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Fig.2 Chl(a+b) in leaves of quinoa after

Waterlogging at flowering stage
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Fig.4 SS in leaves of quinoa after waterlogging at flowering stage
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k1 BFTAKBIHE AT B A4

Table 1 Photosynthetic characteristics in leaves of quinoa after waterlogging at flowering stage
WA KT ] P/ (umol'm?s™) T/ (mol m?2s™) Gy/ (umol-mol™) Ci (mmol m?2s™)
CcK 21.64#1.56 a 8.4640.75 a 0.3120.09a 256.28423.67 a
4d 19.1241.59 ab 7.9940.89 b 0.2930.06 ab 251.54+13.98 a
e 8d 17.562.97 b 7.5420.66 b 0.190.01 bc 241.83428.06 a
12d 15.9840.76 b 5.7540.04 b 0.1940.02 ¢ 227.24413.46 b
CcK 23.31#.27a 7.86+1.07 a 0.2920.05a 278.72+21.54 a
4d 18.5742.11b 6.8240.25a 0.260.02 a 227.66210.77b
st 8d 17.9542.10 b 6.7440.94 a 0.1940.01 b 209.21414.05b
12d 16.1543.07 b 5.2840.37 b 0.1740.06 b 206.0448.47 b
CcK 20.5541.77 a 9.9340.54 a 0.4840.14 a 246.16+16.06 a
4d 18.2641.39 ab 6.3141.13 b 0.2240.05 b 245.18414.47 a
sL 8d 16.051.21 hc 5.9240.38 b 0.1940.02 b 233.70421.41 ab
12d 13.03#2.03 ¢ 5.8441.03 b 0.140.02 b 204.0749.54 b
CcK 22.37#.57a 9.2140.73 a 0.4120.08 a 268.50+11.65 a
4d 19.2630.64 a 5.4920.61 b 0.2940.11 ab 248.1247.95 ab
S 8d 14.6142.80 b 3.8442.33 b 0.2740.12 ab 224.61418.29 bc
12d 11.1641.34 ¢ 3.5920.36 b 0.1220.02b 236.5945.08 ¢

ECPEHHEREE (n=3) 5 FSIAFRNG FREZFOREBEEZR B ¥ (P<0.05) ; T,

2.4 BEAITKIMHE RIS LN HESEBIZ M

® 2 NIEIABUKIG B M g wonsh )
280, MR 2 AT, BEEBUKRESE M, PSIIRETE
Fet g (FUF) R T2 E (FJF,
B TFREES, HBUKIRFRER K, AR
Vo ZHEANERE, BUK 4d A RELW FJ/F,
M FJF,: BRSL 21 4b, HAth 3 M RAEBIK 12 d J5
FulFo Al Fu/F 36T CK. HIbR A, e
K 12.d, PSIIJ R85 R R AR B 3 IR, B TEVS
PERE G, RAFEIOLRF AR IEIK.
2.5 BEHER/KN 2RI

# 3 AACHABUKN 222 R 2R A= B R,
3 AIH, FEAEBTKE G, EEE ) AR T
VI B A R B SRR R L AR R R
FORR R B TR TR BN A, Rk R
AR 65%LA . ZE TR, ik 12d
XT SL 21 il SL 24 [Ptk =i A 3 520, 1 SL 44
SL 45 WK T CK; PR SL 21 4b, SL 44. SL 24 Al
SL 45 7E15i7K 8 d B, PR FE T 4)i 2 BEK
T CK; 4 SL21 4k, SL44. SL 24 F1 SL 45 fEH/K
4 d i, AROMEEEEFEKT CK, fEFUK 12 d i,
A4 EhRBTCA RO R 4 A RIEBUKERSE 12d J5,
FRRA B PR RIRN 0, 7EBTK 8d J5 bk RS B AT
R B R ECT CKs 4 N RIERTK 4 d IR ™
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BRECT CK, BRS8N/ NIF Ny SL 44>
SL21>SL 24>SL 45, {5k 12d J5, SL21. SL 44,
SL 24 H1 SL 45 FPRE™BAAEL CK 705 3 FFIK
81.3%. 83.2%. 77.7%#/ 78.6%.

