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FERE = REAHS R
SRR LR AR L R K b
(L FEIR B HARMAE H Tl IR 7446995 2. HR Ml R AE R =R R 2285, i 2244 730070)

E ARt S 0 A /N LA BRMEIR AN B REMR , DL/ S TR 13 Dbk, ilid B8 0.75.150,225.300 kg/hm?
5 MR- I EA R T /N AR e A S O R SR DO SR TR i L SR Rk B, TR
TEAURPRL A G5 SRR TEIE S R N SR R AT LABR R /N AR 3 o DG R M S R VOSBRI DU RIS |
FREL BEORLEI TR AR R i BRI 4R R ab H{E (Chl a/b) (JIIR] CO, ¥R (C) VAR 6 b4 13 K R B (NPQ) Rl — i
(MDA) ik, SEAARDCHE M AT, AL EE (G FISEBRIEAL ERCR () 57N RIS TR B i ROk AL i 5 (25 1EAH
KRB (r=0.82~0.86) . TEAIRIEZRAF T, MR N 225 kg/hm? I, /N2 FEECS AN U FLIE N 41.29% , BERLEOE

46.09% , T-RIFTRIETIN 33.43% K PRrr et il 58.68% . [HIL, itiZ&U 225 ke/hm? &4t m P/ NE TR RS K-

KA N R G E R BRI T AR
FE S S512.1+1

ANFE PR PG T R X AR,
Fofo b TR AR o P A E AR B T AR Y 409% 25451, /U(N) &
YERTED A K R E TR E IRt R 22—, JE Rl
= Ol SN ) I AW e = U ST AN S = 7a
U BB . A, ZUEEAAS B 5 e
PRAE KR & A8, 1 Bm™ 5 (0 AU B A 2ot it 3 B
RIEFIFHZAG A5 Y G s, PR SR 208
it KT X PGSR XN P72l ) R 7 ™ B mT g
SR EHAEERZ L,

SeAAEHIEAEY) = B8 B SR, /N 7=
0% -4k A FHAERM sk, ik A1k
F i 20% ~ 3091, 4R ZE5SES T LU WOE A
ARG NTERE AL R, A ARG R 38 24 1
REKFEA RS A ERETEADLRGE R
SRS PR AR SRS ), 52 e I 5 R LR
PR S ED A AP L AR, SKOT I AR oE R B,
REIKFAE 0~240 kg/hm? B, /N2 eI -4 2%
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WP FFRLIE 1, 2T [ S e A B, 7 e RUIE A F
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(POD) i AL &0 (CAT) TR ML AR o S Ak 1 it
(APX) #EPE4 TR R NE A0 10, o S A A P
IR, pyt ] DL e hn 2UIE DA B s Rl XS 50
SRR, 2R Rl ) AR R e, e R R /N AL
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ZAE TP TOCE R R A B B — T T, 255
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Fofr bl YR EL AR A AR ) O R H R B ROl B2
Be/NZWFFE AT LA 22 R 15 WREA (232 53 A AL
EVEE AL, 2018 438 o HR & AR AW i Ao e 2%
REHE, H 295 1 % 20180018,
1.2 K

