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Abstract: The acidity or alkaline soil in many areas of south China is the main abiotic stress for citrus
plants. Selection of rootstocks tolerant to high or low pH condition is very important for citrus production.
In this study, 8 different citrus rootstocks including Shiikuwasha ( Citrus depressa Hayata Blanco), Zhuju

(C. reticulata Blanco), Shantou Suanju ( C. reticulata Blanco), ‘Goutou’ sour orange (C. aurantium L.),
Carrizo Citrange (C. sinensis x Poncirus trifoliata), Ni 8047 (C. junos), Daoxian Yeju (C. daoxinensis
Blanco) and Niedu Yeju (C. reficulate Blanco) were used as materials to evaluate the acidity and alkaline
tolerances and screen for the superior rootstocks with better tolerance. Under acidic and alkaline treatments

(pH 3.5 and pH 9.0), the symptoms of plant were observed. Meanwhile, the physiological and

biochemical parameters related to the abiotic stresses tolerance such as MDA (malondialdehyde), soluble
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protein, Pro(proline), SOD (superoxide dismutase ), POD (peroxidase )and CAT (catalase ) were measured.
The clustering and comprehensive subordinate function analysis were performed to evaluate the stresses
tolerance. The results indicated that observed symptoms were consistent with the measurements of
parameters. The Shantou Suanju, Shiikuwasha and Ni 8047 showed great tolerance to low pH stress (pH
3.5), while Daoxian Yeju and Niedu Yeju were susceptible. Zhuju, ‘Goutou’ sour orange and Shiikuwasha
possessed good adaptability to alkaline condition, while Daoxian Yeju and Niedu Yeju were sensitive.
Shiikuwasha demonstrated better tolerance to both high and low pH stresses with great potential to be used
as rootstock or breeding material.

Keywords: citrus; rootstock; acidity tolerance; alkaline tolerance; comprehensive subordinate

function analysis
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Fig. 1 The symptoms of Daoxian Yeju and Niedu Yeju 40 days after treatment at pH 3.5 and pH 9.0
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Table 1 Changes of hazard rate and index for the 8 citrus rootstocks under acidic and alkaline conditions within 40 days

ZH#HE (J5H0 /% Rate (Index) of acidity/alkalinity injury

pH fili K Rootstock

3d 6d 9d 12d 20d 30d 40d
3.5 J& 8047 C. junos Tanaka ‘Ni8047’ 0 0 0 0 0 0 0b
KBRS C. sinensis x P. trifoliate ‘ Carrizo’ 0 0 0 0 0 16.7 (3.3) 33.3 (13.3) ab
i #B¥F G C. reticulata Blanco ‘Niedu Yeju’ 0 0 0 0 0 40.0 (8.0) 80.0 (20.0) a
WiIkERKG C. reficulata Blanco Shantou Suanju’ 0 0 0 0 0 0 0b
1B HL¥FAG C. daoxinensis ‘Daoxian Yeju’ 0 0 0 16.7 (6.7) 33.3 (13.3) 333 (13.3)  66.7 (20.0) a
Ji*VMfi C. depressa Hayata ‘Shiikuwasha’ 0 0 0 0 0 0 0b
KK C. reticulate Blanco ‘Zhuju’ 0 0 0 0 0 16.7 (6.7) 33.3 (10.0) ab
Hk#% C. aurantium L. “Goutou’ 0 0 0 0 0 20.0 (4.0 40.0 (8.0) ab
9.0 J& 8047 C. junos Tanaka ‘Ni8047’ 0 0 0 20.0 (4.00 20.0 (4.0) 40.0 (12.00 40.0 (16.0) a
REWRRE C. sinensis x P. trifoliate ‘Carrizo’ 0 0 0 167 (33> 167 (33) 333 (67 333 (6.7) ab
H UG C. reticulate Blanco ‘Niedu Yeju’ 0 0 0 0 20.0 (8.0) 40.0 (12.00  60.0 (24.0) a
WISKIAG C. reticulate Blanco ‘Shantou Suanju’ 0 0 0 0 0 0 20.0 (8.0) be
18 LY A% C. daoxinensis ‘Daoxian Yeju’ 0 0 0 0 16.7 (3.3) 333 (10.00  66.7 (23.3) a
iV C. depressa Hayata ‘Shiikuwasha’ 0 0 0 0 0 0 Oc
KA C. reticulate Blanco ‘Zhuju’ 0 0 0 0 0 0 Oc
Hisk# C. aurantium L. ‘Goutou’ 0 0 0 0 0 0 Oc

E: AFRNGFRERRA RS MEH LI T EZ7 8% (P<0.05) .

