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i JE g5 2 T s F Y T ik S VM

7%, Richard Dormatey, X|# %, Z &%, T=&, k&L, k=, "X
M, BEE, X FIL, GILE, 3

TR A R AR 2 e T R AR Y 2 [ R S SR =R A E L 2 R SRR G13 E se e %, 22 730070

WE BEEVAKKEATERPER TR —, EBRAPHELETSESS, HHTLEREEERH, KRk
TR ORI T B0 2 & B AN, SRR LI R ORI AR 7, BUORAGBERE M, AR AR AR AR e 1) ) g e
VEERR AR (PH) I & BAGK T IERE R &, HEA S SNIEERE, TR YA B S-S5 ) 5 52 AT B 2 5, A 5 il T 1 [
58, AV ER Eh 1 9 1 BE & AR I B IR AT 08 5 it MU A % £ VR 0 P O e B R T o B T, AR AT IR BN S ) 4
(Solanum tuberosum) it F AT AN S PP 95 (QS) N SELR A K, ARG BEEARN AL H, 35 1E 5 B An AL #L R
TR AL B ARALEE, W AR SRR B, Ja A E BRI TR e b, DA I VB R 2k R EU(PTC) Vil &= 4%, I
P B AT S5 IE R AN F) B 8 2 R I PHI AT L5 5 VR o 45 TRFR A, 6/ T4 2 bk ] 43y v FE T SV I 2R 284 (C 115
FD13). S5 R £ 84(C20. C31FIQS)FI i IR £ HUK Y (C80) 3. XM FLITAT 1 AN [6) b 8 28 f P Xy YU Tl 1 6 1) T
S, BTEN TR E TR 58 o i 1 R U B R k8 B R R B R 2R 9F

XA ORE, MUBRIERE, Floolr, REREON, BRI, %A
k%, Richard Dormatey, XI¥E &, Z2E, Ex®,, KER, K=E, WXJ7, h#eE, BERE, XKL, QLF, &

(2024). Tl UWERR £h 4 E T IE SV, Y 59, 544-557.

T2 44 2 (Solanum tuberosum) K Jr i 1 3=
97 9% 6% (Schachtman et al., 1998). Bk <> i
IR T AR R, R ARKEAR, HERE
K2 b s i (K Tk &, 2017). SRR HE 4k K
#(Oryza sativa). /N3 (Triticum aestivum)Fl L K
(Zea mays)z Ja FH VY KM EAEY, XHRFEEZRE
GRAERERN(EAES, 2005). HHETHER" %
5 m, i A IR 228 N 4S5 (Grant et al.,
2001; Achary et al., 2017). 7 H# 4=, KA
it SRR 51 kv 2 i) /. E g, DR s [ EAE
i 5 e A ZE AR 22U 15%—25% (745,
2016; TKIBEEE, 2016). B GEURIE A —FhA ] FRAE 3
IR, TE 2B I % T 2 A R (Cordell and White,
2011; Dawson and Hilton, 2011). vk, d1F#%E
sk, LR RE T RE LA, EMRERT,

Woke H #9: 2023-08-09; 252 H #: 2023-11-14

B R 7K B N KA E TR AL, PR YIRS
(W74, 2012; Lépez-Arredondo et al., 2014; Baker
et al., 2015; M ESE, 2018). ik, T30
5t C RN 22 it 1ol NE ) FH SR AIC A 082 AR 575 G () B 2L
iz —(FEE LS, 2017; LHEL, 2021).
EFREIER IR, BT TR S R
HSE R AL, 5 A D =2 IR 5 1) [F] 28 ¥ (Varadara-
jan et al., 2002; Fang et al., 2009). 2[R T X7 i 197>
RN 7k, L R IR R BERAS 2 8 1 O
(King et al., 2010). 5 IEBERR AR, TV @ERE &5t B
A5 2ZMEREGMEEETRITENRES, $OARE
K I 1B %% (Rickard, 2000; McDonald et al., 2001;
Broschat, 2006; Lovatt and Mikkelsen, 2006). #HLt
IERERR AL, MU RERR 58 18 SR A AR B o sy LI
Il 7 A AT 7 s AR W B 4 TR e Ak Dy TR

AT H: EEK A AR 4 (N0.32060502), H il & RHE i+ %I(No.21JR7RA804). [H K ILAL A Il i3 A 4 % (No.CARS-09-P10) 145

PRI TR AR B AR 4 B K R SR E T 4 (No.GS CS-2022-Z01)
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BR &k, HET N /N 22 A0 R K SR P4 fi 6 8 9% (R B8,
2002; Singh et al., 2003; Thao and Yamakawa,
2009). HHFFLLN], IR & 7E b N AT AR
—RINBIRRCR . LB Eh B IEREIR L fe, 653
(Persea americana) 1] 7= & ‘i 2 34 il (Lovatt and
Mikkelsen, 2006); [FJif K T /EVIMAE & 1, 42
& 1 (Lobato et al., 2008). ff# #i(Fragaria x
ananassa)fIAK kK G, WHERER /& A
fefr 22 - Hy R 5 25 1 0 (Glinicki et all., 2010). 1tk
b, L BERR 2538 X % B B A 4011 £ F (McDonald et
al., 2001), [HUbB AN — P2 Dy RE LR I 78 72 B
RBEIE . EAE LMY, W H B AAERR it
AELE— 38 ISR RN, o K MV T R 25 A'F 9 2 0 R K 1 e
—BEE, HAma kAR, JFHIA KT R
T(Schroetter et al., 2006); 7E&RAEREFEHEF AT
WERR h, B FE & IEREIR 2h i R B i I N e ik
WL £, #B<x {44815 I+ (Arabidopsis thaliana)t]4:
KK B Z %] (Ticconi et al., 2001); ZEGLREIEML T,
VR R £ 2 I =% (Brassica napus)& 74 i e
- EBET(Singh et al., 2003). (EAER 1, TR
£ 3 BE I T s i T BB Capsicum annuum).
FH(S. lycopersicum)Fil D44 Z &K BMED) 112 i B
6, AR JERHE D 2% 38 A (B 5T 1 R L ARGE
(A5, 2019; #FESE, 2021; 2% K455, 2021).
Rk, B WRERR Sh7E DR Eh B g it FEE
JERRIE B B