I T 2020 4E 10 —2021 4£ 7 A7EH R4
Spi T YR B 6 v (105°577 £.35°207 N, ifg
1740 m) P47, IR KR AR R, AR
I 7.8 °C, TCFEM 148 d, A FE/K & 470 mm, [
FEAERE 7—9 J1 2R EAE 1500 mm LA F
IR A 4 SR S R 8, T RD Ry
60.7 mg/kg, HAME 5 H N 11.5 mg/kg, HAUH 550
83.1 mg/kg, FHUREHHR 14.2 o/kg. /NERERIMEE
P,05 150 kg/hm?, 81 #% K,0 60 kg/hm? Jifi FH , %00 3%
5 AR, RISt &R (No) K 4l 75 kg/hm*(N) |
150 kg/hm?(N,) .225 kg/hm®(N;) 300 kg/hm? (N,) F
R — PR, B F AR A R R (N 5T 43 50
H 46%) IR B (P05 BT 43 BUR 46% ) FIT IR
BI(K,0 JREIECN 52%) , WA /NEE TN
BIANTEREAE , H R0 R AL 131, BRAb R 3
WEE ,/NX AL 40 m*(5 m x 8 m) , T4 /N X AEFl
4 0.9 kg, 5545 4700 0.2 m., 7E/NE AR, 4
Ab PRBEAL RS 10 PRAS S — SR bR AR i, iF
FAAROGAE BRAR BRI A2 .
1.3 J5bRilE
1.3.1 MEREEENE . R 80%NHNR L, 7
BIXAEIT 0.7.14.21.28 F1 35 d [ 4540 B 1) /NAZ it
Hit2g 3R a(Chl a) (48 % b(Chl b) Al G 48 2
(Chl a+b) #4702, 3T Chl a/b H{H , AL HE
3WHEK
1.3.2 SEAERIE 3 Li-6400 #0651,
ST AEIG 0.7.14.21.28 F1 35 d, HEHEREHIAY R
T 9:00—11:00 M /NAZ HER ()6 G5 (P) |
SALFEE(G) ] CO, MR (C) FIZE B R (T,) .
FRAR PRI 10 5K32 565 o) AH T A TEE - 1A T
1.3.3 MR RISESENE . ¥EH FluorPen FP110
fEHEDEAL, B FAESS 0.7.14.21.28 Fi1 35 d,
PERERE RS 9 0 00—11 : 00, LML F] 20 min,
DU /N2 TR () e KA 22O (FUF,) VS BRoetb
LR D) FHEIEAL VK ZEL(NPQ 1B o FRAb
PR 10 3832607 ) A B R Tl e . SR 58
AN TG PN E 1,5- BRI B BHR (L / hn
A (Rubisco) 16 Pk

134 Hrafby e . 535 T/NE RIS 0.7.14,
21.28 i1 35 d HURE 00 7 T -0 S AR TG P F T —
M (MDA) i, Hop MDA Sl R E
7T i 0 3014 e AR AL P AL it (SOD) i 4 0 o R
FHAE DU (NBT) 2524, 3 48 Ak S0 (CAT) 335 14 I
FE R B A3 060 BE 14, 3ok A Ak it (POD) 15 1
W 2R FH A B A 3724,
1.3.5 P eRIE . TN U, /N X B
PEREREIY S0 3 A (AR AR 1 m?),
WA B (SN) ok B0 (KN 1 T-6r 5t 5 (TKW) |, 552
WO AR R (GY) .
1.4 Fdabr 550

IR EE % ] Excel 2016 F1 SPSS 22.0 #47
ety , I Origin 2021 3k 1424 74214,

2 HZRE5HSH

2.1 ARFREZEKT T /NEZ 2 R 5 w2k
W 1 s, AFEREZRKET/NEEM: Chla,
Chl b 1 Chl a+b & S FfiAE FIAEK 2 %E ETHE
TR R IR 7 d BB 14 d 15 %)
UEAE, B JS R F% . [A]—H 5, Chl a.Chl b F1 Chl a+b?%
HH RN NoNSNSNSN,, HoAg,Chl b 7E N,
N, T ER TGS L, Chl a.Chl b Al
Chl a+b FEANFA R KT T EFA G2 L&
G EE L AFAARAKTT/NEZEM Chl a/b
BRI T, KA NN SNSNSN,, Ah
No 55 NiN; 55 Ny 7K R /N Chl a/b 22 500
Giiterag o LA B N ZUNE A8 S 4 R /N2
JEE IR R
2.2 ARFEAEZEIKF N /INEZHEM A B0 AR L
i 2 Fos AR R KT /ANE R GO T,
BfiA: I K 2 SE BT R R BRI S 45 bR
TEACSS 7 d IRBNE(E, BESS TR, P 7EAENS 14 d 35
PN bfJS FRE. [R—AFH], P G Al T, FEA R
H NSN>N>N>Noo AFAZREKE R /INZ T G 4
IREESE FTHGE RS Ny 7EAENG 14 d G (Ef R, 7
A 337.9 wmol/mol; N, A1 N, ZbHF ¢ #E4E)5 21 d 35
FNEAE, 43914 336.90.316.08 wmol/mol ; N3 I N, 7E
165 28 d CAEE =, 4r5lik 307.88.310.62 pumol/mol.,
N; il Ny KR P GL T G = RIS
S, B 2 i R A 225 ke/hm? 5 it AR AS
FERL /N T S AR ) TR T
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2.3 AHERZEAKF T /NZ 2R 5SS HN @y AR B HIER I BTSRRI AN,

