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BSR4 5 —2E TP Y 70% 1, PR AE R RRTE A=
WA AR AL, ARJEER S, EAH
ax O BRI, AEHIR AL R A AR
IR RMCGRH BB, TAEWIA R B ; BI1EH]
Z IR H T FOR IR o I R A s O PRI
PR A DUIE BB A L AIEFE AL rf
DITERTHIAR AR Y 40% ~ 50%, HAH))G 6 i,
DIMAIERES RIEH B K, JERBlm™Hin, #EH
2 U RIE TS I T AL A A T N R IR A 6]
TR HE 2 22 KR, MR B 2 > FF 16
W) > A > B sk DY RS T IE AT
XA PE g (R, S BUAE FE 7 i B R it e
L BB AR AR . MURTVEM A KA B B
AL Ee i Al AE = B B2 L, fRItia L
4 ) R A M S 3 Bl HL AT HR VB

it AN AT LA 8 R AR, (2R
NEid Lo difeymgs, SEk, s ™ . A
W R IL, BLAZ K S AN — 2 Bl B it ) EL B3
TR T, AR T M, P Erley 250 HR
T, 7 E g S IR (N 0,80, 120 kg/hm®) (1)
MR, AR AR RN, AU
FHH: N 120 ke/hm® B, B2 7= B, o 3 500 ke
hm?, it PRI A AT DA R 7= a3 A) LSS iy
SCEE TSR Y ARG, AR R
MG MARBHAR &5, #FmReg R 2
S AAELE R, RZOR B H Y, ARk
] Y TR (W AH DGR SE AN I, Rl TR A
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Az i e R SRR B SR T AR 1 s At ™ B 4
PR SRR
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1.2 a5 H At
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1.3 Rt
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ANRGEAE A 4 WKt , 24 F W95 do B KR
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YERRI AR, AR R HZE K vyt T, Mok 4g
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W, AR LA R AEEE ;SRS AR A
A RAY, 105°CAT 0.5h i, 75°CHET 48 h £1H
#H, PRSI TE.

HRGE L = AR AR T3 / b BT
143 RABEBIE -4 doRwfN i &
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K FH Excel 2013 % {4 it £ 4 328 47 40 B 122
K, il FYME + FRiEiR” RO, R SPSS
19.0 Geit o T i x Bl 17 25 5 o b, iR
P<0.05 R E2E5, SWHRIRNEER 3 ~ 5K,
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2.1 ARIENCEF M B8 LU X R AR R 5K
LESTEPALIEA!

H1 ] 1A 7T AR 2R 2 7K it AUAE 30 ke/hm® Jifi 20
12 358 A 90 kg/hm” iR 1:2 3
BHAZMRID BEER, SO RZ
) TG 4 2 PR 22 5 o AN (Rt 60 BN [R) B He X AR
RGN HA B ER W, WA RN NTE 30 ke/
hm? Jifi &R T 101 B R E T 122 21 58
Fb; 7 60 kg/hm’ iR T 2:1 LB LB E ST 1:2
A1 B b, RV St 0 AR R A IR
BlEEE TR 15 7E 90 keg/hm” Jifi &R N AR R 6
FFIH LB 1:251 1520 1 fy#a3, BI7E i &
AT, FEAE H R v AR 2R 95 78R
90 kg/hm’ Jiti 05 T 1:2 JE38 FL AT 60 ke/hm? jifi %
T 2:1 BB IR R S (B 1B ),
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2.2 AN[AUNE it FH  Je 658 e X B2 MR R 9 o
TR FIARTEE L R 5

M2 2 v, RfEE ZEE R R, 223210
Hi 1T E AR T E P R T RS RN,
e it 0 60 kg/hm® F658 HE oA 102 F 3k 3 5 KAE,
S EANIERAL P (CK) $8 T 95.40% . 54.33%.

