 T P S5 2K
o

EhPE AR R SR SR A S AR
FEBR IR B AT B2 5 SR W aE 9 B2 R AR PSS L 15 4 il
AR S R A K. 0 5 A S BURRE AR B
TEARAR L, IR FEAE TN SRl AR b 1) &% 1 (Fortunella
margarita ‘Kinnow )R F 23R & & VP G
Jf 18] CO, ¥ & CC) B AR MR 8 /N5 30, 60
90 mmol - L' NaCl 18 '~ , 5 18 A1 5 Bz A7 e Ak -
Jv P AN T Jof A 5 8 164 KT 2 T e i 3 P A i
1) i KA ARG Wy P BTG JEE 5 2 /) T it 2 12 55 1
RS, AL TR 56 11 5 P 5 B M A i v 70 B 2 K T
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Table 5 Effects of CaCO;, NaHCO; and NaCl stress on the balance of mineral elements in leaf cells of Shatangju mandarin

X35k

B 5 6 & A X5 & EL{H Ratio of the relative content of mineral elements

Kb ¥ Treatment

Leaf area K/Na K/Cl Na/Cl  Ca/K

Ca/Na Ca/Cl S/p S/Cl Mg/P Mg/Fe

ik AJFER X HE Control
Vein - Xylem  copco it 1

3.3+0.2¢ 3.5+0.2a 1.1+0.1d 2.4+0.1 ¢
3.5+0.2b 3.2£0.1 b 0.9£0.1 ¢ 2.840.2b 9.8+0.2b 8.9+0.5b 4.4+0.4¢1.3+0.1 a 6.4+0.2 bc 8.8+0.3 abc

8.0+0.1c 84+03c 3.4+03f1.3+0.1a 6.9+0.3b 8.2+0.3 bc

CaCOsstress 11 381024 2.840.1d 0.740.1 f 3.4404a 13.0402a 9.5:12a 82:04b14=0.1a 6.140.4 cd 9.2+0.4 ab

NaHCO; ffipitd 1
NaCl fhif |

#EH XF A Control
Phloem CaCOBhL 1

1240.1 e 3.0602 ¢ 2.650.1 b 2.340.1 e 2.6+0.1d 6.6+02d 4.140.4 e 1.3£0.1a 6.040.3 cd 6.740.3 d
NaHCOsstress 11 08201 f 2.6+0.1 e 3.340.2 2 2.1403 ¢
1.4402d 15402 f 1.140.1d 2.340.1 e 3.140.1d 3.4+0.1f 5.740.3¢0.8£0.1b 6.940.3b 7.740.2 cd
NaClstress 11 8401 f 1.240.1 g 1.6£0.1 ¢ 1.940.2 ¢
47+03a 5.0403a 1.140.1 ¢ 2.340.3 ¢ 10.6+03a 112+0.6a 1.740.6 f 1.040.1 ab4.4402 b 8.4+0.5a
2.9+0.1b 3.340.1b 1.120.1d 3.440.1 b 9.8+0.1b 11.0402a 2.4+03 e 1.140.1a 3.940.3 ¢ 7.9+402a

1.7£0.1 e 5.5+02¢ 4.9+03d1.3+0.1a 5.6+0.7d 9.6+0.5a

1.4+0.1e 22402 g 9.1+0.1a0.7£0.1b 7.9+0.1a 9.9+0.2a

CaCOsstress 1 5 4:02¢ 23+02d 1.020.1 f 3.9402a 9.440.1b 9.0:0.6b 5.8+0.7b0.9£02b 4.0+0.1 ¢ 4.8+0.5d