Note: Different lowercased letters indicate significant difference at P < 0.05 compared to the control.
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Fig. 2 Cluster analysis of 8 citrus rootstocks based on the rate and indexes of acidity-damage (pH 3.5)

and alkalinity-damage (pH 9.0)

pH 9.0
J L L L L L
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WM 2 Pron, {ER/AEAEEET, MDA & sk JE 8047, kAR M i Ak B A rh o0) i
RN, KNGS AL TG R 22 5 MOSRE A R L ARURS A TR A BT LSk FELAEE 38
8 N Pro S FEAE R/ AL EE N 150k UM b B 25 10 (36 2), e RAR L NSkIRKG . JE 8047,
PSP . 5 FR A F EL EPAT PR R R A 2 ) 22 S AN S s A R R B RS E B AL B (3

m TIRAL R
#*2 B/BLET 8 MHIBMALEER
Table 2 Physiological index of 8 citrus rootstocks under acidity and alkaline stresses
AR o MDA/ ?f?-w?‘FW) ?TI;: &f_gim sob/ oD/ AT/
Rootstocks (umol - g FW) Pro Soluble protein (pg-min" - g FW) (ug-min" - g FW) (ug - min" - g FW)
PN 3.5 405+0.75a 30032+1430a 2.15+024a  543.18+7.08b  9733.80+476.23a 69.74+520b
Zhuju X/ B Control 2.75+047a  4827+2.06b 1.11+£027b  427.03£17.77¢  6576.00+186.95b 88.00+1.63a
9.0 3.58+0.50a 30827+34.78a 1.68+0.05ab  604.62+22.50a 8593.33+264.70a 83.20%6.93 ab
MIEN ¢ 35 937+0.69a 221.16+24.04a 2.64+028a 52553+1532a 8067.67+425.15a 198.40+5.63 a
Shantou Suanju X/ Control 526+0.12b  35.16+1.87b 130+£021b  250.51+£19.94c 5918.67+237.62b 20320+ 9.45a
9.0 10.64+134a 16820+16.58a 1.21+0.10b  357.93+1496b 8014.67+124.38a 116.80+7.05b
Je 8047 3.5 847+1.16a 17821+33.20a 1.76+02la  38537+3431a 8216.82+184.75a 164.80+231a
Nig047 X HE Control  4.95+0.67b  41.10+1.07b 096+0.15b  263.74+19.06b 7653.33+14524a 18720+ 17.57a
9.0 1057+ 1.14a 14347+1677a 1.07£0.04a  250.89+16.58b 7852.00+173.59a 78.40+8.50b
it Al 3.5 9.13+£0.64a 137.92+14.78b  2.16+0.16b  381.10£9.68b  5105.99+225.66b 63.07+4.89a
Shikuwasha X/ Control 4.07+0.18b  45.55+2.01¢ 0.98+0.16 ¢ 391.72+28.78 b 5304.00 +240.50b 84.80+7.86a
9.0 494+028b 182.92+6.09a 231+0.14a  49587+14.19a 13892.00+653.26a 81.60+7.86a
i S B 35 6.18+0.10a 207.39+3496a 1.01+0.13b  408.32+23.68b 8016.00+107.92ab 131.20+£8.47 a
Goutou X B Control  3.96+0.14b  51.48+2.34b 1.09+£0.10b  342.88+£26.54b 5994.67+233.66b 161.60+4.44a
9.0 5.00+0.69ab 252.74+23.60a 272+0.19a  528.58+18.57a 9188.00+273.32a 134.40+3.58a
R 35 9.41+£091a 12241+2024b 1.76+0.13a 250.17+12.89a 10629.33+779.99a 136.00+3.36b
Carrizo %I Control  4.86+1.08b  34.88+0.66 ¢ 1.11£027b  259.67+27.70a 8634.67+432.94b 187.20+20.88 a
9.0 7.61£0.75ab 179.70+22.78a  1.03+0.11b  241.98+274la 8284.00+132.73b 129.60+1.81 b
S HR U Al 35 10.87+099a 147.64+3244a 097+0.04a 219.85+16.67b  7578.67+384.26a 172.12+14.76 a
Niedu Yeju  Xffi Control 422+049b  80.18+4.49b 1.07+0.16a  312.09+18.78a 7210.67+393.67a 216.00+ 16.86a
9.0 11.48+037a 143.12+14.06a 1.15+£0.05a 172.14 £ 11.68b  6404.00+151.52a 97.60+2.95b
& L HT A 35 1181+0.60b 19287+12.04a 126+0.08a 186.39 + 14.65b  6949.33 £320.98a 96.00 +10.03 b
Daoxian Yeju XJJ# Control 521+1.05¢  63.50+1.98b 1.13+£0.04ab  28830+2559a 6917.33+237.17a 198.40+6.92a
9.0 16.13+0.72a 16635+26.55a 0.82+0.16b  216.03+23.36ab 7264.00+284.18a 70.40+2.69 ¢