& 2 BT ARG RL T AT EEREN N FHK
Table 2 Fluorescence induction kinetic parameters in leaves of

quinoa after waterlogging at flowering stage

LLES KIS Ta] Fu/Fo F/Fim
CK 4.08+40.06 a 0.8020.02 a
4d 3.61#.36 a 0.7990.03 ab

SL21
8d 3.5640.46 a 0.780.01 ab
12d 3.51#0.42a 0.7740.03 b
CK 4.0620.21 a 0.8040.01 a
4d 3.7120.25 ab 0.7920.01 ab

SL 44
8d 3.5040.38 b 0.7820.02 b
12.d 3.2440.18 b 0.7620.01 b
CK 4.1940.05a 0.80#0.01a
4d 3.7840.38 ab 0.7910.01 ab

SL 24
8d 3.6740.27b 0.7840.02 ab
12d 3.6740.23 b 0.7740.01 b
CK 3.5240.39a 0.840.01a
4d 3.5540.23 a 0.7820.01b

SL 45
8d 3.2940.13 ab 0.77490.01bc
12d 3.0440.19b 0.75#0.01 ¢
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Table 3 Agronomic characters and yield components of quinoa after waterlogging at flowering stage

WA Bk e ML TR AR BRGSO TRURG bR
CK 107.6749.71 a 33.1446.93 a 9.0#1.0a 24.16+.31a 12.5440.90 a 2.654).07 a 36.702.14 a
4d 10743.46 a 31.964#2.70 a 8.33+..53 a 19.4340.92 b 8.0940.51 b 2.3240.08 b 27.5241.38b

stat 8d 104.6746.03 a 29.6640.82 ab 6.3340.58 b 16.3940.98 ¢ 3.10+1.01¢c 1.6440.087 ¢ 19.49+1.98 ¢
12d 107.6745.03 a 23.67H.63 b Oc 6.88+.21d 0d 1.5540.06 d 6.88+1.21d
CK 98.3346.66 a 41.5347.70 a 12.33+1.53 a 27.5040.92 a 14.60+1.07 a 2.63#).11a 42.10+.98 a
SLa 4d 95.67+11.02 ab 31.2043.36 ab 7.0H.0b 19.3440.85 b 8.4840.80 b 2.544).05a 27.82H.42b
8d 99.3348.14 a 28.334#8.91 b 66742.52 b 16.37+1.56 ¢ 6.87+1.87 b 2.3340.04b 23.2440.37 c
12d 82.6745.51b 16.08+1.49 ¢ Oc 7.06+1.97 d Oc 1.9540.14 ¢ 7.06+1.97 d
CK 62.6748.08 a 22.1345.40 a 7.3312.08 a 18.17+1.82 a 9.3640.98a 2.7040.06 a 27.5348.79 a
4d 60.3345.69 a 18.8943.41 ab 3.0H.0b 16.32+1.04 ab 5.754.63 b 2.1840.09 b 22.0740.58 b
sL24 8d 70.0346.93 a 12.4043.30 bc 1.0+1.0 bc 14.84+1.70 b 2.95#).71c 1.9740.05¢c 17.79.20 c
12d 61.33#4.62 a 8.144556 ¢ Oc 6.14+1.64 c 0d 1.7540.13d 6.14+1.64 d
CK 88.046.56 a 18.02+1.47 a 5.674).58 a 17.114.73 a 5.05+H.49 a 2.4040.09 a 22.16+1.86 a
4d 75.044.58 ab 17.70+.33 a 2.33+.53 b 13.2840.86 b 4.314.44 a 2.344)51a 17.59+1.24 b
SL45 8d 62.3343.06 b 12.7641.61b 2.3340.58 b 10.4340.88 ¢ 2.5940.67 ¢ 1.7940.09 b 13.02+1.34 ¢
12d 65.334+11.72b 10.04+2.67 b Oc 4.7582.20d od 1.5240.09 b 4.7582.20d
2.6 HEZKIBHRIRR NP
33t 8