NaHCO:Jifa 1
NaHCO; stress I

NaCl e I

1.6502d 3.5402b 2.240.1b 22403 ¢ 3.540.1 ¢ 7.6+03c 2.8+0.5d1.10.1a 3.4+0.1d 6.7+0.5b
1.040.1 ¢ 25403 ¢ 2.4+0.1 2 2.040.1 cd 2.140.1d 5.140.1e 82+03a1.140.1a 5.0+02a 6.7+02b
19402 f 2.0+0.1¢ 1.140.1 ¢ 1.940.2d 3.6:0.1¢c 3.9+0.1e 3.840.2¢0.9+02b 2.640.1e 5.540.1¢
NaClstress 11 09201 f 1.240.1 f 1.240.2 ¢ 1.7+0.1 ¢

1.6£0.1¢ 1.9+02f 6.0£0.2b0.6£0.2 ¢ 2.3+0.3f 7.0+0.2b

MR M XPRE Control 2.8+0.1 ¢ 424022 1.580.3 ¢ 2.6:0.1 ¢d 7.540.1 ¢ 10.9+0.1a 1.8+0.5f2.320.1d 2.4+0.1 ¢ 53203 ef
Mesophyll ;ﬁf/u 4o CHCOMHL T 3250.1b 3.650.1b 1LI50.1 £ 3.1504b 9.9503b 1104022 23:02¢2440.1¢ 23401 ¢ 64201
alisadae

dssue | CACOSIESS 1 390010 3240.1 ¢ 0.9+0.1 g 35503 a 12.980.1a 11.0409a 3.50.7c24+0.1b 25:0.1b 8.7:04b
NaHCO.Miifl T 1.4£0.1d 3.240.2 ¢ 23203 ¢ 2.5¢02d  3.4£02d 7.9:02b 22+0.1e2.040.1 ¢ 2.1402d 5.7+0.1¢

NaHCOx
stresss I 08:0.1¢ 2.940.1d3.6£0.1a24+0.1d 1.9402¢ 7.140.1¢c 43+02b2.6+0.1a 1.6£02¢ 4.8+0.1f
NaClffi 1 13+0.1d 23+0.1¢ 1.740.1d 2.6£0.1 cd 3.4202d 5.8402d 2.940.2d1.7+0.1 f 2.6£0.1a 7.3+0.2¢

NaClstress 11 6101 1.6+0.1 f 2.8+0.2 b 2.840.1 ¢
32+0.1 ¢ 4.5:0.2a 1.420.1d 2.6:0.1 ¢
3502 b 3.6:0.3b 1.0+0.1 f 3.1:0.2b 10.840.2b10.9+0.4b 2.2+02d1.6:02a 1.8+0.1 bc5.1402b

W4 X H& Control
AN CaCOsfipie 1

1.6£0.1e 4.5+0.2¢ 5.840.1a1.9+03e 2.140.2d 9.9+0.2a
8.2+0.1c 11.5+0.1a 1.4+0.1e1.6+0.1a 2.0£0.1b 4.9+0.1b

Sponge
POTES CaCOsstress 11 4310242 2.740.1 ¢ 0.6£0.1 g3.9+02a 16702210403 ¢ 43+04b1.6+0.1a 1.7+03¢ 5.5£02b

tissue
NaHCO fiif 1
NaHCO; stress I

NaCl frie I

1.540.1d 2.740.1 ¢ 1.8202b 2.540.1 ¢ 3.740.1d 6.6+0.1d 2.2+0.1d1.240.1b 2.040.2b 5.0+0.1b
0.8+0.1 f 2.040.2d 2.5402a 2.5402¢ 2.120.1f 5.1#0.1e 4.7+0.3b1.2+02b 2.4+02a 7.8402a
1340.1 e 1.7+0.1¢ 13+0.1 ¢ 2.540.1 ¢ 3.2+0.1e 4.2402f 2.8+0.2 ¢ 1.20.1 be 1.9+0.1 be 6.7+0.1 a
NaClstress 11 05:0.1 g 0.840.1 f 1.5:0.1 ¢ 2.520.1 ¢