Ak

WE 3 FoR, A AT BT AR AR K
TN NPQ (ERAR LG T BRI I R
H N>NSNSNSNs, B 7 d 240 B NPQ {H i
Ko ANREIAZKETF/NEBITE F/F,, §w
Rubisco 1% ¥R F I K N>NSNSN SNy, FU/F,

0.90
N NN, Ny N,

0.85
0.80

0.75

FJF,

0.70

0.65

0.60

1.5

1.2

NPQ &

0.9
0.6
0.3

0
0 7 14 21 28 35

AESF KA /d

N, LR F/F, Fl @y TEALSS 7 d IS FUE(E LN,
N A B R AEAE IS 14 d Sk BN BE S . T
Rubisco /& PETEAE )G 14 d FfiAE B A IEK 2B R B
P UL E AR N REAE /N A F S WA AR
Rubisco 164, SEZE M- 5%, dam i G S 4EF .

0.8 B

No N, N, N, N,
0.7
0.6

0.5

d) PSI

0.4

0.3

0.2

1.2

1.0

0.8

0.6

0.4

0.2

Rubisco 314 /[mmol /(min-mL) ]

0 7 14 21 28 35
A6 KA

A.FJF,;B. ®py; C.NPQ {8 ; D.Rubisco itk

3 AEBRKFEIDMEMFHEERESHBZNE

24 AFAZRKE N /INEZ S B A2 ik

WK 4 s, AFEAZE KT /NEZ#R SOD.,
CAT #1 POD VG PEY A & WK 205G BT
FEmas . AFRAZRAE T /NEZE MDA 1A%
TS FIH No>N>N>NSN;, N B9 MDA 518
4 76.59 wmol/g, N; ) MDA 5 &4 54.38 wmol/g. N,
5 NN, 5 N, KSR B CAT Al POD 3 122 5% 6
Gt #E L, {H Ny /KFE R SOD.POD 1 MDA #15
HA A Z AP 2 5 R Gt 8, U S
R KT a4 B /N v p SR AT P | R IS
REHCEEAL W, s GGAVE T, i i v st Ik it
Rl A AT RERRIR/ N2 M p e L RE DT