FIBRARE L A HEK AR #8 F 2% K HAH
RHERZR, PL—EWE (20%8 10%) KK A
FAT N AR B BRI KT, AR R EEHEK
PEHIFRR R . 4 AN RAR 7 B 5 BUKR B [l
HRRUWIE 4 Fios, MMM, Pk ia e
RAWE 5 s, ARG 15%~20% (EI Ry
80%~85%) 1EAHEKFEHIFRHE, 161 FLVFHIBUKI 8]
N 32~41d, FEBLIIE] I SREXHE K St o

& 4 Frket R 5 LA F 20X R A
Table 4 Regression analysis between waterlogging days and

relative yield of quinoa

3.1 FEEILERSE IR EHEARXTIRIK BB AN B2

MDA {E N SRR B I Fadn, mT BB IR
it A 2 I3 RS ) A AR R P 1), P a2 0T
R, FEZPEITEZ KB HE 48 h, MDA Bt
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K PR B3 5 Ny Lo, (3327 A T Ak,
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sL21 Ry = -5.68T + 103.26 0.94" JR IR P RS, DUDET R A I R B, AR iy 7t ek
SL44 Ry =-5.84T +98.95 097" s, AW RY, BEEFUKE RN, &5 R
SL24 Ry = -5.17T + 107.84 0.83* FS A SP AT SS Y B IR AR I,
SL 45 Ry = -5.83T + 101.59 0.98"™ PIRGE & i Laliy S e Svial R o i AR T
120 AN RTERTK 8. d B SP B R ERT CK, X 5%
mlx_ Ry = -5.63T + 102.78 UK G ERIRFAIL. 3 AN RIEBUKIAS 4 d
£ w0 e e i SS EYRECT CK, HEEBUKMmIHK, %
ﬁm . BRI K R 2 5 B B 4833 52 BELAE B 5 K O i
E 40 ~ ) HE KA RS2 BN 2R, 31X 5 0 K SE e iR e
20 ¢ IR A, RIREIR R R RS ) SS BRI AL — &
°, : " " FEFE (I B e AT A AR K72 P, (RFRiE
WK 1A /d I (N, A TR R S T DGE R E SS

B 5 FroketiE 5L AR = F 6 RS AT
Fig.5 Optimization analysis between waterlogging

days and relative yield of quinoa
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3.2 BRI SIFEFRMFE RS R
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HAHEEH RS EMEY P e M EEIB R
120211 | A Rt 7 25 B Chl(a+b) B 5 /K B I 6 388 2
BTG SS, FTREIRI R FUK SO SA R A
PR S PE RS IR 3R RN . SRR T e 2R L EK
GERZARGE o AR BRI PR IR S5 S R (IR
fEa AL, BEE 7 HOEBRE E IR, ik
Pov T G ¥R MK, 7538 20K A T A A
[FIRI, AT 4 A R BB BUKI 3G,
Pos Trv G fll G322 FRE#a%, X 5EHMIEY N
4 MEEAIRRAE) IR A P22 A — 5, o
FRNS BRI AR AT DL 7 3 s Bt 305 858 R A A
TE G BER P A Be A% 33 RN G AK 2 B B 2556 &1 i i
FRlPBL ZEBK 12 d B, P T Go Ml G KT
CK, FrSL214h, HAth 3 AN RAABIK 12d 5 FJF,
HFJFn A B E KT CK, 1f SL 21 1 SL 44 7Ei517K 4+
8.d A1 12 d f Py BT T FEAEALEE ) 22 R AN B3, K
4d JERERELW FJF, M FJIF,, RPEFELEIEN
UL EZS: ) S & = {91 11 =ik i AR A B UL K (RN EE N
HAEAEFA S Z R BEE R . H B BRI (a3,
SL 24 1 SL 45 S &R & SN S =2 7O S 8
TR T SL 21 1 SL 44,
3.3 FEELAARKH =20 M HEKIEFRI#E