1.3+0.1g 1.9+0.2¢g 12.3+0.2a1.1+03 ¢ 2.4+03a 5.7+0.1b

i &5 P 95 IR ARSI FE R B i AR v
M43 55 5 BN P T G2 3 WA AE 2 2 800 6T
o ) i 7 A — B, 45 SR 5 R A ST 5T &5 SR A
I AR e A BUIR O A K 2 R — FE 2 52
ERBR 1B 02 SR, UON RIS T KT 3R RS A
1 bR B SR (el B S v R vy R A [ - B8 2 A
JoE R oS R (A1 B 1,55 B AN () P 2 SR B 2 1 1 AL
HIAEEE SR

i 25 (NaCD ol 38 0 A8 4 4 5 3 Bl i 72
FE TR EME R TR AR RS R
Na' \Cl X EY = A FMEEFRH 2z —. 75X
FH A7 25 SR 6 B 3 e 87 (1) A B 24 43 B v, 3R B
WA R B R PR A A BB 5 T, U STk 20 ¢
FERTIARRPE . 0 R ER AN A b 1) & v i AR

() Na" 1 CI & 24 s i v i R UK, 553 AE 2h i
JERBEA L ARERRAR R 12 P AL R B B 75 mmol - L
NaCl JBlhie 12 J& , %F 25 1 16 5 B30 1 25 (R Y 4k P Na®
ACIF & 30 2 5 T Sh R PR Y NaCl e, i
EhVE SR 10 T8 B AR AT I Na  Cl & B AR T 2 1 59
(PIETAES , 17 2 Fofr 6 23 B8 75 2 PR AR AR AR AR 2 P 19 AR
KEWR S, BB Ma T % ARG At Cat
Mg 55 £ PR ARG FE /N T B R0V 2R SO AN [ 58 B
NaCl B R W2 BERE H F Na C1ZE 8 Fhiy™ i JC 2 A0 X
Fr RIS A SRR RTIA A .
NaHCO;NaCl 5 ¥ T-7K , %) o] fif 25 tH Na*, {H [A]
I NaHCO; 72 Bl P £ , 15 4 e 38 1 53 B o] 52 S0
FLZ v pH e . & pHAE 2 ™ B 5 0 - 45 4, 1
o SEAH AL A A, BRI R 40 He P 1 FEL AT P47 A0 pH
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FaZs , B HEYINT K 7 FUE F=P) 5 . wl i,
pH A& HE A e 87 3 sl il 1 S5 198 5 e 1) B AN A
5o 5 NaClF 2P 2 a2 5 pH A,
AR BRBR 1 pH #4858 0] £ 58 KARFE B i Y <
LT, 3 AR R WS FH R B 5 NaCl e 5 2
[f)Na's [E]IF, Bt pH PAEEIE 520 PL.Ca Mg Fe.Zn
SEH 0 TG 2 IR R [ RE AR B ) B2 2 T
THERX”, I F B M EERE . AR SORAS
[ 55 & NaHCO; 38 "N WP BE G R BRI A Na. Cl ot
SE RIS R R, Na gt 3 & 238 KfE B2
KT NaClia F , 11 Cl G 3= & & 1 i e 2 /1
T NaClie T, SA L R SRR AR .
TR BRI E E CaCOs
S KM I ()58 0 1 S A AR 3 Bl T TV
R T T A ATV R T T B R AR R Il
FIH, HoXf Fe 76 R A B 32 2K Fe #h 4%
N Fe#ho CaCOs & EAN , 1338 pHAA I e F
ANEL W USRS AR K E . ik L
B b in A A R & CaCOs, &ML Zn 11534 K pH
{E X CaCO I JE 9 BURR, % -3 P T K P H B
EEEAEN, I E W 1% Na' - Ca® &2 e
B, WL, A R 3 ) CaCOs ), FFARAR
SR UTTETEYI N , T /2 B35 2 5 1 338 I Rk B A4 14 J5
TV RSP B S B o3 3B R AT A4S B AR KA
A AR R A i 2 It 22 P o e SR R B R T £
AL RS REAR R (0 43 B 45 S AR B SCRFAT IR AR
A AR IS I A o A RS 2 5 pH 5 i 48 e
pH FIAH G e AR AL, X i R &5 Fis
i A0 BB G il Ca™ M5 5 AR iR S5 i AR 1) i A
FiE 5 28 BB AN, PAE J5 22 7 o A
EHFEAIR KRR E IR T $h7 B FEEA
WX BB 7 L RE 7T . X-3 2R R 0 A vk 78 46 R
TR NI 52 70 2 A0 73 A R ff e A A BT e
H S5 PEGE N R TT HE k&2 3 0. 6
WA BT T 2R AR T 25 48 WROSOR) Y BRA7AE , il ik
R TT RN B S HE B R B UM &M
o MY A AR R A 2R SRR 71X
— 3R, aoxt R iE N KEZ (Hordeum vulgare)™ . &
W (Ziziphus jujuba ‘ Jinsixiaozao ) #R 42 o B T~ filt 35k
A TN o TG e 3 s a1 N 7 S N
(Aloe vera) 43 B 143 AT [ 73 Ao ATEAS 288 SR AR
[RIBIE 5T HRE A R A [RISESTRR . A ST I/ A