LA — 2 s, 75 KR AT R
AV B R R (R E5E, 2021). i X0F H
BRUR, R BERR EhE B B AN B oA TR I =
o TREANIR] i b L 80 T IR #h R B AL A 1, ik
B L BERR #h T 5 A, 2 R A I w R SR R
B — M T B AT T LLRTHI 20047 5 82 2 il
T Sl R R D 07 45 B IR A T 1 A BB R 1 47y
A LA i 1 (Dormatey et al., 2021){E N
WX R, &9 K6l w, EhEm 9l
A B E ERCOCH, 3T R RR #h i 1 ol . i
A RBO TR AR AT IR 1L, F4 G Z i InER 5
% BN VR R SRR VEREAT SR G VP, DU DN B 2% St
VR i e ade 1 SR BERR B BRI, ROV LI £h R T
JERIT R IR HES 2

SRS T ML BEIR 2 8 AL S PP 4 545

1 MR5ERE
1.1 SEEMR

61 ¥ (Solanum tuberosum L.)Fh T 1, £
5 76 bl 5 2 L5 (QS9) LA K 513 M [ B 2 4 2 oty
SRR ).

1.2 Rt

120224512 A H Il 4 € U i & SR S R E 0T
Fridf A7k . 1% X AL FR A 104°51'E, 35°43'N, i
12 084 m, 4K I6.5°C, FHIHKE400 mm, T
FIH141R, TR . BEFLIX iRy 2
fit-, pHO.01, FAEENAHLF11.99 gkg™!, £
0.69 gkg™', 2M0.73 g-kg™', 4:4#22.97 g-kg™, HEfE
%.43.68 mg-kg™', X %23.15 mgkg™, R4
181.17 mg-kg ™.

BRI R A BEAL I BT, 1 R 3 AR AT
AbEE (B 18 100%, T)F0IE i JE AL (HHIE, CK), 204
(S B AR — 5. BFI3RE S . R
5 B TS T AR 45 A AR B B O 3R, BB AT AT
A, SACEREFE mo SRR B AR 308K, 16
x 3 x 2=36/NX, ¥kFE30 cm, 1T#E60 cm, Z&%
120 cm, /MXTEIFIA5.4 m? (1.2 m x 4.5 m).

T20224E5 A7 H AT A VE B AR, AT H
SR CK S THR T B ¥ S A (%2). 6 H10H 57 H9H
B UGB IE(#%2). 10 3H Sk, BEAE AR 4%
(N218%, P,05246%); 4 it Jy fiti B2 41 (N213.5%,
K,0246%); %JENCHINLO (N246%); Wz — A
B4l N 98%, PoOs % i N45% (4T 5 i P.Os N
58%, K,0238%). & AEAIIE AE - 24 &b 1) 40 440 FH
B

T 60 SR FE RN AR SRR

Table 1 Names and origins of 6 potato germplasms

No. Name Origin
Qs9 Qingshu 9 China
C20 CIP398180.253 CIP
C31 CIP301029.18 CIP
C80 CIP397036.7 CIP
C115 CIP302476.108 CIP
D13 CIP301045.74 CIP

CIP: HprL4% % d.y  CIP: The International Potato Center
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F<2 JEICSIEALR M H 2
Table 2 Base fertilizer and top dressing application amount

Fertilization Treat-

(NHy),H-
categories  ments CHuN2O  KNOs PO, KH2PO,
Base fertilizer CK  78.0 2445 2445
(kg-hm™)

T 2220 81.0 198.0
Top dressing CK 8.6 66.0 23.3
(kg-hm™)

T 25.5 46.5 23.0

CK: IEHEAEALEE; T: 0 AARR £k % 1 Qs e b BE
CK: Normal application of phosphorus fertilizer; T: Phosphite
completely replaces phosphorus fertilizer

1.3 MESZE
1.3.1 FE&#ERR. HAREH. HERSERLEE
S ¥ E

W EARB0K G BB 15 KM E ks AR K.
FH BRI &\ 3830 2 31 = 22581 M8 7 70 SR
R bk e P A R RO 5 I 30 398350 43 S 3 2518
BRI ZEM; B RINEREC o RFI5E Ak s A 228
52 B2 AR, B SRR s AR
FIZEM . 7ERS A HE FISPAD-502plusill 52 I A i 4t 2%
&, ffHLI-6800 (LI-COR Inc., Lincoln, Nebraska,
USA) 545 XA 1 IS R G0 e A [ Ab 3 5 4% 2 {5
ML ASSL. BB A1 500 umolm™s™!, CO,
WFE 400 pmol-mol™, 4%/ i# 4800 mols™, Wl5E
WA A FF9:00-12:00, &w3XHEE, HNEENES
R, FEMEIR . B e J s, SHaFEH
WA E, ZABHE, MRICOMKEM L FE. f
FSunScanjid 273 Hr Al & - AR TR £