AR LB AR S AR B 3, 7E it 0 fE 90 kg/hm” B
BN 11 FBESARE R 0.219, fH/N T ANt %
(CK) b3 At FAEFERIARIE LR T €2 ~ CO it
FAL R, it R0 A 2 iy b R S B4 1 0 B
W, O st 0 A AR R AR /N T 00 0 ) e 2t
YRR

x2 AEREKEAEREE X HE TR RFIRE L #200

fb3 Jli it (keg/hm®) 2 SEN o EFTE (o) WA (g/bk) gL
C1 (CK) 0 — 73.10 + 4.62ef 16.38 £2.30d 0.224 £ 0.058 1b
C2 30 2:1 81.77 + 3.64e 17.60 + 1.01d 0.215 +0.039 Oc
C3 30 1:1 106.16 + 5.87d 21.38 + 1.00¢ 0.201 + 0.052 9ed
C4 30 1:2 108.39 + 5.24¢d 20.94 + 1.64¢ 0.193 +0.008 1d
(O8] 60 2:1 118.21 +4.96¢ 22.40 + 1.44bc 0.190 + 0.003 7d
C6 60 1:1 130.94 + 6.25b 23.78 +1.49b 0.182 + 0.006 4de
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C8 90 2:1 80.83 +2.32e 15.18 £ 1.70e 0.188 +0.007 3de
C9 90 1:1 73.84 +2.00ef 16.18 + 1.88de 0.219 £ 0.047 4bc
C10 90 1:2 67.82 + 1.29f 16.92 +2.65d 0.250 + 0.032 6a
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FERE L] (2:1) 450F MDA &t i, KIERARTE
PEEIERRIIEER SOD FEMERRAL, R R IEMEALR
AL, TEPEERLER,

He

25

20

151

MDA% &
( pmol/g FW )

1.0 -

05

0 30 60 9%
AR (kg/hm?)

OCK & FiBH2 - 1 O Bkl 01 B Fhakkl 2
B2 AEAREERAEREEBLENEZIRR 0,  FEEEFM MDA =M=

2.4 ANTFVEALHE B S BE 38 H 2 AR Ryt AL
FEE PR A 52 M)
A & 3A AT, AR 2R SOD i P 7 45 A B i) & B
— 108 —

B EEES (P<005), HA SOD IEMLE 30 ke/hm®
ARG N 1:1 3B AP E T 12 /21 3B
FLARTR; 7E 60 kg/hm® i AR R 1:252:1>1:1



rhE SR 2019 (4)

120

b

100 -
80 -
60 -
40

AR ALY AL EEE
(Ulg FW)

20

0 60 9%
AR (ke/hm?)

100

80 ab a

60 -

40

SEILEEEE
[U/ (min * g FW)]

20

o 0 & 90
i E (kg/hm?)

B
5000 a
= 4000 [
% E g b
g @ 3000 u! Ib
N . e -
<8 2000 - Ll
® Im- - n
— u u
= L n
P 1000 e i .
- [ )
0 | L L]
0 30 60 90
HEEE (kg/hm?)
D
50
a
T
40 -
30 b b
T

T
Pyt

20

o
T
o

o
o

CIFGIc oy
( pmol/g FW )

10 |

[
| B mme
T
T
b

r“““
o

0 30 60 90
MRS (kg/hm?)

Ock & B2 : 1 O ikl 01 B Bkl 2
B3 AREEEAEEREBILNEERZNSLEFEURTREESENZN

FE3B i B #Y; AE 90 ke/hm? it A 5 T ) 6 30
1:1>1:252: 1 3658 LA R34, BRI ZE 0 A L
) 45 1 s T HE AR R T M T BR T BE 9 SOD 1 P
TR, X RRAUAR R SOD % PEAIK T 30 ke/hm” Jifi 20
TR 11 38 AR P, {H R T 60 ke/hm” jife 2L i
B 2:1F1: 158 . 90 ke/hm’ Jifi &L F AY 3 4
FiB AL B, AR FR POD 36 ME7E 45 it AU T R
W12 B AN BRI AR B kA, RIEF 11 f 21
S8 2 R T 3 25 55 7E 60 1 90 ke/hm” it 20 fit
()25 3638 L A& F T AR 3R POD i 4 34 . S5 1K 1%
HEOCEI3B ), MR R CAT 1 PEAE 45 it A it B ¥ R
W12 30 H AR PRI AR A RS FE 60 T 90 kg/hm’
MR FYERIME 2: 151 1>1:2 9%, BN
LBl CAT ISR R, 7E 30 kg/hm” jifi (& T 10
FeH 1:152:1>1:2, 7 30 H1 60 ke/hm® Jifi A & 1
& HSE AT YK 2R CAT T 1 24 i 2% T % e
(E3C), BRI, 60 kg/hm’ i & 2 BT A AL
TEPERAIG.
RS RO A A B R E ST
Jiti ZAL B 7E 30 ke/hm” il BRI RPN 1:1 338
FE@EE T 12 M 2: 1 58 AL BE, 7F 60 kg/hm®
i AR N RN 2 1>1:1>1:2 K3 s 7E 90 ky/
hm” R FREM N 1:2>1:1>2:1 (K 3D ),

