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1 HRSE

1.1 st

Bk A OIS R 6 SRS 22, HNIMEE
ISP TH RAMELEBLE B B R A, Hod, W%
265 (HHEFE 2006020) ¥k HRXEFAHEHE
49 S/1L4 45, i 80 cm, PLEMEIE 3 4, PR
PR, £E 2015 1% TR KF 2 4 9808.5 kg/hm?
(H™® 653.9 kg) M4 EFEH/NE a5, &5
22 ([HHZ 20180058) ik H X BEAA A A ZE 16/
B 75 (&5 7 S BXEAAEERZE 41 /11K
45) , Fhi 749 em, PUEMEIL 3 9, PR,
5557 47 #1124 2022 F410& T 9892.8 kg/hm? (H
7% 659.52 kg) 4%,

2 8 R A OOV IR (1) 5 2 FH b1 0 X 4 A
FFpF (RifR) K/, KR (>6 Hif, Hi
£>3.35mm) . ORI (6~8 HIF, HifE 2.36~
3.35 mm) FI/NRIT (<8 H i, #ifE<2.36 mm).
1.2 It
1.2.1 #AFHR44H  WIET 2019 4 10-11 HLE
W R R AR F B L e = AT o 2 A Fh
FRAEHFRLH 75% 0 FE T4 5 10 min J5 H 28 18K
Ve, Wik 24h 5, PhikEE AR . KR
MERE v ) A 2 BRI R & (10 cmx
10 cmx3 cm) ", H& 70 Fi. BISJEB, XN
ANTRBEEW 15 mL, 3 KRER . FRE RS 5N
1/2 Hoagland & 7% BC 1 1M 1) 20% PEG-6000 %
W, TR 500, B T R, ANE I PEG-6000
] 1/2 Hoagland & F=RAE N AR, A CK o, Bl
JETION 20 °CHEIR BSR4, WEIRAE 85%, JuJE
B/ 12 0/12h, J658 10 000 1x.

122 #huthZAfe b 24 PP 1.2.1,
Wik 24 h 5, PhikEE SRR, g E e 2
WA F, BNKEEEEH (15 emx20 cmx15 cm) 3
TR IR . NAERRR RAE K I B RS, JKEE R Y
A BaRTOE. BANKBEBERM2.0L 1 12
Hoagland &5, & 2d Bt 1 EFHW. HBHRE
31 AT K AL FE (T ALEEFT CK 4b#D) , 3
WER., BRI ELRFERAKRE

(DO) } 6~8 mg/L.
1.3 MEMBSH®
131 #F&FH RE (ERMHFEBNE)
PUEAR & = Rl PR IR 2K = 0.5 5 fh T K AE N R
FhRdE, R 3 RMERFH, EF 7 KRIEKR
%%[11]0

RS (%) =5 3 REHFM TR E/ SR F T
FLELx100;

KRR (%) =5 7 KRR FFF R/ 7
Fi%x100,
1.3.2 ARF AR ELFEH 3. 6 F19d 535N
A RN TR R 5 %, FHZEMKE TG
FAWR K AR, R AL = 28 5 O 20 ade J5 vk
(TTC ) MM #1302, )5 4 M8 d
MEEAS LB 23 0 R BE /N T S bR, SR ZRRK
Veig e e 4Ok AR K 0 e+, UEBES A b
BT/ R FAR I, R SR Z A X,
ANEE, HHRAAFI (Epson EU-88) #47H
5, 5 R A Win-RHIZO R4 B, R E
1y MRFIAFIAR AR .
133 A KIS ER 3. 6 /194,
I3 MBS AL B EY 5 AN, BYRRIR A T
2 A ALY B AL (SOD) . i AL &l (CAT)
WA B (MDA) . RIAEPERE (SS) A E
HZ R (Pro) &&. KAREINM (NBT) &
JE SOD V&M, K AN MO 8 CAT i1,
KHACE L Z /2 (TBA) Hll5E MDA & &, ¥
FH BRI Eb (v 52 SS 5 &, R R 1 B — vk 1)
ME Pro & & .
134 #EFFZHK PLEREL (DO =T F4L 2N
SE AR/ RN s (04