VEe S ] AN P BERORTE P < 0.05 KCE TR 725,

Note: Different letters indicate significant difference at P < 0.05.
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ANFIBEARAE TR /BRAL B R W R A S AR AR . SR RAR L, SR ERE VA TR A
TEERARE RICIT, KRG WEKERG . JE 8047, - HLAE AR A i A7 Lo i 25 48 m i
A S B AN IE EL B S0 2 S AN s TR T, 8 8047 VA RIMD S B I A 2 1, ARA S il
St REEBEMIEE RS IRERA RS (R 2).

ARV RS ARAE /B35 ) SOD iEMEAR AR (3 20, R RS B RG] 22 5 RS
iR, T B PR ERRAC PN W PRI i A R SR AERRAC P R W JE 8047 1K)
SOD i PEAERRALBE T 200 AHE A Sk FRA £ R/ B A BT 45 S 25 44

ERRAREE, Je 8047 SkHREF A ANE BB AG ) POD ¥ MEAE MR /MR B By B2k KA
RN SK A £ TR B AL BN S 000 s VA CE B BE R 220 S HLVE AR RS AE IR AL BT 1089 e
Fo TORAC R, (E 0 IR AN B M SR AEBRAC BE R EO TR N, i R A AE R AT EE
ERARE .

TERRIESAF T ARG . R AR RE B RGN CAT WEPE T BE: WISk JE 8047, HSEFIE
FE DI RG ORI AL FE N PR T AR A Sk IR A 1F N S IR ZE R AR E (R 2),

2.4 FHARTHERE MRS ST

N T LR AN [F R A (R R /B 1, W BR B —4RAR I T, 4 &% A2 BEAE AL FR AR A A T 1R/
Tk R, R R R S AT A DG Ak 2 At AR A4 AHOC R TA) B AH DG R BUHE B s AR Jadiid 3 1oy
Gy BT 7 A B 5 0 BRI PR () DTER R, IR RS DT eR R AR, SR SR R HER A VRN

TERME (pH 3.5) 451 1, 6 M EALIRAR AN R REGE v W3R 3. dl b X 6 A B A1k
FRFRICAHSCNE AT, SAFAFFRARAI A RS (R 4), MDA 5 Pro 2 & i415¢; SOD 5 Pro.
CAT W3 1EAH K.

R TR 12 28 803047 32 16070 B LA R SR Ja e o M P A i g SR sk 50 Tl B Ry 7t % 6 A
BRI AR IR T 1 0 2 DR GV IR, H R Tk AR A 2 82.989% (> 80%); [ AR
P SR J pR B LA S T s vT kR, SRA 2 AN R R BBLE 43000k 0.555 FH0.445 ., AR S JE pR 2K

R3 HEGAERE BRI /R R

Table 3 Coefficiency of physiological and biochemical indexes of 8 citrus rootstocks at pH 3.5 and pH 9.0 %
pH  fifi/K Rootstock MDA JHi % Pro R . SOD POD CAT
Soluble protein
3.5 KK Zhuju 147.42 622.16 194.08 127.20 148.42 79.25
WISk A% Shantou Suanju 178.15 629.02 202.95 209.79 135.57 97.64
J& 8047 Nig047 171.11 433.60 183.38 146.12 107.36 88.03
Ji K5 Shiikuwasha 224.36 302.79 220.85 97.29 94.57 74.38
3k #% Goutou 156.06 402.85 92.81 119.09 133.72 81.19
R A Carrizo 193.62 350.94 158.28 96.34 123.10 72.65
H B IF A Niedu Yeju 257.58 180.40 90.57 70.45 105.10 79.69
1 LL ¥ 4 Daoxian Yeju 226.68 303.73 110.88 64.65 100.46 48.39
9.0 KK Zhuju 121.38 401.58 235.62 126.59 261.92 96.23
WISk E A% Shantou Suanju 202.28 478.40 93.02 142.88 133.53 57.48
J& 8047 Nig047 213.54 349.07 111.49 95.13 102.60 41.88
Jii K5 Shiikuwasha 130.18 638.63 151.44 141.59 125.61 94.55
3k #% Goutou 126.26 490.95 249.94 154.16 153.27 83.17
R AR Carrizo 156.58 515.20 92.63 93.19 95.94 69.23
F B IF A Niedu Yeju 272.04 178.49 107.37 55.16 88.81 45.19

it HL¥F % Daoxian Yeju 309.60 26197 7229 74.93 105.01 3548
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R IR S AR TR BRI LA VPN E (R 50, Mg R, WISk s 5V Fm Bk, &
) 0.868, KM ERIER A, HIKIEIE 8047 Flwi FAd, FRUCRANG . M. KRR, ik
I3 59 IR A2 T AR A AL B BT A, 43000k 0.232 A1 0.132.

