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Table 1 Effect of acid and salt stress on the biomass of ginger
Ab - B /g ES v M bt & /g MRt /g
CK 146.60+1.64° 298.33+1.53" 77.77+0.38" 305.51+5.03"
T1 140.42+0.75° 289.00+5.00° 76.37+0.95 296.27+6.18"
T2 70.20+0.58" 144.13+2.25° 34.86+0.71° 114.30+7.95°
T3 85.55+1.06° 181.81+1.79° 44.57+0.85 164.50+7.24°

[ B E s J5 A )N TR RN 22 7 1K 5% W 3 KT, AR IR .

AL HERE A B /mg gt (FW) >

P5CSIEM/U-g! (FBH) >

(@)

ProDHiE /U g (R H)

40

30

20

10

20

10

OCK BT ®T2 AOT3 B 15- @CK 8T1 BT2 @T3 a
ab B b
= a
L n b aa
b @ & 10} % == b
£ d s N ‘Hec
a ﬂ]]ﬂﬂ'] im . i —
" b C Cg <”I - - f‘i—
d c € ° T - -
d ¢ | X ,: e 5FT. i i T
L = B T . im esal L - =
= I 5 = &K :| :I :l
. l: s : . :l I . - . - ) - '_5(
. T - - T 0 o o I - I
HIHH KR RER KM A R LEES YN ]
P19 TR A R SR Pl 3 T S I TV R MR T 3 P £ 1 £ R
Fig.1 Effects of acid and salt stress on soluble sugar and soluble protein in ginger leaves
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Fig.2 Effects of acid and salt stress on proline metabolism in ginger leaves
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Table 2 Na and K content in different organs of ginger under acid and salt stress

Nafy#/mg-g' (DW)

K& & /mgg' (DW)

wmE Ab R
AT KA lEES VN i YT R lEES YN ]
R CK 6.81+0.28° 8.78+0.28° 10.09+0.28° 25.39+0.67" 31.57+1.16" 27.3240.67"
T1 7.14+0.28° 9.43+0.49° 10.91+0.49° 23.45+1.16° 26.93+1.16° 25.00+0.67°
T2 16.49+1.36° 23.72+0.49" 30.12+0.49° 16.88+0.67" 15.33+1.16" 9.92+0.67°
T3 10.50+0.38" 18.30+0.49" 24.70+0.49° 19.20+0.67° 19.97+1.16° 13.01£1.16°
i CK 5.66+0.28° 7.96+0.49° 8.61+0.28° 31.18+0.67" 36.60+0.67" 31.96+0.67"
Tl 5.82+0.28° 7.14+0.28° 8.78+0.28° 28.09+1.16" 34.66+0.67° 30.80+0.67"
T2 11.40+0.49° 17.31+0.49* 23.06+0.75" 20.68+0.67" 17.20+0.67° 12.24+0.67°
T3 7.96+0.49" 14.03+0.75" 18.96+0.75" 25.77+1.16° 23.45+1.16° 16.11+0.67
RES CK 6.31+0.28° 7.63+0.28° 9.27+0.28° 26.55+0.67" 35.05£1.16" 43.17+1.16"
Tl 6.15+0.28° 8.61+0.28" 8.61+0.28° 25.00+0.67" 33.50+0.67" 41.24+0.67"
T2 13.05+0.28" 20.76+0.49" 25.69+0.49" 18.04+0.67" 17.27+0.67° 12.24+0.67°
T3 9.43+0.49" 15.84+0.49" 20.93+0.75" 20.75+0.67° 22.87+0.58° 19.59+1.77°

PAT2%: &, T3k, TIMCKEAL, an 251 ki
T2. T3ZEMZENaS =2 M CKIE AN T 177.13%A1
125.78%; AS[FJIN) #H 22 % 48 B Na & 23R I 9R>
RZE> . EREANERK ], T3R4 B Na B =22 E K
FT2, H-#HWEFESTCK, HTIECK L EF
ZE 5t

AR %4 HK S BN 5 Na B E A
[, 24 FHANT2, T3FHEKTRELEEMKTCK,
HIEAR FBEA AR AT 8T PG TS 28 B K
R E (KT CK, (EREMEE /N wn & AR

