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Table 1 Effects of different experimental
treatments on growth indices of quinoa

b3 P #H bR
Treatment Plant height Stem diameter At?oveground
(cm) (mm) biomass (g)
NOWVO0 31.17+0.461 3.33+0.07j 5.10+0.17j
NOWV1 33.38+0.35h 3.50+0.051 7.97+0.22gh
NOWV2 39.86+0.26f 3.71+0.07h 9.5440.29¢f
NOWV3 35.46+0.31¢g 3.74+0.06gh 8.47+0.25fg
N1WVO0 33.68+0.27h 3.63+0.05hi 7.55+0.24ghi
N1WV1 36.38+0.33¢ 3.91+0.05f 10.04+0.26¢
N1wWV2 46.88+0.23d 4.35+0.06cd 14.22+0.33¢
N1WV3 43.69+0.25¢ 4.28+0.04d 12.49+0.24d
N2wVv0 40.39+0.32f 3.88+0.04fg 6.72+0.20hi
N2wWV1 45.44+0.33de 4.2240.05d 12.00+0.26d
N2wVv2 53.93+0.48a 4.72+0.05a 18.04+0.20a
N2WV3 51.93+0.46b 4.56+0.04b 14.66+0.33¢
N3WV0 35.95+0.28¢ 3.66+0.04h 6.45+0.27ij
N3WV1 44.50+0.28¢ 4.06+0.05¢ 11.59+0.30d
N3wWV2 48.70+0.33¢ 4.45+0.05bc 16.57+0.23b
N3WV3 46.54+0.33d 4.28+0.04d 12.63+0.27d

FIFIARNG FRER R B IRE P < 0.05 K F EZ2R 8.
Different lowercase letters in the same column indicate significant
differences among treatments at P < 0.05 level.
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22,1 MEEGFEASEOHR mE AT, B
AIEHE L & 5 ARER B HCe A, g R s
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WSS, Bl WV2>WV3>WVI>WV0, 7E
WV2 i IE B 5 =K, 5 WV B 7 5l 52 52 7t
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ZHE Nitrogen fertilizer
RFANGFRFEFLE P<0.05 AFEREE, FA.
Different lowercase letters indicate significant differences at P < 0.05
level, the same below.

1 FRIRBEHTEZEHRPHEESENETL
Fig.1 Changes in chlorophyll content in quinoa
leaves under different experimental conditions

S

222 s &K MDA &% R AALEE E M4y %)
s N2 FTRUEH, ER—-HERNERIELHET,
FEINA TS W ] 525 PR MDA & &, H MDA & &
I8 A A R R R (5 I K 2 e B s T, R0
N WV2<WV3I<WVI<WVO0, 7E NO ZFF, jiin
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Fig.2 Variations in MDA content, SOD activity
and POD activity in quinoa leaves under 0 No NI R T

different experimental conditions

N3 A FE R HEI A WV2>WV3>WVL, # WV0
AEFE 3 HF IR TE T 44.25%. 52.94%F01 46.55%,
£ WV2 A H ik, N 871.92 Ulg. fElA—H &
IARBEHACEE S, B U0 0 &3 2 3 B T G B
s, FILH N2>N3>NI1>NO, # NO &bF4)
BIFRTE T 38.19%- 33.39%. 66.12%F01 42.42%,
Ui B BB AE — E o B N A2+ POD 3. 5% bn]
G, b FNENUORES RS 2252 POD W& M W25 427,
HAE N2WV2 A3 3R 54T

223 MEEXHZEATEAANHAR NE3ITTLUE
H, EFR—HERRESRACEE TR, BE b &= 1
Ban, #FSS HEEAAERENER, HAEAN
IIARBE AL FE N N1, N2 fIN3 ZR ARG, F
N2WV2 4b# NIk FE(E, N 8.56 mg/g, AN
BHEALBEY HEETE T 62.79% 58.97%- 67.12%FN
101.43%. fE[F—HEMZIEAI TN, BEAE M
BAGHCE K BT GRS, 1E NO A3 F R
N WV2>WV1>WV3>WV0, 7 N1. N2 Fl N3

&UIE Nitrogen fertilizer

3 THi‘ﬁ@ﬁ%#Tﬁ%HHﬂh
SS. SP # Pro 2 ERIEWIER
Fig.3 Changes in the contents of SS, SP and Pro in quinoa
leaves under different experimental conditions