TEBEIE (pH 9.0) ALBER, dfid 6 AN BRI o R 2L (3 3D, 6 NMAEFLFRFRIACHE (£ 4
A KR TS Bk, R B3 AT 5 170 43 W ISR S8 iR B o s SRA S A AR I e 25 G VPN (R 5D, 4R E
AN PGSR E VP B R, 1A% 0.682, U LB 5, JLURAM A RIURRE, 4390 0.652
F10.619, FRUGEMELIRKG . BB FIJE 8047, i fisi i 5 59 1) 5% #5 B b Anid HLBF 4% 2 590 0 0.094
F10.085.,

I R/ PR 2R A LA T A, BRVEAREER, WSkIRKG . JE 8047 Flm Vi &5 & VAN E LU
i PR T i B AR BE R, i A . MO SRS FURAG SR A VR E LA iy, Tk s TG e BRI A2
AL TR, S S Y A R L AR PRV PR XA 2 T TR DI PR P R B R A o, X AR A (2014)
RIBRILE R —F WM ZEE VI &5 R S IR R g2 45 1 — 3

R4 MERHAEIRE ISR TER R ERIE X REER

Table 4 Acid-tolerance correlation matrix based on physiological and biochemical indexes of 8 citrus rootstocks at pH 3.5 and pH 9.0

ETEEA

pH $EFF Index MDA Jii% 1% Pro . SOD POD
Soluble protein

3.5 IR Pro -0.824"
Al A Soluble protein -0.315 0.565
SOD -0.630 0.832" 0.558
POD -0.792 0.797 0.116 0.557
CAT -0.439 0.526 0.391 0.813 0.456

9.0 [ 8. Pro -0.801
¥ A Soluble protein -0.733 0.310
SOD -0.781 0.802 0.623
POD -0.579 0.192 0.764 0.516
CAT -0.922" 0.731 0.768 0.727 0.678

T AP R IRTE P<0.05 fil P<0.01 K FR#EZESR
Note: *and ** indicate significant difference at P <0.05 and P <0.01, respectively.
£S5 HIES HHANETFENME. REEHERESITNME
Table 5 Values of principal component factor score, index weight, subordinate function value and
comprehensive evaluation of 8 citrus rootstocks at pH 3.5 and pH 9.0

A F s R FE sf i R BB LAV R

pH Principal component factor score Subordinate function value Comprehensive
Rootstock . Order

Cl C2 Ul U2 evaluation

35 KA Zhuju 2.152 -0.808 0.861 0.222 0.576 4
I3k #A% Shantou Suanju 2913 0.718 1.000 0.704 0.868 1
JE 8047 Nig047 0.832 0.770 0.620 0.721 0.665 2
Jii T4 Shiikuwasha - 1.045 1.655 0.277 1.000 0.599 3
i34 Goutou 0.497 -1.513 0.559 0.000 0.310 6
- FLERUE Carrizo -0.376 -0.284 0.399 0.388 0.394 5
LRI RE Niedu Yeju -2413 0.034 0.027 0.488 0.232 7
15 LL I G Daoxian Yeju -2.560 -0.572 0.000 0.297 0.132 8
TIRE (%) BE 46.020/0.555 36.969/0.445

9.0 KN Zhuju 3.088 -0.319 1.000 0.176 0.619 3
ISk & 4% Shantou Suanju 1.061 -0.555 0.669 0.098 0.405 4
J& 8047 Nig047 -0.825 -0.489 0.360 0.120 0.249 6
Jii V4% Shiikuwasha -0.527 2.184 0.409 1.000 0.682 1
i3k #% Goutou 1.371 0.886 0.719 0.573 0.652 2

| B AR Carrizo 1.323 -0.853 0.711 0.000 0.383 5

BB EF A Niedu Yeju -3.028 -0.235 0.000 0.204 0.094 7
15 LI G Daoxian Yeju -2.463 -0.619 0.092 0.077 0.085 8

SURE (%) /BUE

48.483/0.538 41.644/ 0.462
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3 e

TN, MWL ER I R & R gk th, P2 A KBRS FE R (Storey & Walker,
1999), 7EISEEMRE NAARIIAN MU ORIl R G0 56 22 AR BEAE S dnd8 4 AR 24k (Zhu, 2001; Bian
et al., 2013; #i&5 %%, 2014; van Loon, 2015), KRIHHIMIAEEE40F F 1A B A AL bR A4k AT LA
RTINS (Y 4%, 2016; Zhang & Zwiazek, 2016).