SR FEHEI T, 3. 6. 9 RIBE
WVRN 1/64 1/3 172, 55 4. 8 RIUBLEMK N 1/3.
23, Sl E SRR R, E I IR
FERECRAG R A PR R, HAEBOKR Y
T RN E LR, R PTR R E.
1.4 IR

X H Microsoft Excel 2016 1 SPSS 27 X} (&
HAT AL B . R FH BRI 2 7 Z 0 M1k (one-way
ANOVA) Flfg /N3 7% 551k (LSD) 43 W AS[F Fh
T RKANRMAFEK SO ZFZHMES . R
Microsoft Excel 2016 1E & .
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21 FEAENT S ARE FENEN ot (V5 6 BT E A CK ALHE i

HIZ 1 ATg, SXPIEARLE, T AR E 6 6 SHIAFHMA R R RER S 41.0 f1 36.7
SRS 22 AFRAR IR R MK F R R DAL BB 22 TRFERM. SRR
FREAK, R 6 SR FRME AL m RS, PR FERIS S 6 5 1K 5K 5 RAEXT
22, FEFEFTRARIHIIN, NERFHME R T REREINYLERFZZR. WU R T fE
BRE ETHEY, ERmANESMAT RS ETRTREET 22 MR FHMR R,

®1 MFRNINELFHMELF RN

Table 1 Effects of seed size on germination potential and germination rate of wheat %
S iy NN R % Germination potential K %% Germination rate
Variety Seed size T CK T CK
%44 6 5 Luohan 6 I 30.00+3.78Aa 81.90+4.12Ab 58.57+5.15Aa 92.86+2.86Ab
1T 25.71£5.71Aa 74.76+£7.33Ab 51.90+3.30Aa 86.67+4.36Bb
1T 23.81£1.65Aa 40.95+3.30Bb 41.90+£3.60ABa 56.19+0.82Cb
%4 22 Luohan 22 1 38.57+2.86Aa 59.52+4.36Ab 57.14+1.43Aa 85.71+1.43Ab
i 28.57+7.14Ba 54.29+8.92Ab 40.95+8.61Ba 80.95+6.75Ab
1 31.40+2.86Ba 52.38+5.02Ab 44.70+7.87Ba 82.86+2.47Ab

ANFIRE FRERIRF — 5 IR — AR R AR R 7R/ 22 7 B3 s AR/ RERIR R — W I IR — b7 A R AL B ) 22 S 56 3
(P<0.05) . T

Different capital letters indicate significant differences in seed sizes under the same treatment in the same measuring period, and different lowercase

letters indicate significant differences between different treatments in the same measuring period (P < 0.05). The same below.

22 AEACIBXS 48R A FF RS20 20.1%~41.2%, HRLFhFT 5 NEm 3.6%~22.8%,
22,1 styhwmRAEH G0 BB LA, B XSFHETRE 7.3%~27.1%; &5 22 KM FT2F
EHRFRASKIIG I, DNEER ARG EERE B PR 12.7%~135.9%, XFTHE R4 & 15.9%~47.5%,
FHEaH . SRR FAEEG,  ROR Aok b R A R 4.0%~20.7%F1 7.6%~74.8%,
FEAL PR JE AR R BN A H AR 205 J13 W& . EE 22 MR E & TR 6 5. UKk S
WFERE 3. 6. 9d, H/AMVKIRFLHE, TRETHEG ok M EA R SR REDRAER, BRI
SRR E RS 15.4%~37.4%, X TFIRE S 22 K BRH.

m I oI m I
120 - #56"5 Luohan 6 #5222 Luohan 22

1001 T CK
|-|_I I H+i AaBb AbAb F_’AiaB'a

A3 5 R 2L Days after treatment (d)
ANFIR 5 52 R 7R 6] — P I JA A — AR B N AN[RI A 7 RN R 22 53 B3 s A [E)/IN'S BRI () — W0 I 380 ) — b7 K /INAS [ A 3 ) 22 5 Bt 2
(P<0.05) . F[.
Different capital letters indicate significant differences in seed sizes under the same treatment in the same measuring period; different lowercase
letters indicate significant differences under different treatments under the same seed size in the same measuring period (P < 0.05). The same below.