2.5 TRV it FH 62 B Jk 3l o 38 22 4R RO A 4y
nRipA|

H1 B 4T, B2 AR AR B K 7E 60 T 90 kehm
WA R R 2:1>1:2>1: 1 558 AL B
A, BITE R AR R A 25 R PR 0 T AR &R Y
fit; 60 ke/hm’ Jifi 2 & 1 2 22 M R ROAR K & fk I
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Jith UE 1 1R 2 3R H Y AR R I R A e,
30 kg/hm® Jifi G AY 1:2 F12: 1 358 L. 60 kg/hm®
JiE A 2 1 3B FE . 90 ke/hm® Jifi 40 2 (1) 3 4~ 3
B S XTI R R B 2 R B
FRAR BRI R AR LB LA, 7E 30 ke/hm? Jifi 4 &=
R 2:1>1:2>1 1 B8 LA ER A #a Y 60 ke/
hm? A TR 1:1>1:252: 1 354 APy i
90 kg/hm” A TR 1:152:1>1:2 338
oAb BR 4%, I H 60 kg/hm i 20 2 O AR B A2 A1
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®3 ARBERFHTHRERSRARSEFEXES

S 1E] = AR SRR Z Jiti 2R SR R TR R R
2:1 BREK 0.960"
MR 0.375 0.898"
WEAZ -0.902" -0.953" -0.412
FRAAFR -0.868" -0.927 0.093 0.950”
Uit 0.704 0.816" 0.700 -0.683 -0.585
1:1 BAREK -0.410
LS ITRA 0.553 0.424
iE 0.141 0.540 0.898"
HRAFA 0.538 0.240 0.938" 0.980°
RIS 0.472 -0.711 -0.007 0.386 0.368
1:2 AR 0.588
T AR -0.246 0.343
iNER -0.590 -0.186 0.831°
FRAAFR -0.261 0.161 0.965" 0.933”
YL 0.504 0.326 -0.994" -0.964" -0.971"

T oL o IR 0.05 K REAR . 0.01 KFRBEAR. Tl
M4 nlH, FEREUE RS, Fas R R E G BRI SR A AR 2 Tk
WEARBHEME, SR SRKERXE X, RARSREmAREEEMS, SRERE
K, REAGRERERFEMC, hZ0EH  EBFEMG. ERZNEHERRIT, SEH SRR
BAMT, B SRERAEREZ AR, 5 WRREFEMS, RBISGHRERE BE TR,
x4 ARBREFH TEERSRARSEFEXES

i (kg/hm®) SR ER A R MR WRER HAATR
30 BRI -0.843°
HLTH AR 0.262 0.108
HE A% 0.726° -0.544 0.616
HRAAF 0.668 -0.260 0.863 0.943"
FRIHEL -0.913" 0.947 0.274 -0.531 -0.435
60 SAREK 0.335
LSRR -0.889" -0.283
HEFA% -0.618 -0.923" 0.616
FRAAFR -0.788" -0.758 0.848" 0.938"
YKL 0.194 0.268 -0.159 -0.379 -0.340
90 BRK 0.569
FRATHER 0.942° 0.411
M E AR 0.172 0.774 0.546
FRAAFR 0.261 -0.568 0.503 0.791
AL -0.708 -0.066 -0.768 -0.950" -0.418
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2.6 IR ZURE it FH B S ik b BE A A AR AR K R
B MBS = i () 5

HI2¢ 5 AT, R MR LA 1R 90 kg/hm?
Jiti 28 I T A A b B AR A, DI B, 7E
Jiti AL R 30 ke/hm® it AU Y 1:2 BB HLAAIER
NI ZERLEEAR I 60 kg/hm® Jifi & 2 1=
HoAh 45 A A R H, At A AL BE A 60 ke/hm® ifi
1B A N s, 161 mm, K