T1. T2, T3EMWEKEBECKS A KT
4.42%. 50.73%. 34.75%; T3M J FIARK S B T2
3 R = T 36.34%H130.27%
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H 31, 448 F Catr BRI >R 25>
R, HBEAKMETEREMES . T2, T3EX
A E P Cafy 5 35 b i 28 B[] 1) 228 K T 3 T BRI,
HUT2REIER K, TIZSHEECag BEHREmT
T2, T3, (HR RCaFy EHCKILREZER, H &
WZECaZ BN EZFH K TCK., NRIAEERSE
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Table 3 Ca and Mg content in different organs of ginger under acid and salt stress

Catrf/mg-g' (DW)

Mg##/mg-g" (DW)

wE Ab
21 R lFES VN i YT KA lEES YN ]
it} CK 11.16+0.85 13.86+0.41° 14.38+0.18" 11.38+0.04" 9.09+0.03" 8.91+0.31°
T1 10.92+0.22* 13.72+0.36" 14.27+0.31° 10.94+0.03" 8.87+0.07° 8.53+0.13"
T2 7.83+0.19" 5.85+0.08° 4.76+0.37¢ 6.35+0.04 4.43+0.14° 3.21+0.08"
T3 8.50+0.06° 7.50+0.51° 6.79+0.38" 7.110.02¢ 5.34+0.05° 4.24+0.08°
i CK 19.45+0.11° 20.12+0.19" 20.31+0.33" 12.93+0.07° 14.37+0.14° 12.64+0.03"
T1 18.85+0.09" 19.56+0.07° 20.08+0.14" 15.03+0.39" 15.31+0.08" 11.47+0.24°
T2 13.99+0.16 11.18+0.17° 8.29+0.24¢ 8.73+0.24¢ 6.87+0.05 4.58+0.03
T3 16.77+0.12° 14.35+0.25° 12.26+0.2° 9.18+0.15° 7.28+0.13° 6.27+0.08°
iTES CK 14.18+0.88" 16.36+0.09" 15.01£0.38" 9.05+0.04° 8.86+0.07" 7.04+0.12°
T1 12.97+0.15 15.10+0.53" 13.95+0.66" 10.06+0.11° 8.39+0.11° 6.90+0.07"
T2 7.28+0.27° 6.27+0.08° 5.38+0.14° 7.24+0.02° 5.52+0.12° 4.58+0.03¢
T3 10.21+0.27° 8.10+£0.07° 6.99+0.26° 7.95+0.19° 6.42+0.03° 4.99+0.06
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Mg& B 5Cafy BRI A—F(5R3), JREPIEHEA
ALK, T2, T3% 4 BEMgE 25K CKIE 2 [E1K,
HT3RE & T T2, TS CKIE AR A, A
CIECNENER S = [ S 7 S E R UIF TS =P )
Ca. Mg lie, TR I pHAE fe {2 2k 2 pia ~ 22
XfCa. Mg S FIH, ITTHe e & & .

3 Wi

AR B A OO 3 e . PR AR . R
18] BRI R AR & 38 B AR &, IR AR AR K
KAE(FHEI0AE2018; Zhangd52018). AW AL,
BMERRME A T2 A E,
JoJE U PR T AR MRZE . XM AT,
AR T HAC N LRSS EEYE S T8 —
hACBE, K UBACpH T LLSE fiff £ 0 A8 X6k 22 48 ok
pER- AP

BN, AN A AR R — L0
BRLRHAEIEZEH YR, DA s E
B, YRR IR AW (Yind2013). BRI,
NaClpi ~ #/N &5 (Malus xiaojinensis) (&R
#2014 ML 3L G 3L (Pyrus calleryana) (A 5E
2019)rl MR B A R R T R, T R Y e
MR, NFE (Triticum aestvum)M Al % 2 (1
O B T R R R P T 1 o T PR AR (G 1475 552008)
AT TR I, BACpHA EL I8 5640, Z2mt vl i
PEREFI IS E O S 2SN, HAR SR
MR G R MERIE N —FEERNAIE
RV, R ARYISENE A EEEH . EY
W SRR G R B R 2R AR, AL-IE R k-5 2 R
A EE(PSCS) & B R RIS AL O L6 i, &
AR E LB (OAT) 2 AR IS WAL O EY)
B, T i 2R Bt U (ProDH) J2 il 20 RR 70 AR
W 3 PR A . AT ORI, B pHA SR B
PR T 2 FPSCSHIOATIE M, F41% T ProDH
T, AR T I ER AR R, GR i SR a0 24 P 1)
it .