1 #FRNNENERERIESIHIFAT
Fig.1 Effects of seed size on root activity of wheat seedlings
222 MHERASEGR - BR2WH, §  BEEMTRAAKEN, ERIEIRSY 2 &S,
XA, TRAELDZHER RRMIMAR HERREARSN, Ko iy KRR 7 [ SR R S5
RER. WA RARBARDBHII B F IR MNEFRBEREZACT B 2 A dh F i OR R

R FRIE 7
Root activity [pg/(g-h)]

3 6 9 3 6 9
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Fz2 MFRNIFNEHERFFENIID
Table 2 Effect of seed size on root traits of wheat seedling
¥ekE kb TR %5 6 5 Luohan 6 75 22 Luohan 22
Index Treatment Days (d) 1 il 1T 1 1 I
KK T 4 335.6+42Ab  208.3+9.4Bb 1524+13.6Cb  289.5+20.4Ab  190.8+12.7Bb  128.0+16.4Cb
Total root length (cm) 8 4542+163Ab 347.0+212Bb  201.7+5.7Cb  417.6£13.0Ab 299.6+22.6Bb  212.6+5.7Ca
CK 4 5574+8.4Aa  406.9+4.9Ba 3142+12.6Ca  457.5£26.4Aa 3703+15.1Ba  257.5£6.0Ca
8 7594+15.0Aa 573.8+47.0Ba  392.8+11.0Ca 558.8+23.7Aa 462.2+18.5Ba  291.5+47.3Ca
SRR T 4 273+1.6Ab  17.7+0.8Bb 13.840.2Cb  28.6+2.3Ab  16.7£0.6Bb  10.2+1.3Cb
Total root surface 8 402+1.1Ab  34.4+3.3Bb 204+03Cb  39.9+4.1Aa  28.6£3.0Ba  21.1+1.0Ca
area (cm’) CK 4 40.8+2.3Aa  30.1+0.9Ba 244+2.6Ca  339+0.6Aa  28.0+0.7Ba  20.7+1.7Ca
8 56.045.1Aa  45.0+4.2Ba 302+1.8Ca  47.8+3.1Aa  35.7+44Ba  23.345.1Ca
MR T 4 0.32+0.03Aa  0.30£0.03Aa 0.28+0.01Aa  0.28+0.02Aa  0.29+0.02Aa  0.25+0.02Aa
Root diameter (mm) 8 0.33+0.00Aa  0.30+0.01Ba 0.27+0.01Ca  0.33£0.02Aa  0.28+0.01Ba  0.32+0.02Aa
CK 4 0.25+0.01Ab  0.23£0.01Ab 0.23+0.01Ab  0.26£0.00Aa  0.26£0.01Aa  0.23+0.01Ba
8 0.23+0.02Ab  0.25+0.01Ab 0.23+0.00Ab  0.26+0.01Ab  0.26+0.01Aa  0.23+0.01Bb
SR T 4 0.18+0.03Aa  0.13£0.02Ab 0.130.03Aa  0.20£0.03Aa  0.14+0.03Aa  0.07+0.01Bb
Total root volume (cm’*) 8 0.29+0.00Ab  0.25+0.01Ba 0.16£0.01Ca  0.33+0.03Aa  0.20+£0.02Ba  0.17+£0.02Ba
CK 4 0.24+0.02Aa  0.17+0.01Ba 0.15£0.03Ba  0.20+0.02Aa  0.15£0.02Ba  0.15£0.02Ba
8 0.36+0.02Aa  0.28+0.03Ba 0.19£0.02Ca  0.32£0.03Aa  0.23£0.03Ba  0.15+0.03Ca
JHRIH Total root tips T 4 460.3+44.1Ab  385.7+8.7ABb  318.3+50.7Ba  445.0+77.5Ab 292.7+38.0Bb 230.3+30.2Bb
8  1076.0+9.4Ab  703.3+163.6Ba  473.0+137.3Ba 1009.0+20.2Ab  592.3+215.5Ba 349.7+36.7Bb
CK 4 919.7438.6Aa 7283+26.6Ba  431.3+53.1Ca 725.3+56.6Aa 611.7426.2Aa 460.3£58.0Ba
8  1562.7+87.2Aa 978.0+88.8Ba  766.3+110.6Ba 1471.0+84.1Aa  950.3+155.3Ba 674.0+21.7Ca
FRA R T 4 909.3+71.3Ab  564.7+652Bb  402.0£136.1Ba  656.3£32.2Ab  467.3+73.7Bb 399.0+55.1Ba
Number of root branches 8  1849.3+49.8Aa 1151.3£90.4Bb  510.3+43.7Cb 1388.3+128.4Ab 1172.7+105.8Aa 659.7+115.6Ba
CK 4 1469.0£126.9A21010.3+7.6Ba 606.3+62.5Ca 1150.0+122.5Aa 805.0£66.6Ba 490.7+57.2Ca
8