SRR WRERG  ARRT R TR B A S
PERTAM i (H X B H SR e Bk b, 0 R R 1)
i, R BB AN A K Ca 7o & & B8 ey » AR B4
HfiNa.Mg.P.S.Cl.Fe ;L & & 25K ; Na . Cl TG & AL
I 2L 203 240 it R I 20 2 23 4 i P D R 2 RN
LTI IE  HO HE R AR (R B AT R
Ji TG 3R & w5 A AR AR I RE M (H B R A
ER 3 SR [ R el 3 B8R N KM . CaCOs i
B, WG Na o & & & BARFRK, (H Mg P,
K. Fe TR BB ZH R, SACI TR EF 5, Ca
TG & & B KR TE s NaHCOs 8 55 51 & NaCl i
T MHAKTERSERHEAGR®EBEM, HC
JUER RS, Na e & &2 KRS+, Mg P.Fe.Ca
LR G REDERC. HubE S ERE R R
JCR RO R B & 2K 5 PRI EE N
AR, I A 2H 2L 4 i o Na  ClLLK Ca JG & &
& & K/Na.K/Cl. Ca/Na. Ca/Cl “F- i ¢ £ I & 2 24
A, N SEUERAS FiEL ERER M E BN
il AR, 3 A ER A b Rt 4 E TR S
TR, X R BEAR R AR 1) A2 K R B MRS RAE
A E AR AR ) SCIGE .
WG A Tl A Tt A AR A ot P i 8 B 1R B
s, JE T B AN R CRIE T — e R
o5 FF) R AT ol A P 2 R L AR B AR AR . o T
S I T AEAE 15 RN R Al AS HH U SR A H A
55 PR 3 P R A () pHLAEL 038 R 5 O R 28R
DUIR IR R BRATARAE 5 FlbH A il A Hh 2 AL L e mit i
PE, O RRRE FRE R 48, 1T B S A ARG 3 i aE B
BURIURR s TR S5 A M AR B E B A A R 414 B it
P , £ A7 A1 5 BH 2 46 LU AR B IR Bl s 40 48 S5 BIF FE T 9%
BH 546 < AR ) 8 > 4 22 J AR IR sl e, 95k 4 3 A il
Bl 5 il A i e, L e D 1A S 9 A T B Al A %
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4 #w

b B 4 X NaCl 38 802, H 7% - NaHCO; iy
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KR . W BERE SR B — e B 3 5 e
Jr AN R A ZR AN 4 B DX Ak 20 TC YD 8 T 5 AELAS [] Fof
G FEE 1) R Bl Bl 35 m X 3 3 R 0 3
I3 T B AR R AR AR, JUH 2 Na. ClL
K. Ca 4 il Jii 76 2 1) & & M K/Na.K/Cl. Ca/k. Ca/
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