R 2 IR R AR N ) & T, Sl
PRAK A Na s BRI, 14 5 1 X B 2 A [F) 21 23 A0
IR AR AN B 1P B IR 2 —(Peng®
2016). AS[FIREAR I BT X 3k tb 7 AN D, i, /s

F(Zou%2018) 1 e e Nafd RAEAR v PH AR
Hl|(Nitraria sibirica) (254 B 252017) A 45 % Na
B IE I NS JIN(Citrullus lanatus) (5 755
2010)INaF ZEAEAR AL R . A5 LI,
FM . MRZEAI P Na 270 2 bhin N B,
FEUMRP SRR, HRSHAZTWMIET, 2%
A ENaf BT 8 — A3, X 7] 55 B AKpH
BB = 40 ML 5 LI FAL 2 3%, AR T HESNa /H )
)% 12 B ¥ Na HE H A 5C(Zhang%52008) .

KAYENEYIEF B0 s, fmrem
VA 5 G T YRR I B TP, ERE N T
BR138E B b L % B 2 FH (Gratten fGrieve 1992).
KA R B e BRI T E SR EKE =, A
W B AL N ) 2 1 2, 3K AT B A2 Na AT AT A A
f 8 T2 AR KA RS, Nagx 35 4 KW Ichs i, §3
KRz B & R S A a4 T, 2%
BEKS R TR A, X RS MRk
H {2 A 0 I H - ATPase /K il #2 (It 55 1 5 i 5% i
377, AR T 4H ANa s A %, CafiiMgn] PA4E
FeAE WSS AR e, X O Rt i 5 B PR B
o BRI, ShIERTH0HI{E A (drachis hypo-
gaea) A5 FATK. CafIMgrt 2 IR SR 2R (5 e
Je452018), AN A I HAA 1) FEAK, A (Citrus
grandis)H CaFIMg (1) & &b (Ji =g 552018)
AR 50 R I F ] T 2R CafIMg IR IR, BRI
T & A E CaflIMg sy & 1M 7EAH [R] BRI B2 26 A,
BAKpHAL B B E e T £ &2 B CafiMg & &, Uil
BF & P R A T DA 5 6 3 R 22 5% Ca MM g IR
e, IX AT R SHFEK T il Na & &= 5.
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Effects of simulated soil acidification and salt interaction on mineral
elements and osmotic substance in ginger

YIN Feng-Man, CAO Bi-Li, XU Kun’

College of Horticulture Science and Engineering, Shandong Agricultural University, Shandong Collaborative Innovation
Center of Fruit & Vegetable Quality and Efficient Production, Key Laboratory of Biology and Genetic Improvement of
Horticultural Crops in Huang-Huai Region, Ministry of Agriculture, Taian, Shandong 271018, China

Abstract: In order to investigate the effects of soil acidification and salinization on the growth of ginger, this
paper used potted sand culture to simulate soil acidification and salt stress environment by adjusting the pH (6.0,
4.0) and Na' (0, 100 mmol-L™") levels of Hoagland nutrient solution, and study the changes of the content of
mineral elements (Na, K, Ca and Mg) and osmotic substance in various organs of ginger under soil acidification
and salt interaction stress. The results showed that acid stress only decreased the growth of ginger stems and
leaves, and salt stress inhibited the growth of various organs aboveground and underground, but under salt
stress, low pH could reduce the toxicity and promote growth of ginger. Salt stress could significantly increase
the content of soluble sugar, soluble protein and proline in ginger leaves, enhance the proline synthesis related
enzymes Al-pyrroline-5-carboxylic acid synthase (P5CS) and ornithine aminotransferase (OAT) activity, and
decrease proline dehydrogenase (ProDH) activity; but acid stress had slight effect on the content of osmotic
substance and the activities of proline metabolite. Under salt stress, the content of Na in the organs of ginger in-
creased significantly, and the contents of K, Ca and Mg decreased significantly. The acid stress had no signifi-
cant effect on the related ion content, however, low pH could reduce the Na content in various organs of ginger,
regulate the absorption of K, Ca and Mg, increase leaf penetration, maintain osmotic balance, and thus reduce
salt damage to ginger.
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