SR NO 5 NI AH T, FEARH &K
BRERFERNES, AERANEE. fEF—H
ERRERALEE R, KW N2>N3>N1>N0, H
NO Al N1 ERFE 2R, 1E N2 A3 Rk & g
AH T AN il n N8 A 3 A ) R T T 46.32% -
56.01%-+ 55.61%F1 47.00%. 7EMFZAEFIE T,
b AT R R f S 3G I, SP &R Rk B E
TRERIAS S, Bl WV2>WV3>WV]1>WV0,
T WV2 b FE I8 BIEAF,  FFARN A it FH A 1)
A PRy FIIR T 65.71% < 65.09% .« 76.22% K
103.47%, Ui — & ZEFH & R i & AR K )

FEX#EF SP R A RELW., L5 ErH, #

it EAL SR B A — e R B SP R A
W&{’Eﬁﬁ, (L 2 P Tt SO B

AFE B S KRESRALEE R, Pro BB Z RT3,
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BEABE AR R R4 K, Pro & B e 5 THI#
Po 75 NO LLBER,  BE A BB HUR R, Pro
FEENEMER, £ WV2 A1 WV3 LB 2% R
AN E, WV A WV 4b H B BRR T
33.25%, 1t BH BRL it AT Y CE — 7 Y BBl 9 R AR AR
Yzt . R —EEHELHE T, Pro & &
SHBETH#S, B WV0 2HIFEK T 20.27%-
37.18%-. 51.87%H1 36.78%. 1E [F]— F & & LA

FR, N2 AP S5ORESREC AR R, R NAE
WV2 JbEE R R .
23 AEINETEEZRERBEREHF
w2 s, MGG REREUE, K.
L Hh EIEAE. RS E. MDA F &,
SOD iitE. POD 35, SS & &, SP & =AMl Pro &
&= 10 NMEREAT 8T, ek R Rt 5] T2
FHEKM B SARER R ERBAH S, 258 7S

*2 TRLETRERZZTUERHRERRE

Table 2 Values of the membership functions of different treatments of quinoa

AL PN 37 )& B #H Membership function value D1 He4
Nitrogen fertilizer treatment ~ Wood vinegar treatment  x;, X, X; X4 Xs X¢ X Xs Xo X, D-value Ranking
NO WwVo 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.20 16
WV1 0.10 0.12 022 023 0.66 033 021 0.18 0.15 0.66 0.29 15
WV2 038 028 034 035 0.56 048 0.24 035 042 055 0.39 11
WV3 0.19 030 026 024 0.63 045 033 0.13 037 0.50 0.34 13
N1 WwVo 0.11 022 0.19 0.08 0.94 0.18 024 028 0.07 0.82 0.31 14
WV1 023 042 038 049 0.52 0.64 045 054 040 042 0.45 9
WV2 0.69 0.74 0.70 0.87 0.27 0.81 0.74 085 0.53 0.20 0.64 4
WV3 0.55 0.68 057 0.76 041 0.72 0.54 0.77 0.47 031 0.58 6
N2 " AYY 0.40 040 0.12 022 0.87 0.28 0.34 039 029 0.69 0.40 10
WV1 0.63 0.64 053 0.65 029 0.75 0.58 0.66 0.59 023 0.55 7
WV2 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 0.80 1
WV3 091 089 0.74 0.78 0.17 0.86 0.86 0.89 085 0.13 0.71 3
N3 WwVo 021 024 0.10 021 0.88 039 033 036 011 0.74 0.36 12
WV1 0.59 053 050 0.54 047 0.69 0.51 0.60 0.45 035 0.52 8
WV2 0.77 081 0.89 091 0.13 094 0.89 098 0.88 0.06 0.73 2
WV3 0.68 0.68 058 0.77 031 0.79 0.68 085 0.66 023 0.62 5

Xi: Bk, Xo: 2, Xa: W EHAEE, Xo: HEEERSTE, Xs: MDA &8, Xe: SOD iEME, X7: POD VG, Xs: SS &, Xo: SP & H,

X]o: Pro /E\Eo

Xi: plant height, X>: stem diameter, X3: aboveground biomass, Xa: chlorophyll content, Xs: MDA content, Xs: SOD activity, X7: POD activity, Xs: SS

content, Xo: SP content, Xio: Pro content.

HAE N2WV2 AN EREVHNE (D ED) O 0.80.
3 i
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AN BRI e 50 25 250 2 X AR DL, U W Tt
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BT BNEANARE B 1 AL 2, SIS MRS A A it
IR AT, FERNEHI N 0.15 g/kg BTt AEE B