1.3.2 FHRREIHABHEENZE
FEPCZERG KM, B Bl A H1 52 M3 T 6 5 B
PR, BEAR . ZE. MRAIBRZESES, BREFEE, /RS XM
FH105°CAHE 3004, fHIE80°CHLT, FRE. Kt
FIEMIR . 25, HORIEREE R e, RAHEPIL G
VR 8 AL A R (KR, 2011).

PR T E=R T E+Z T E+ R T H;

A R = T T
Tl P 28R =( T /AR 2 5)x100%

1.3.3 FENZE
Wk B R A S b AR B A EU10KK, I B Rk 45 2

LR,

1.4 HIEGH SR
HRAE 2 (1) TF 55 & 48 4 1if 7 185 B2 1 2 % (phosphite
tolerant coefficient, PTC), HPTCIE AT % FehxE 1
FHRNE M, R 2 2 (4) % Z A TR AR A o 35 HAR
RHM DB E TRIRF(X), KAIEARQ)HH & 45E
FeFRIIALE (index weight), &43E bR R s B
HAXG)ATIHE, BT AKXG)M A (G) Wi H L
A, A (6)4F H & i Bl D R T B Hh 2R S
PrME(DIAE)-

FiMicrosoft excel 20213t 417 K % ¥ 5 4y
1. I SPSS 27.0%8 #4147 Persontf 43 #r .
AT T SRR B SR R B BUE TSR SRR
AT I} B 2047 22 e S E MR A

D 5E 48 b i 71 R £ R B (R 05 55, 2014;
FIE%, 2018) it 5 A R

PTC=F Rz £k AL FE R A e (5 B 2 (1)

W 72 $8 A V18 12 25 B 18 45 %4 (phosphite  stress
index, PSI) (MM LS, 2017) i H AKX T
PS 1= (% eI 5 45—V Bl B2 5k 2 00 g D)oot el 5 L

)

G T bR IR (B 07 55, 2014; MEIF5E,

2018; xIM%%, 2023)it5H A~

mﬂyia j=1,2,-+,n (3)
=1
b, W SR G TRARE A S5 G 48 b5 T B
PARER 2 T 1o 70 B P43 & i i 2B AN 275 48 05 1) BT
#ik % (contribution rate).
I 5% S W PR 25 G FR AR DEAN M (08 05 55, 2014;
WA IE4, 2018; XIWI4E, 2023)it 5L AKX W
F(Xj)=aqj XqjragXo+------ +a; X;ji=1,2, - , n;
=1, 2,00 n (4)
o, FOX)NEINERETRIME; aph & 5 —IRARIRF
AEAEL BT XS LR RFAE [F) B X % B —FR AR bR AL AL
A
L% 2 PP R G T A 1) SR oR BB (BRI 5 5
2014; B&IFE, 2018; XIWI4E, 2023)1HH AU R:
UOK)=(XX ol Xemax—Xeie) =1, 2, -+, (5)
o, XA ERETRIME; Xein 9B AN TR BRI 55D
1B Xmax NS HE AR ) B K AR
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K Th A4 B T SR R h 25 A VAN (R 55 4%
2014; MEES, 2018; X|H%E, 2023)iHH A X0 F:

D=Y"[U(X)*W;] j=1,2,-,n (6)
j=1
X, D% b B I % 28 T 37 W R 5k 2% 5 R HL
UOKG) AN (R 4% 38 it b 2% 25 5 1 s 10 SR s R M
WA ER B 1R PR AL .

2 ZR5iTe

21 AEDYERMETREBRIRLETHNTE
AR Eh AL HE J5, C20F1C80/) HAk 2 & N 417 %A
22% (P<0.01), QSO ¥tk & &~ [4£6% (P<0.05) (/&
1A), C8OMHRL EH T [%17% (P<0.01) (EI1B);
1M C1 151 D13 (1) H bk 38 5 L5 bk 25 28 4003 6l 35 19
(P<0.01) (KA, B); C31HI= B IR T B Z 41k

2.2 THsEREL LB A E M S RERSER.
HEZESERMERIERNF

TR £ A3 5, DA3MIbK = N8% (P<0.05) (K&
2A), C20. C31. C80. C115KQSHI#k AR K44
xR T 2 2 R (K2A, C); Kk 4 b Al i 220 (B
2B) 2 K%, D13#K27% (P<0.01), C80yk/I
10%; C8OM- &4 % & & . % 19 in(P<0.01) (K2D),
T AR FE B4R 15% (P<0.05); D13 I AR 45 H

>

1500
200
—_ *k
900
2 600 o

300

*%

-

plant™

(g

Tuber weight per plant

C20 C31 C80 C115 D13 QS9
Genotypes

Bl TBERR SR PR IE F AL T SRS R

SREESE: T ML BERR 3h S8 AR S VF M 547

=41% (P<0.01), C115F1QS9%3 il =i11%F110%,
Hog dn A AR B B, B2 57 A B3 (KI2E).