2.5 ARIREZFIKER N 7 B0

PR FERCEOR TR T RPN/ N A 7 Y
SRR, IS IRIZKCT 0 BEXT/INZE (7 it S HA)
BRI F A IR 520 . B3R 1 AT, Bt A
PN, ZINAZ R R R TR BT S FIF PR 4
FICOMHIINAEE . 5 N AN, 23R /N2 kR
PN 195.48 ke/hm?, N, 411 546.64 kg/hm?, N, 3
I 1465.36 kg/hm?, 1M1 N, 6 N5 J8/b 561.32 kg/hm?, i3,
B3 4 19 RIS 2 (/N2 7 s 1 T U ot o
Mt 225 kg/hm? KI5, X/ B 3G 7= RN AR
B o SRS 01 L A [ ¥
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100 A 45 B
Ny N, N, N, N, No N, N, N, N,
90 40
—~ = 35
%D 80 fo 30
£ =
2 7 > 25
I 60 o 20
&t e
< 44 15
= f 10
40 5
30 0
C D
016 0.5
E = 04
o 012 i
= 0.3
= =
= 0.08 =]
oF ~ 02
> 0.04 Z o1
(&) o
[a
0 0
0 7 14 21 28 35 0 7 14 21 28 35
A6 REC/d AESF KA 1
AMDA &5 B.SOD %44 ; C.CAT i ; D.POD 54
B4 AERKREAKRE[FNMNEMHFREAT R0
F1 AAREKFEMHNEFRNFEREHNKREZHNZIE
Ab3g TEEC/(CAS /hm?) TR % /CRL / ) TR /g AR /(kg/hm?)
No 210.73 ¢ 22.76 ¢ 34.58 ¢ 2 496.83 d
N, 223.97 be 2320 ¢ 36.60 ¢ 2692.31 cd
N, 243.68 be 28.88 b 4256 b 3 043.47 be
N, 297.75 a 33.25a 46.14 a 3962.19 a
N, 255.09 b 33.56 a 43.15 ab 3 400.87 b

T FSVE R AR INE PR 2OR AR B R 22 5 A i X (P<0.05) .

2.6 /NEIEMSEA MR SUEAY R R
(i8] A DG

XF/INZZ TG A AR FIR PR S e
FHOCHERAEA FAHOC A3 BT (7B 7R T8 5) &3, Chl a,
Chl b.Chl a+b.P,. G..T.. F./F,. ® ;. Rubiscoli ¥k
SOD V& PEF POD #& VL4 5 SN KN TKW F1 GY &
i3 (P <0.05) 8l i 2 (P < 0.01) IEAHOG, #HE R

¥r(D)7E 0.54 ~0.86, 1 CAT iEHES SN .TKW Hl GY
I 0 S BN B R A DG, A G R EUFE 0.58 ~0.65.
Hor. G, 1 Dy 577 B A5 LA T 3 2 B e
(r=0.82~0.86) ,NPQ {EFl MDA % 0l 5 SN KN
TKW 1 GY A REHAAR (r=-022~-045);
Chl a/b 5 KN 5t & 3 61 A ¢, M6 R UK &
(r=-0.52).
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Gs ¢ PSII

T. F/F, ChlbRubisco Chla Chla+b SOD CAT P,

*P<0.05
**P<0.01

HIRREL
1.00
KN 0.80
0.60
040
0.20

-0.00

-0.20

-0.40

-0.60

SN

TKW

GY

POD G NPQ Chla/b MDA

* FOR B EAF(P<0.05) , % FoRMEEM(P<0.01)

B 5
3 g

TP ER KT ITLHNEFR TR, R
HVEY 7 R E R R . 8 B & w] DA A
WARKKE  ARET TR 2 E R I RE T
Jit 28 A Ao 5 U] 2 B AT A A B %o Wl LB DA R HL A 3L
THICER MRS, FEARPED 7 1o, A58 & B, Bl
Jiti R PRGN, /NAZ i e i G B VR R HE 4
Bifi = 380, {H 24 i 2 A 225 kg/hm? S5 A EE
PRI REAR , 1092 R 3 7K P S 3 - b /N 22 18 7 1
T X 5 AR A R0 —3

M R AR R R TG G PR R 2R I A
HIE LG BT, /N2 D g A e SOt AR
(A58 55 )™ F 5 R E S 3 #29, Chl a F1 Chl b
B HPSC YDA EH R EE AR . AR
ZER oK, /NEZREM Chl a,Chl b 1 Chl a+b & &
Jith R B N A ST E R Y RS PR R K
AT DA S AR R G R B R, XS
HABFREEE R —E S A AR R P R R
R, H/ANE B YA, RE LA A B, /N
A2 P G T, ¥t 0 S 4 o £t S i o vy e 200,
AWFFEEE RGNS R, 7E 225 ke/hm? A FRK
R PG T By AR R K444, T G
TRTF AR R A, U A S R R KT AR
LA EEEA CO, MFIfLRE ) MRIDE R Gtisl; . it
LR VOCSHT LU HIE W NG EAE R AR (E