3.1

FE 300 F5 I ROR e 2 o X AT Be BRI AR BB
B T SR OB RN A R, R A A
B RE AL HEAE M0 3% 23 MRS P31 ) e IR i
TIRAHUR S B, AR FERME T KE
1573, FERILS ARBRECHE 5 Y R B AR 5 A5
BIE, HEMSEE T RZNER. XS KR
i T 7R B 15 H A R VR % B 2 4R v e AN AR
SRR AR SR FAE I A R AR — B
HEFFRILLESONE T B, R ISE R AR BB AE TS
et A bk« 250 St B AR . (AR RO
CABABCN T TR B, S BB N AS I8F VR E 0% i 32 A
bk Autsrt, REMpRE. S e
Ve A R BRI AR 25ETH R B g s,
RYEHMERICHERGIEEEYNERKE, it
AEKRDXEYBORA B, R E KL A6
YIRBARHS, i AR R, X5 T SR R
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AR E M SRS ROE R, TR EBNEE AT
SR 7 35 ol 38 I8 0 A T 8 S 6 A 4 2B K ) 52 1)
RIL, ARBERACESE S T e T ot A B RS
BAAZHRSE, RFEDAEK. AR,
BRI R R B B E I EER, e
TARBHE & ZMEFILER, B NHEDRE AT
Ry, MRS SR T 45/ GBS
R, OB S5 A S W B 2 it FH BE % 2 s A 3 &
F ORI R F AR

R T N Pl R, 2 AR ORI A
(ROS) H %, BEmEiEAN P EiER S,
XL F A E SR, SRR AR s il Y
K E B2 PR N BT EALBT I R g R E A
SOD Al POD %6H§2s . ARIEFRI, FIEE KBS H
A it BT 4 e % Y2 FR R 222 1Y SOD A POD v
P, HAE N2WV2 b3 FRCOR et . IXRIHENEY
IR 45 75 it FH RE 0% 3G R 22 22 I DU AL s 1, P&
KR ROS AR 8, AT e 2 A8 4 1) AR R IO
MIREER AR RS EUR N, #2321 SOD 5 POD i
PR, X AT RS RN ARES R & (A HLER A
BYNFAE SR N HEA s A B EEH, B
FEAE BUBAR AR TSR] e ol A8 - S P R AR 25 44, ik
G TR S T, R B 3 P A E Y
W X525 B O i 7 a0 A5 H R R A B
NI BSOS I e R F ZE A A g SR — 3. A
RIGR I, & H RIS AR B e 7] 52 0 ) 22
FITH MDA S &N, X5 FHAEBI AR
WA TCERAEK KB MW, RMEEEIRET
MDA ¥ & T4 R —2.

EME A T, Y@ 2R SP. SS Al Pro
EBFEFTYIR, XY R IR R A BT R A
PBIES, BibBoK, Mimi4ERranfussi, #HehE
YIHRARI B a Bs), ARIG 45 R, TEAMEINE
JESARESR AT T Pro S EMAREZ, ARIES
AT T P Ab T 2 2 BRI, X AT RE 2 R A R
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Effects of Wood Vinegar and Nitrogen Fertilizer Application
on Quinoa Growth and Physiology in Saline-Alkali Soil

Qiao Man, Pang Chunhua, Zhang Meng, Wang Jiaqi, Yan Jingrong
(College of Life Sciences, Shanxi Normal University, Taiyuan 030031, Shanxi, China)
Abstract

To investigate the effects of combined application of wood vinegar and nitrogen fertilizer on the
growth and physiological functions of quinoa under saline-alkali stress, a pot experiment was conducted using
the quinoa cultivar Yilong 1 as the test material. The application rates of wood vinegar were set at four gradients:
no addition (WVO0), 100-fold dilution (WV1), 300-fold dilution (WV2), and 500-fold dilution (WV3). The
application rates of nitrogen fertilizer were set at four gradients: 0.00 (NO), 0.10 (N1), 0.15 (N2), and 0.20 g/kg
(N3). The experiment was arranged in a randomized complete block design. The results showed that under the
same wood vinegar application rate, with the increase of nitrogen fertilizer rate, the plant height, stem diameter,
and aboveground biomass of quinoa exhibited a trend of first increasing and then decreasing, with the optimal
effect observed under the N2 treatment. Under the same nitrogen fertilizer rate, with the increase of the dilution
factor of wood vinegar, the chlorophyll content, soluble sugar content, soluble protein content, and antioxidant
enzyme activities in quinoa leaves showed a trend of first increasing and then decreasing, whereas the contents of
malondialdehyde and proline showed a trend of first decreasing and then gradually increasing, with the optimal
effect observed under the WV2 treatment. According to the comprehensive membership function analysis, the
N2WV2 treatment significantly promoted the physiological growth of quinoa and alleviated the damage suffered
by quinoa under saline-alkali stress. The treatment with a nitrogen fertilizer rate of 0.15 g/kg combined with
wood vinegar at a 300-fold dilution showed the best promoting effect.

Key words Wood vinegar; Nitrogen fertilizer; Saline-alkali stress; Quinoa; Physiology and growth
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