2.3 TSI EN DRERESS BRI

WS 5B HMRER, SHLEERA B, &
JERENEEAEATP 1, [A]I T i NADPH.. V. fif B2 #h 4b 2
T P R o A R (EIBA)V RIS AL T (B
3D) R E NI, C80 N Ff % (P<0.01), H22%7F
54% . i (8] COLK £ BRC20M/1C3141, He & MFhisfa
ANV FE FE ¥ B % (I 3B), C80F#1%23.5% (P<0.01).
C80. C115HIQSIM) 2 it 18 2 73 7l FEAIK37 % 21% A1
14% (P<0.01) (EI3C).

24 TUHRRHMLEMNSHRETYRMBRNEREN
Al
TR E AL FE T, C115. D13MIC31HIME. 2. &
B 2K 10 F S RIS [F R 3 n, C115 AR Rk
LT HI16I1131%H134.6% (P<0.05); D13HIHR AN
ETHE I IN174%F145.9% (P<0.05); C31(HZ.
- E R N, QSOkRZET HE AN, HAREAIL R
A(FR3). C20RICBOM HEfk T EH BRI FFE. 25
b, % E AL #E AR AL B 2K HE R 8 C115>D13>
C31>QS9>C20>C80.

W A B, KEZ RS MBI R B
11.3%—129% U [H P 2 235 3 &%, MKk, C80H)
AR R B E20%—45%306 Bl 4 5% /> . C20. C31

10+

o

Number of tubers per plant @
*

C20 C31 €80 Ct115 D13 QS9

Genotypes

EcK OT

(A) Bk, (B) HMHREEE . * P<0.05; ** P<0.01 (Student’s tii ). CKHMIT[HF2.

Figure 1 Potato yield traits under phosphite treatment and normal application of phosphorus fertilizer
(A) Weight of tubers per plant; (B) Number of tubers per plant. * P<0.05; **P<0.01 (Student’s t-test). CK and T are the same as

shown in Table 2.
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A 90- B 16- C 50-

- 80 1 ’g 144 = . .
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£ 50 g 107 < 301
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2 S 6- 5 207

€ © =

S 201 E 4] g 10-

o 10 o 24 14

0 ? 9 0
C20 C31 C80 C115D13 QS9 C20 C31 C80 C115D13 QS9 C20 C31 C80 C115D13 QS9
Genotypes Genotypes Genotypes
E 507 E 6 ”
Zz401py B RO BO BN AN 551‘ - M
o< 24
oo 30 A (_B *
42 o3
o F 207 S 9
22 ‘S
T & 101 1
g ° 0
0 C20 C31 C80 C115 D13 QS9 C20 C31 C80 C115 D13 QS9
Genotypes Genotypes
mECcKOT

B2 BRI TR AN fh A B TR bR . AR AR S T AR B R
(A) #kii; (B) ZEH; (C) MR (D) MM HHERE S, (BE) HinRiE4. * P<0.05; ** P<0.01 (Student's thi3e). CKHMITIH#2.

Figure 2 Effect of phosphite treatment on morphological parameters, chlorophyll content and leaf area index of different potato
genotypes

(A) Plant height; (B) Stem diameter; (C) Root length; (D) Relative chlorophyll content; (E) Leaf area index. * P<0.05; **P<0.01
(Student’s t-test). CK and T are the same as shown in Table 2.

B
° 12 4 3001 .
B 109a. _, T Y - [
EE” 8 1 g s g 200 -
;‘?‘E 64 @ g‘:gg 150 1
25 41 5§ 5 100
S E 24 £ 50
g 0 0
z C20 C31 C80 C115 D13 QS9 C20 C31 C80 C115 D13 QS9
Genotypes Genotypes
C D
o 5- g 0.18 -
8o, §_.0154
S ‘}‘w *% L _§ :,’ 0.12 4 . . . *ke
BE Y - 8 E 000
o i — *k
SE 2 £ 20.061
© E 1 g
= 1 & 0.03
0 @ 0
C20 C31 C80 C115 D13 QS9 C20 C31 C80 C115 D13 QS9
Genotypes Genotypes
ECK OT

B3 WA E N B E A S HUR W
(A) #LEHE; (B) MEICOJKEE; (C) Z&MBH%; (D) [FLFE. * P<0.05; ** P<0.01 (Student's thi4%). CKHT[FE2,
Figure 3 Effect of phosphite treatment on photosynthetic parameters of potato

(A) Net photosynthetic rate; (B) Intercellular CO, concentration; (C) Transpiration rate; (D) Stomatal conductance. * P<0.05; **
P<0.01 (Student’s t-test). CK and T are the same as shown in Table 2.
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Table 3 Dry matter accumulation in various parts of potato under phosphite treatment

SRS TR L BERR 3 S % 2 RO S5 VR

549

Indexes Treatments  C20 C31 Cc80 C115 D13 QS9

RD (g) CK 5.97+0.98 a 11.55¢1.76 a 5.3120.43 a 4.03+0.74 a 2.42+0.70 a 7.64+0.35 a
T 5.56+0.83 a 11.15¢1.83a 4.12+0.40a 9.32+1.97 b 6.65+1.01b 8.12+1.37 a
PSI 0.07 0.04 0.22 -1.31 -1.74 —-0.06