NEMHAAGEEER MEXMRRFTEZEHHEXRE

B FJF, F @ S PS TR 0 2ERR
FCAEMIC I TEBAEHT 0 ~ 225 ke/hm? A ZEKETF,
EAT B ARG IR, RIS AT ARG
PS T 207 0 14 336 1 |, 32 i i R %o S A 1Y) 4 4R
AES1. AN, ARBFFER NPQ (EH Sk 5 F/F, Fil
Dy FHEL, 7E 0 ~ 225 kg/hm?® R ZE KT 280 B fite
R VG T i AL S e S 1 o T L 2 B
R A M FE U 7 HR A B R T AR
EDERUN AT AZPE . Rubisco J&fR AL R 1)
DA, LRV A E R . FIBIAEIE A
PR, i & T 225 kg/hm? 2253320 Rubisco 61 F
REPS 3k AR Y4 3, i 251 BH Rubisco 161
R R

AN AT G, A0 N T T A R B
L, /N i R A R AR 3o AL AR R e P R 45 1Y
PR, HET S B 5 g R e A VE
BT, E Yt AIE AT LA R /N2 2
JitL P T SR A TG P | 3 B B R R T R
ZWR RS R I, B A A S, SOD .
CAT F1 POD B9IGHERE AN, 1 MDA 5 R, AR
¥, WA I, SOD .CAT F1 POD FEEA,
P (B Y A A 300 ke/hm? I, 3t 8 AL 1Y
TGP DU S AN [ R R A AT . 2R I, 3 4t i 4
JE AT DA 2 s b AR B A0 e L S/ N i ol
A REL, it 20 Ao = ) 2 il /N2 e A AL B
OIS PE, MEA I, MDA 2 B 38, T SOD.
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F40%E FH2W

CAT 1 POD {&PEZ218 b Ft, Bk )5 T R, 36
AREZAKFETAEE 0~21 d i A BEHE P14 24
s, A TFIEBRIG A KOG EVER, /N AR
WHRALHRIR MR A: T I E , /N i T PR
R, S ETE ARG A A B AR 1 A Y
S, E/NZAETEI L ARIA R AT EIEL AL
724 MDA 55 SOD . CAT.POD I PE28 fh ka3 A
2, Uk Bt AR 2 e /N i B SRR R R
INFEN R U DRI Y it i RUIE RE R /N2
MR PUEEERE ), SRR/ N FPRIER BE T, TR
WEF

RS R SORT TR BT i /A2 7 i R e A
W ST AR I, A Yt N IS 2 S 2 R /N A
B RO TR B, F AR R B, A
TETE 0~ 240 kg/hm? JUFE N , /N22 B REER RERLE5CFN
TR N, L 240 kg/hm? J5 BB BRI KL
R FEAIRE, AW R B, 5 AN HE I A E, AR
Jit S35 225 ke/hm? I, /NZZ RO 0 41.29% ,
TEOR B T 46.09% , KL 5 18 11133.43% , FFRir
TGN 58.69% ; it A ik 300 kg/hm? B, /NAZ 1)
KPR i He it A 225 kg/hm? 1Y R [ 14.17% ., il xt
I BRSSP RL R A S B, BB G A
Dy SRS TR A B IE AR
AT D 3 Bt mNE S 3 s /N A2 7 o it R 2
st ZER /N A R T

4 #iR

T Y N AL RE S 3 B /N A AR R AR Y R R
B IOGHR SR IO R ST A ARG
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Effects of Soaking Millet Seeds with Uniconazole on Seed Germination
and Seedling Growth