2639.0+525.2Aa 1915.0+316.1ABa 1154.7+64.4Ba

1835.0£37.5Aa 1485.7+247.2Aa 829.3+110.8Ba

2.3 MFRNEREBNEFIERF M

HI P 2 AT BAE HY, 5O AR A A2

300
250
200
150
100

50

SOD i
SOD activity [U/(g'min)]
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A
MDA content (umol/g)

AH 5 KL Days after treatment (d)

2 MFRIIHNELGEMF SOD. CAT 5EMF MDA & EMFI
Fig.2 Effects of seed size on SOD, CAT activities and MDA contents in wheat seedling leaves

SOD. CAT 3y EFb, {H M RN 5 & oFp A 2
H5EE XK HAKMTMEE, KKFF2hihm
SOD iHPEXTHE NI& 5 6 SAEATR)E 3. 6 1 9d 4
R AR E 11.0% 60.7%F1 21.1%, i T5 Fi%
522 ) B E IR 81.1%. 99.2%. 63.0%; A
Ky SFATF RGN S S E B CAT i 15 R
FIRE, S A MDA SRR, RRA TS
AINKERRFAIEE, 401 SOD A CAT w4 K# 4 6
BERIN, 4H MDA & EBRIETEE 6 54
5 9d. %% 22 4¥ )5 3 d BEBFKIML LR
EAAY . BEBH ORI M T 242 = 41 SOD Al CAT
W, PUISRESI5R, PR MDA &, BRI
FALFERE, HI&F 22 SOD i 1 4R B i B K T1%
65, HApRMFRHRRIFARE.

24 MFRNFTHESEBATIREEIF
HE 3 A5, SxTRAAEE, F5E T 24

mI
#5265 Luohan 6

200 -
150 +
100 +

50+

é\
SS content (mmol/g)

600
500
400 [
300 -
200 -
100 -

Prof &
Pro content (png/g)

A FP SRR RN TSI T SS SR FRK, {H Pro &
FrE. H/ARRFAIE, TR RS 6
FORKLF T A A SS & & i B E I R 38.0%~
58.0%F1 37.9%~53.2%, W5 22 /5B ERE
27.7%~34.0%A1 30.7%~71.1%. S/NKifhFHEE,

HORLFT T 4T SS H R TNIES 6 S G
3d FIEE 22 AP )5 9 d RN B E S . BIK
3LV LUE H, &R 6 SHI4IT Pro R 2 & T
£22. S5/KFFAHEL, KRR 1E T 5 A6 R
AEHE RV R 6 541 Pro & &4 B BRAK 13.8%~
49.9%1 30.3%~49.9%, &5 22 4 5 i 3 PR
30.9%~53.5%H1 40.4%~73.6%. S/NRiF-FAILE,