SD (g) CK 59.72+1.45a 96.99+1.69a 76.42+2.05a 52.45+2.34a 43.77t2.23a 105.91+2.93a
T 72.94+1.81b 119.61+0.78 b 52.99+2.40b 54.78+1.11a 63.88+t2.19b 117.87+2.61b
PSI —-0.221 -0.233 0.307 —-0.044 -0.459 -0.113

LD (g) CK 43.30+2.54a 74.90+1.93a 38.38+2.26a 47.52+2.80a 41.09+2.86a 51.36+x2.06 a
T 49.23+1.64 a 90.08£1.18 b  31.63x2.49a 60.22+2.67b 50.99+3.44a 54.67+145a
PSI -0.14 -0.20 0.18 -0.27 -0.24 —-0.06

TD (g) CK 165.51+5.35a 175.19+3.45a 311.631t7.48a 228.541+2.85a 192.10+2.79a 264.21+3.27 a
T 122.89+2.45b 176.88+7.17a 218.88+4.45b 307.70+2.11b 204.84+4.21b 263.15+4.66 a
PSI 0.257 -0.010 0.298 —-0.346 —-0.066 0.004

DP (g) CK 274.50+8.14 a 358.62+3.14 a 431.74+5.54a 332.55+4.39a 279.3846.89a 429.11+6.11 a
T 250.63+4.06 b  397.7246.93 b 307.62+6.77b 432.02+4.94b 326.37+8.43b 443.8116.46 a
PSI 0.09 -0.11 0.29 -0.30 -0.17 -0.03

RD: RFH; SD: 2T H; LD: M-FH; TD: h=:F5; DP: HbkTH; CK: IEFHEREIC; T: WHERE 4B AR, PSI: WHERR &
P iEde4 . HUE A PHMELIR R, AF/NE 7R R A3 5 % J 8] 22 57 2 (P<0.05).

RD: Root dry weight; SD: Stem dry weight; LD: Leaf dry weight; TD: Tuber dry weight; DP: Dry weight per plant; CK: Normal
application of phosphorus fertilizer; T: Phosphite completely replaces phosphate fertilizer; PSI: Phosphite stress index. Data are
meanszSE; different lowercase letters indicate significant differences between treatment and control (P<0.05).

QSO (1) He 25 138 ) F R0 2 A0 SRR ol R FH 2k e 35 (2 25
KT XHHE. C80. C115HD13 AL 2L B | ] 28 f5 35 1%
11, CBOMID A3 S A i A FH R e i 2 48 v (R 4) . 64
st P B R B R AR (PSR B /MK R C31>
QS9#1C20>C115>C80>D13.

2.5 A[ERIHDHEN LSRRI IRIRITIE

TP R AR B B S 0 R B SR 2R
D, TR ot A S AR R ) W R i AR AR TS A AR
FEAHE, AR, U ZIE AR BIAN
an PP (A 22 S o A USRI E 26N R AR, BT AR
REHT, Tk 15 PTCAS 7 R EAE15% L
BbN, AN AR AREE. SILTE. R
THE, EXTE, RETE, Sk TE. BlHEE.
WA R R, W R E, A R AREEA
B, PEERERI AR bR ORI B AR 2 (R 5).
X LR bR 1 B K E S B/ IME I £ BT 1.2-5.5 2 ],
Wi B IX 154> 48 br o ML R 2R 1) R O AR &, WA T

Ja BT o

26 AFERBRHDSRESETIEFAAO L HEREE R
W(PTC)RtHX M

R 2 (1) 1F 5 2% W€ F8 Ax 1 0 % R 2R R 2K
(PTC), KW MER A JF, Frllf15 7 F8 45+ <
LFEAFT TR, RIAPTC<1; HATRFRERR
b e B AR AR B A 1G A I(KR 5, 3K6)-

BE— 0 M AN Rl Fa A (] AR AE DGV (114), R BB Rk
HE SR kT SRR R E AR I B
dn PR 722 e R, AHOC R 40090.899. 0.903410.854,
5 PR T ER PR 45 A AR AR O HL & it o ) 22
Wi, ok Z%0N0.933H10.974. FHUL AT AN, 4 FLIG
FRBRAEAS ] it P 5 4 2 i IO W PR Sk 4 1k b TR AN
7], 28 D8 S VB RR sh At e — N B R ML &1k
AR, EHERIFH & BLITE bR A RE AR A0 B HL PEAN AN R
LSS PR T BRI b A I o DRI, R EELE LR 1
FIH 2 6o I Fl AT 455 AR
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R4 TR ERACHE T B % B A BRI R
Table 4 Phosphorus accumulation in various parts of potatoes under phosphite treatment

Indexes Treatments C20 C31 C80 C115 D13 QSs9

PR (mg) CK 9.8840.02 a 18.1+0.07 a 10.7240.04 a 6.81+0.02 a 3.97+0.03 a 12.834£0.02 a
T 11.9540.03 b 20.92+0.10b 5.87+0.04 b 15.62+0.20b 12.12+0.03b 15.27+0.08 b
PSI -0.21 -0.16 0.45 -1.29 -2.05 -0.19

PS (mg) CK 66.55+0.38 a 113.53+1.57 a 74.15+0.63a 44.55+0.17a 49.904+0.17a 73.09+0.47 a
T 80.7£1.03 b 193.88+0.57 b 51.58+0.60b 72.05+0.70b 61.07£0.71b  113.61+£1.38 b
PSI -0.21 -0.71 0.30 -0.62 -0.22 -0.55