JU Le, CHEN Peiyu, NIU Yinting, YIN Zhigang, QIANG Xuejie, YU Xingjian, GUO Tengfei
(Nanyang Academy of Agricultural Sciences, Nanyang 473000, China)

Abstract: The present study was undertaken to assess the effects of soaking millet seeds with uniconazole on seed germination and
seedling growth, using the millet variety Wangu No.2 as the experimental material. Different lengths of soaking time (12,24 h) and
concentrations of uniconazole (0, 10, 20, 30, 40, 50 mg/L) were set for the germination experiment, in which germination potential,
bud length, bud sheath length, root length, root number, bud dry weight, and root dry weight were measured. The results are as follows.
Firstly, seed germination potential decreased after seeds were treated with uniconazole. Secondly, soaking time with uniconazole
produced statistically significant or even very significant effects on germination potential, root number, shoot length, dry weight of
shoots, root-shoot ratio, and the rate of material transport, while it had no statistically significant effect on root length, sheath length,
and dry weight of roots of millet seedlings. Under the condition of the same length of soaking time with uniconazole, increasing its
concentration significantly inhibited the growth of millet seedlings, shown by a downward trend of germination potential, root length,
shoot sheath length, shoot length, dry weight of roots, dry weight of shoots, and material transport rate. Thirdly, shoot length, dry
weight of roots, material transport rate, shoot sheath length, root length, germination potential, and dry weight of shoots were all
positively correlated with the sensitivity of millet seeds to uniconazole in the germination stage. Thus, shoot length, dry weight of roots,
and material transport rate can be used as indicators of the sensitivity of millet germplasm to uniconazole in the germination stage.

Key Words: Plant growth regulator; Millet; Germination; Membership function method
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Effects of Different Nitrogen Application Rates on the Photosynthesis
and Antioxidant Characteristics and Grain Yield of Winter Wheat
Planted in an Arid Area

DANG Linxue', TIAN Tian?, HAN Fanli', LI Jun', YANG Yongjun', ZHANG Zengxi', CHEN Tao?,
YANG Delong?
(1.Agricultural Technology Extension Center of Zhuanglang County, Zhuanglang 744699, China; 2. College of Life Science and
Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: In order to evaluate the effects of different nitrogen (N) application rates on the physiological traits of the flag leaf and yield
of winter wheat, a field trial was carried out at Nanhu Experimental Station of Zhuanglang County from October 2020 to July 2021,
using the wheat variety Zhuanglang 13 as the plant material. Five treatments with the N application rates at 0, 75, 150, 225, and
300 kg/hm? were set, which were compared in the physiological traits (chlorophyll content, photosynthetic rate, chlorophyll
fluorescence parameters, and antioxidants) of wheat flag leaf after anthesis, yield components (spike number, spike grain number,
thousand-grain weight), and grain yield. The results showed that increasing N application rate in the certain range elevated chlorophyll
content, photosynthetic rate, chlorophyll fluorescence parameters, antioxidant enzyme activity, spike number, grain number per spike,
thousand-grain weight, and grain yield; and decreased chlorophyll a/b ratio (Chl a/b), intercellular CO, concentration (C),
non-photochemical quenching coefficient (NPQ), and malondialdehyde (MDA) content in wheat. Stomatal conductance (G;) and
photochemical efficiency (¢ps) showed significant positive correlations with each of the yield components with high correlation
coefficients (r=0.82-0.86). Moreover, the study showed that the yield-related traits increased by 33.43%(1 000-grain mass) .58.68%
(grain yield) in the treatment with the N application rate at 225 kg/hm? compared with the control without N application; therefore, the
N application rate at 225 kg/hm? is optimum for improving the yield of winter wheat planted in the arid area. This study lays a
foundation for the appropriate management of N fertilizer in winter wheat production in arid areas of Northwest China.

Key Words: Wheat; Nitrogen; Photosynthetic physiology; Antioxidant; Grain yield
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