W (MDA) 241 f i ok Ak i =2 —, S mfl— e % LT DR os Y 521
Bt HWRRRE (A4, 2001). AP TERR/ARISEEL N, 7 PG ¥ MDA 5 & DA -5 59 1)
AT G A TE LB o MDA SN2, eI RO A . SR L AR T AR B,
KE RS (2011) PS5 FARLL. ISR A D KN I — ST, 5T R R il
PR R S 1 40 B I T AR i B R R O 5 (=R, 2009) . 7ERR/BRINEE T, BRin P 2= 1 &
HBEFA A, oAt 7 AR A b bEo6S R 2538 0, 1% 5 255 42 (2002 Li F1 Fukuda(2010)F1 Kostopoulou
2 (2014) [ FARML, (HEZ0UNEE (2014) (EMEAZ MO I 1 o 1 45 RARVE, IR & A
B AR S SR 2, 38 SR O R AR AR R — DR ANFAY AT A R A
NS 5BIET I EEY T, WS ME 05 SRS BOR B s R B A, AN IR
YIEIE B R T PR A AR S AN, SKaKEESS (2009) XHERACEfE, R4 (20160 X
A TR S Hh 28 R T 1A 55 P i o Ty e R A X v s AN v i 7 2 i ) S ARG - ) 8047
KA R YA B0 T s e i R e (UL &5 SR AR AL

RIS BE R AR 2RI TESL, SOD. POD I CAT Niliks N M d i 245 b i) 3=
FREE, MY SOD HiE A 454, 11 POD Ml CAT F:[mI/E FHHEATIG B, M3 sk 10 5% () 4t
P£ (Gueta-Dahan, 1997; Blokhina etal., 20005 £ =4, 2009), 7EAHFFTH R R 1 55 F Al =k PR A
JE 8047 FIAARGI¥) SOD ¥ P AFXS % FE k2 44 15y , 1117 T P82 12 559 1 S #1643 EL B A% (1) SOD i 4 211
B, X5 Abedi Il Pakniyat (20100 X Ti8E ~ SOD v Tt AR B 1) &5 18 — 2 alisk
FkE ARG AKY KPS POD PR M n i 2%, Sl Ao B i e n A B %, 5
Kostopoul 55 (2014) I}y POD JiEPEM s HE DR (E 0 55~ AR K 4518 & AIRE T CAT 35k
By BB s, TR PE SRR IR JE 8047 FU VA% CAT ¥ 1 FAAR MR 3 BL i 55 38 L B A
FISE AP /N, 171 Campos 55 (2011) BHFFT A I P 8 1) % JE IR AR CAT Wi HEAHXHIG,  BrAa sk Ay
PR (2002) WCHTEKFE b CAT FEMEAEIES MR, HEA RS /Y58 T Bt
FALER G TE A RIEH FFR T

FHAG R A I 0300 5 TR R 3 M A A0 0 358 1 DML S Y, AR AR AR A P 22 ol 2 B2 A AR
M) 130 355 P 2555 B WL o AT 5 HP 0 AN TRl A0 PR MR R 25 11 1) 32 3 3/ 32 R U TR S HR bWl 52
gt PR AEAFR BRI 255 VPN 45 AT T X LE T, B0E T 3 Z VPN g A8, 5
SCERRTE 25 IR 7% 5%, 2001, 2002) WAHRT G o ARG RULH, FEARTEWSE R RESZ M H
FEH T RHED PSR

4 g

M AR I 2B B AERR HEAT 255 70 MR AR A ol A [ T 1R M ESEA T VP4, R B 8 b
RGBS SR SR IR A AF T AR50 0« WEKkIRNG > JE 8047 > i TH > Kif > REELIE >
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Mkt > SEHCEFRG > B HEAE; 8 Rl ARAE RO A IF N (TR PE SR SS HESUNUT A i PAs > M0k
B > K > kiR > REARE > J2 8047 > FHREIAG > 8 B ETAG o 5 H0EE R AIIE KL B
P RIS LU B RBUR, 1~ A 2 A TR TR 1 SR sk ) LA s W AE A A (R R A
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