PL (mg) CK 91.54+0.99a 130.20+1.36 a 75.73x0.36a 77.71+0.41a 75.9540.37a 82.53+0.70 a
T 106.58+1.51 b 183.15+0.97 b 60.85+0.37 b  112.06£1.21b 88.3+t0.40b 104.38+0.36 b
PSI -0.16 -0.41 0.20 -0.44 -0.16 -0.26

PT (mg) CK 322.66x1.09 a 265.50+0.85a 665.54+1.63 a 497.46x2.16 a 430.84+1.44a 433.26x1.01 a
T 287.15+1.54 b 338.44+1.78 b 404.94+1.84b 649.72+1.49b 398.13+1.76 b 436.251+0.96 b
PSI 0.1 -0.27 0.39 -0.31 0.08 —-0.01

PP (mg) CK 490.62+0.81 a 527.32+1.62a 826.13x1.14a 626.53+2.42a 560.66x1.16 a 601.71+£0.25 a
T 486.37+1.46 b 736.38+1.71 b 523.25+2.38 b 849.45+2.21b 559.61+2.20b 669.51+2.41 b
PSI 0.009 -0.396 0.367 —-0.356 0.002 -0.113

PUT (%) CK 0.51£0.002a 0.66+x0.002a 0.47+0.001a 0.46x0.002a 0.45+0.001a 0.61+0.001 a
T 0.43£0.002b 0.52+0.003b 0.54%x0.002b 0.47+0.001b 0.51+x0.002b 0.60+0.001 b
PSI 0.17 0.21 -0.15 -0.03 -0.15 0.01

PUP (%) CK 0.56+£0.0009 a 0.68+0.0021 a 0.52+0.0007 a 0.53%£0.0021 a 0.50+0.0010 a 0.71+0.0003 a
T 0.52+0.0016 b 0.54+0.0013 b 0.59+0.0027 b 0.51£0.0013 b 0.58+0.0023 b 0.66+0.0024 b
PSI 0.07 0.21 -0.13 0.04 -0.16 0.07

PR: B RE; PS: ZEBMARE,; PL: W RE,; PT: IREMNRE; PP: BARBEIRRE; PUT: SREBEFIAIREER,; PUP: Hitk
BEMAI R . CK. THIPSIFIZRS3. Bl NP E AR dER; ARG 5 RER R ab 25 X0 I 1] 22 53 5 2% (P<0.05).

PR: Phosphorus accumulation in roots; PS: Phosphorus accumulation in stems; PL: Phosphorus accumulation in leaves; PT:
Phosphorus accumulation in tubers; PP: Phosphorus accumulation per plant; PUT: Phosphorus use efficiency of tubers; PUP:
Phosphorus use efficiency per plant. CK, T and PSI are the same as shown in Table 3. Data are meanszSE; different lowercase
letters indicate significant differences between treatment and control (P<0.05).

R/E D XARARIT L BEER £ R E(PTC)R

Table 5 Variation of phosphite tolerant coefficient (PTC) of potato indexes

PTC LI EM GSwW RD SD T DP PR PS PL PT PP PUT NP WP
Average 1.06 090 0.74 146 113 098 104 158 134 121 1.00 1.08 099 1.05 1.09
Maximum 141 109 087 274 146 135 130 3.05 171 144 131 140 115 135 1.58
Minimum 0.85 063 046 078 069 070 0.71 055 0.70 080 061 063 0.79 0.83 0.78
Range 0.56 046 042 197 077 064 059 251 1.01 064 070 0.76 0.36 0.52 0.81

Coefficient of varia-
tion (%)
LI: MRS, EM: ZMSE=R,; GSW: <fL5/F; RD: RTH; SD: ZT#; TD: HRZETH; DP: HtkT5H; NP: HpksH; WP:
ME#E, PR. PS. PL. PT. PPFIPUTIA%4.
LI: Leaf area index; EM: Transpiration rate; GSW: Stomatal conductance; RD: Root dry weight; SD: Stem dry weight; TD: Tuber
dry weight; DP: Dry weight per plant; NP: Number of potatoes per plant; WP: Potato weight per plant. PR, PS, PL, PT, PP and
PUT are the same as shown in Table 4.

18.97 19.27 21.76 57.29 22.64 24.05 19.80 58.29 28.08 19.07 26.05 25.87 15.54 18.88 29.09
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Table 6 Phosphite tolerant coefficient (PTC) of different potato genotypes

FREESE: TR EBERR 3 S E R 5 VR 551

Genotypes LI EM GSW RD SD TD DP PR PS PL PT PP PUT NP WP
C20 097 099 085 093 122 074 091 121 121 116 089 099 083 097 0.83
C31 091 109 087 097 123 101 111 116 171 141 127 140 0.79 1.02 1.04
C80 085 063 046 078 069 070 071 055 070 080 061 063 115 0.83 0.78
C115 111 079 066 231 104 135 130 229 162 144 131 136 1.03 135 1.58
D13 141 103 085 274 146 1.07 117 305 122 116 092 1.00 115 121 1.36
QSs9 110 086 075 106 111 100 1.03 119 155 126 1.01 111 099 0.90 0.94

PR. PS. PL. PT. PPFIPUTIRI%4. LI. EM. GSW. RD. SD. TD. DP. NPHMWPIH%5.