B PR 3 BN it LR TR AL, FE 60 kg/hm? it
HRRIN 1:252:1>1: 1 f#a3,

i &8 5 A%, 1E 60 ke/hm’ it & & 551 R 197
TR A b A AN, JfH 201, 1:1
H1 122 B30 Fb o BB AL 1 7 74.6% . 40.3% FI
86.8%. & 5 FIFE 4 n[ %1, HE% 60 ke/hm® IE5H H
12 AL BRI R A, PR, ZEFFECRLH:,
AR E R ROR

x5 AREREHEAEREEENEZERERZENZM

QbR Mt (kg/hm®) EASERA P Cem) 25 (mm) i (em)
€1 (CK) 0 — 143.6 + 10.46a 13.9+ 1.83¢ 29.7 +0.73¢
c2 30 2:1 125.4+9.25¢ 13.2 £ 1.58¢ 41.8+1.96a
a3 30 1:1 125.6 +9.87¢ 12.8+ 1.35d 37.4+1.32¢
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Wang H, Zhao S C, Xia W J, et al. Effect of cadmium stress

Effects of nitrogen fertilizer application amount and ratio of base to topdressing fertilizer on physiological traits and
assimilate distribution of root of quinoa

YAN Shi-peng'” >, FENG Huan-qin" >, YANG Hong-wei> *, JIAO Run-an" >, ZHANG Shu-han" >, KANG Xiao-hua®,
LI Chao-zhou" > (1. College of Life Science and Technology, Gansu Agricultural University, Lanzhou Gansu 730070;
2. Gansu Key Laboratory of Crop Genetics & Germplasm Enhancement, Lanzhou Gansu 730070; 3. Gansu Tiaoshan
Institute of Agricultural and Forestry Sciences, Jingtai Gansu 730400; 4. Faculty of Agronomy, Gansu Agricultural
University, Lanzhou Gansu 730070 )

Abstract: To provide a basis for the effective utilization of fertilizer in the growth and production of quinoa, the effect of
different amount of nitrogen ( N ) fertilizer and different base to topdressing ratio on the root morphological characteristics,
physiological metabolism, agronomic trait as well as tuber weight of quinoa were studied under drip irrigation mode. The
results showed that, with 2 : I base to dressing ratio, 60 kg/hm” N fertilizer application improved the root vigor, the
production rate of O, ~and MDA content were significantly lower than that of control ( C1 ), while the MDA content peaked
under 90 kg/hm” N fertilizer application, SOD activity reduced with a reactive oxygen metabolism disorder. As a whole,
under the condition of 60 kg/hm” N fertilizer application, the accumulation of reactive oxygen was relatively low. High level
of N fertilizer ( 60 and 90 kg/hm” ) with low ratio of N topdressing promoted the extension of quinoa root system. The total root
length and root surface area of quinoa under 60 kg/hm” N fertilizer were higher than that of 30 kg/hm’. The root diameter and
root volume of quinoa under 60 kg/hm” N fertilizer were higher than that of other treatments. The yield and single plant weight of
quinoa under 60 kg/hm’ N application were higher than other treatments and tuber weight was 74.6%, 86.8% and 40.3% higher
than the control respectively. Under the same N application amount and 1 : 2 base to topdressing ratio, the comprehensive
performance of quinoa plant was the best, with a moderate plant height, relatively thick stalk and largest plant weight. In
conclusion, a moderate amount of N fertilizer application ( 60 kg/lhm” ) along with an appropriate ratio of topdressing fertilizer
applying during quinoa fertility stage could alleviate the osmotic stress caused by imbalance between the concentration of soil
solution and the infiltration potential of root cells through the adjustment in physiological metabolism and root morphology,
consequently, reduce the degree of lipid peroxidation and cell membrane damage of quinoa root system, improve the plant
erowth and development. With 60 kg/hm® N application amount and 1 : 2 base to topdressing ratio, the comprehensive
economic characters were the best.

Key words: nitrogen application rate; ratio of base to topdressing; quinoa; root morphological; root physiological traits
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