AL, SL 44, SL 24 F1SL 45 #Ei/Kk 8 d
B, PHTYREEEET CK, JRE WL E
BDVAFE AR, KI5 K e 2 5204 5 i
iz, BT S E BB TR R Py el
WHALREH, 70 T 2 A U B 0 = T ik
FEWEACIE, (H7 SREEWEAL BA R T 20 BB TR
AHIF T3 WK e 2 S 80A R B s>, TEETK
12 d i, 4 NREBEECH 0, ARIE SR
FEAEIAA — 3, ABRI6 32 2 DA ERETF AL bR TT 4R35t
K TG KR 3 3 B FFAE A — 8, 415K i [R] 42
K, DB FRBERIAGE, e E R S AR S
Ko AL, TR S AR 65%LL L,
4 N RIEBUK 4 d B R R PP B B EK T CK, 3
K 8dJ5 44 R TR E R EFEIKT CK, 5K 12 d
Ji SL 21, SL 44, SL 24 Al SL 45 Mtk =B CK
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Response of Physiological Traits and Yield of Different Quinoa Cultivars to
Waterlogging at Flowering Stage in Saline Soil

YAN Jun, WANG Weiyi, FEI Yueyue, CUI Bibo, SHI Pibiao,
MA Mengmeng, LI Bin, CHEN Manxia, LI Yafang, GU Minfeng*

( Xinyang Experimental Station of Jiangsu Institute of Agricultural Sciences in Coastal Areas, Yancheng 224049, China)

Abstract: [Background] Quinoa is a dicotyledonous herbaceous plant in the genus of Chenopodiaceae. It
originates from the Andes of South America and can tolerate abiotic stresses induced by low temperature, drought
and salinity. FAO consider it the only plant which can meet the essential nutritional requirements of human body. As
such, quinoa has attracted increased attention over the past decade, but there is a lack of understanding of how it
responds to waterlogging. The eastern coastal areas in China are rich in tidal flats, and given the nutritional value of
the quinoa and its high tolerance to abiotic stresses, these tidal flats are ideal places for quinoa in developing
sustainable agricultural structure in these regions. [Objective]l The objective of this paper is to experimentally
investigate how different quinoa cultivars in these regions respond to waterlogging occurring at its anthesis stage.
[ Method] The experiments were conducted in pots and compared four cultivars which are abbreviated as SL 21,
SL 44, SL 24, SL 45. The waterlogging was instigated at the anthesis stage and lasted for 4, 8 and 12 days
respectively, with non-waterlogging taken as the control (CK). In each treatment we measured the physiological and
yield traits of the plant, as well as the associated drainage indexes. [ Result] Increasing waterlogging duration
increased MDA of the quinoa leaves but reduced Chl(a+b), SP, SS, photosynthetic parameters (Pn, T, Gs, C;) and
chlorophyll fluorescence parameters (F./F,, F./Fn). Compared to the CK, waterlogging for four days significantly
increased the MDA in all four cultivars and reduced Chl(a+b) and SS in SL21 and SL24, with P,, F,/F,and F,/F,
not showing significant change. The waterlogging impacted the photosynthetic parameters of SL 24 and SL 45 more
significantly than that of SL 21 and SL 44. Compared with the CK, waterlogging for 12 days significantly reduced
the physiological indexes of all four cultivars and damaged their physiological metabolization. In terms of yield, the
main spike yield of each plant accounted for more than 65% of its total yield. Waterlogging for four days significantly
reduced the yield of each plant in the four cultivars, with the yield ranked in the order of SL 44>SL 21>SL 24>SL 45.
Waterlogging for 8 days significantly reduced the main spike yield and the 1 000-grain weight; and waterlogging for
12 days failed the branch yield. [ Conclusion]Among the four cultivars, SL44 is most resistant to waterlogging. For
waterlogging occurring at the flowering stage, if taking yield reduction of 15%~20% as the standard for designing

the drainage system, the allowable waterlogging duration should be less than 4.1 days.

Key words: quinoa; waterlogging; physiological characteristics; yield; drainage index
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