PR, PS, PL, PT, PP and PUT are the same as shown in Table 4. LI, EM, GSW, RD, SD, TD, DP, NP and WP are the same as
shown in Table 5.

1.0
Ul 088 070 053 062 092 062 066
EM EM 097 0.90 0.55  0.55 0.54 —0.60 0.8
GSW ‘ GSW 0.93 0.49 0.60 061 048 057 —0.61
0.6
RD . RD 052 073 075 098 049 0.88 0.90
so | @ . . ) 0.60 069 050 053 | 04
™ | ( O TD 095 069 072 078 081 076 0.86 0.93
_ — 0.2
or | @ ‘ - . DP 078 080 087 086 084 0.89 0.90
PR . . ‘ ‘ ‘ PR 086 085 Lo
PS O . ‘ PS 098 095 097 —057 047 048
. L 0.2
PL C W ¢ . . . PL 098 099 —054 062 0.60
PT . . . . PT 099 —049 064 064 L 0.4
- ©0:000 -
L _06
PUT PUT
08
v0: - 000000000 » v
we | @ 20000000 O ||| .
\
v e°*’$ € P Qg & & & RS &8

* P<0.05; ** P<0.01

B4 TERERR AL EE T 44 2 KRB K RBUERE
PR. PS. PL. PT. PPfIPUT[F%4. LI. EM. GSW. RD. SD. TD. DP. NPFIWP[F#*5.

Figure 4 Correlation coefficient matrix of potato indicators under phosphite treatment
PR, PS, PL, PT, PP and PUT are the same as shown in Table 4. LI, EM, GSW, RD, SD, TD, DP, NP and WP are the same as
shown in Table 5.
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BEAT E R BT, RORERE VRO TR AR B TR HE A T
387 1 959.29% 24.26%F114.06%, it miikE
1K97.61% (£T7). HREBINGEIRIFA/DIZTE
THE. BRTE. ZHRRE. HRRRE, Sesi
MR E AR R B R B R AR E R, %
CRETRAR L A AL T BEER A R AR
PERSEAE R . B2 R E TR IS /NIRRT H
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272 REBBSHMEEEKITN
X TR — 45 B e hR(38) F(X)T S, 4B a7
J&, C1158U(Xq)fEH A K (791.00), FKHCI157EF(X4)
R I e B LB R 2R, 17T C8O M U(Xq)ME /N (N
0.00), K HICBOLE MLLR4A T b - I 1 R 26 i 12F 53¢
Z . WAEINEREIRIR I TTIRE KA, AT A R(3)it
HHABCEW, 193130285 Fa bR AL 431 290.607
0.2497410.144 (£8).

I A 1 (4)—(6) 73 ) vk B i B 4 S T I
2 h 2R B R AR EF(X) SR B BB U (X) M L5 & VA E
(Dff). LADME b, X5 T 5% 5 b ol i) i SV 198 1% £
R EHEA T HE (%8), HAD13MC115(DEALFIRT2,
R 3 BRI 1L RERR 2R 11, C80MIDIE iR/,
R B SN IV 198 1% 56 PR T 1 A 22

273 FEGEMHDSERNEHBERIIFERES
K F R BCSF 5 A0V B30 0k DA #EAT S8 00 W (0 I 4%,
2012), mlKEeN LR R N3 (KI5). 1A

F+z8 F M LREMLEEIERERG) . BEW). 8 REBUIEU(X)-

C80, Jm T ILmimL th BRI, 5522875C20. C314H!
QS9, J& T 89 LR £, 5532 WD13MC115,
J T e FEE T Y B e R T

KT BLRETEIRH R B TR

Table 7 Coefficients and contribution rates of each compre-
hensive indicator

Indexes PC1 PC2 PC3
LI 0.214 0.294 0.315
EM 0.200 -0.261 0.416
GSwW 0.211 -0.260 0.410
RD 0.241 0.355 0.093
SD 0.245 -0.073 0.460
TD 0.292 0.127 -0.284
DP 0.330 0.049 -0.106
PR 0.263 0.287 0.196
PS 0.272 -0.251 -0.165
PL 0.296 -0.204 -0.170
PT 0.285 -0.187 -0.263
PP 0.282 -0.230 -0.211
PUT -0.069 0.499 -0.007
NP 0.286 0.208 -0.105
WP 0.282 0.245 -0.166
Eigen values 8.893 3.638 2.110
Contribution rate (%) 59.287 24.255 14.064
Cumulative contribution rate (%) 59.287 83.542 97.606

PR. PS. PL. PT. PPFIPUT[H 4. LI.
SD. TD. DP. NPAIWP[H#5.

PR, PS, PL, PT, PP and PUT are the same as shown in
Table 4. LI, EM, GSW, RD, SD, TD, DP, NP and WP are the
same as shown in Table 5.

EM. GSW. RD.

DI K Lra v

Table 8 Comprehensive index values F(X;), index weight (W;), membership function values U(X;), D values and comprehensive

evaluation of each potato genotype

Genotypes F(X4) F(X2) F(X3) U(X4) U(Xz2) U(X3) D value Total ranking

C20 3.61 0.42 0.56 0.49 0.24 0.80 0.48 5
C31 4.27 0.11 0.14 0.80 0.00 0.46 0.55 3
C80 2.50 0.81 0.17 0.00 0.81 0.34 0.25 6
C115 5.16 1.51 0.02 1.00 0.79 0.00 0.80 2
D13 5.08 2.08 1.10 0.90 1.00 1.00 0.94 1
QSs9 3.89 0.54 0.23 0.60 0.40 0.46 0.53 4
W; 0.607 0.249 0.144
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o0 Category 2.7.4 F[E)E SRR Eh 2 BUFHIEEL B
2 A WRERR R EURAY; B2 g9 ML BEER 2R AL,
C31 F3Y mEME R LT . R AL S,
ng} T RERR Eh S AP AR e R, AR E ., SRETE, B
c80 1 PRFE. R RE ., PRER S AR E R RS
THURA 5 ST A RE, REH0OC R AE1.21-4.85 217
C115 3 (El6; %9), U R 7ANEFRAEAS [F] 2 1Y 5 4% 25 Ao
D13 PGP B8 TR 5 A BRI 22 S OR, TR, DR IR T A

e T brAE o Tk B 4% i 7 A IR 2k 1) 3 AR .
B5 61 LR HFDERSK 28 HWigt54%ie

Figure 5 Clustering of D values of 6 potato genotypes L B4 ST T IR 56 RN 1 52 22 P A PR 4% o LD

T CK T CK T CK

6 AR D44 2 R e 0 AR £ A FERT IE % AT R 7 R L A KRl
(A)—(F) C20. C31. C80. C115. D13FIQSOUHEI {7~ &% Fl(bars=24.5 cm); (G)~(L) C20. C31. C80. C115. D13FIQS9E;
JE9O0R L Kotk (bars=31.3 cm). CKAITRI#2.

Figure 6 Yield and growth of different potato genotypes under phosphite treatment and normal treatment
(A)—(F) The yield performance of C20, C31, C80, C115, D13 and QS9 at harvest (bars=24.5 cm); (G)—(L) The growth status of
C20, C31, C80, C115, D13 and QS9 90 days after planting (bars=31.3 cm). CK and T are the same as shown in Table 2.

RO TGP R £ 4 S H R BRI

Table 9 Performance characteristics of each phosphite-tolerant category in clustering results

The average value of the phosphite tolerant coefficient of each determination index

Categories

LI EM GSW RD SD TD DP PR PS PL PT PP  PUT NP WP
First 085 063 046 0.78 069 070 0.71 055 070 0.80 061 063 1.15 0.83 0.78
Second 099 098 083 099 119 092 1.02 119 149 128 1.06 1.17 0.87 0.96 0.94
Third 126 091 075 253 125 121 123 267 142 130 1.12 118 1.09 1.28 147

PR. PS. PL. PT. PPHIPUT[H 4. LI. EM. GSW. RD. SD. TD. DP. NPHIWP[E 5.
PR, PS, PL, PT, PP and PUT are the same as shown in Table 4. LI, EM, GSW, RD, SD, TD, DP, NP and WP are the same as
shown in Table 5.
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Screening and Evaluation of Phosphite-tolerant Potatoes

Feng Zhang, Richard Dormatey, Yindu Liu, Chengju Li, Yunjiao Wang, Chunli Zhang, Ying Zhang
Youfang Fan, Panfeng Yao, Zhenzhen Bi, Yuhui Liu, Jiangping Bai’, Chao Sun’

Gansu Key Lab of Crop Improvement & Germplasm Enhancement/State Key Laboratory of Aridland Crop Science/College of
Agronomy, Gansu Agricultural University, Lanzhou 730070, China

Abstract Phosphorus is one of the indispensable nutrients for plant growth and development. Orthophosphate (P)
content in the soil is particularly rich, but due to the fixation of the soil, the effective phosphorus content that can be ab-
sorbed and utilized by plants is not high. Therefore improving the absorption and utilization capacity of plants to soil
phosphorus, or optimizing the application of phosphate fertilizer has become an urgent problem that needs to be solved.
The content of phosphite (PH) in soil is second only after orthophosphate, which has the characteristics of higher solubili-
ty, two-way transport between plant xylem and phloem, but is not easy to be fixed by soil. Research on phosphite as
phosphate fertilizer to replace orthophosphate fertilizer and phosphite-tolerant crop varieties breeding has rarely been
reported. Therefore, in this study, five introduced potato (Solanum tuberosum) genotypes and one commercial variety
Qingshu No.9 (QS9) were selected as research materials, and the seedlings were directly planted into the test field after
domestication and refining, and normal phosphate fertilizer treatment and phosphite substitution treatment were set up to
determine the phenotype, photosynthesis, dry matter and other indicators of different genotypes. Moreover, the phosphite
tolerant coefficient (PTC) of each indicator was used as the measurement basis. Comprehensive evaluation of the PH
resistance of different potato genotypes was conducted based on principal component analysis and other methods. The
obtained results showed that the six potato varieties can be classified into three types: highly phosphite-tolerant (C115,
and D13), weakly phosphite-tolerant (C20, C31, and QS9) and phosphite-sensitive (C80). This study evaluated the tole-
rance of different potato genotypes to phosphite, thus providing scientific basis for the selection of phosphite-tolerant
varieties and the development of new phosphite fertilizers.

Key words potato, phosphite tolerant coefficient, principal component analysis, membership function analysis, cluster
analysis, comprehensive evaluation
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