HORLFR T4 7 Pro & RIEF 6 S IEKA R, 2%
B2 FRTFAME 3. 6d X FAHE 6d %
WA 31.0% 31.2%F1 64.4% . 18] KR FP 14>
P4 SS i, BEMK Pro i, HIRE 221
o | Il

#5422 Luohan 22

A3 J5 K EL Days after treatment (d)
B3 MFRDITDELHENF SS 0 Pro S =MD

Fig.3 Effects of seed sizes on SS and Pro contents in wheat seedling leaves
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kL AT BRI P Pro & B ITEH .
2.5 FMFRNINEER LIRS E AR AR

®3ERERY, F oA F R RLAR ]
ANTE b5 B BB R BN LS L R B AE2E
5t AFEFEARE PR REO T 0.13~5.27, AR
AR R RN, Pro ST EPIR REUR A, U
Pl 17 % DL S A B AR 2R A o P 0 S A 1)
Wi 52 2 E AN [R] o KRR 7B/ INRL R 5275 PR &
B K, U B AN 22 PR B AR AR PR i
Hox, HPRERKIREREEREK, S/
Ty AL, KRA T8 R 6 5K R 22 70l
64.8%A1 113.0%. LL4h, &5 6 TR HE.
AR, R EE PR RE %5 22 B Pro &
. RARE . RFHR AR RE W51 5
REGE R, WIEIITE 20% L b %5 22 ZREHE
RBORRLA o ANVEER T 50 52 i 18.7% A
17.7%, Hi%5F 6 5ZE57 AU,

&3 MFXRINEHELEAMLEE
MEBZFRNEEMERBNF N

Table 3  Effects of seed size on drought resistance coefficient

and comprehensive drought resistance coefficient
in wheat during the germination and seedling stages

5 6 5 Luohan 6 75 22 Luohan 22

FE ¥R Index
1 11 1T I 11 1T

R 32 Germination rate 0.63 0.60 0.75 0.67 0.51 0.54
K %3 Germination energy 037 0.34 0.58 0.65 0.53 0.60

HR 2% 77 Root activity 125 1.18 120 145 143 1.12
MARKE Total root length ~ 0.60  0.57 0.50 0.71 0.60 0.65
ey H

‘T“Ofaﬁiiﬁi/urfacearea 0.74 0.68 0.63 0.88 0.61 0.78
R E.1% Root diameter 0.33 030 027 031 0.28 0.30
JSARAAEF Total root volume 025 021 0.15 0.28 0.18 0.13
LB Total root tips 0.63 0.66 0.66 0.66 0.58 0.51
.

f\j&uﬁﬁﬁﬁootbrmhes 0.67 0.59 052 0.69 0.72 0.80
SOD %14 SOD activity 0.69 0.83 0.73 0.79 0.58 0.69
CAT 3 CAT activity 040 044 055 046 041 0.52
MDA % & MDA content 131 148 130 146 1.46 144
SS % & SS content 044 038 044 0.52 052 0.61
Pro & & Pro content 320 277 297 527 4.07 3.88
LREPIREREL

Comprehensive drought 11.51 11.02 11.24 14.80 12.47 12.57

resistance coefficient

3 ¥hg
3.1 MFARNITNERFEHFRER EEKD
A1)

Toft - RE AR S AR P AR AR 3 1 R

W, HRASXF PR RAEKE MY HEAEK
FEAE RISl AR SR I, R EFRRI T
K> KR > /KL, R SRR BRI R > /R >
KHLo Ji] 57 SRS SR B, Rl 1~ PR I 7%
W%, higERKIE, RRKIE, XMRHARELE
BRI ARG E SR, ERKRE T N R
Ko B, RABREY & TN T, A
FLUO0VR I, KRR T F T VEY A & A 1 AR
RREMEYER R, RIELEEME, WEED
TEAEE G BRI K 2 FFR 5 R RE FT . AR
FORI, ORI HORL AT ] R EFF BRI AR . AR
A AR RREAR A5, B,
HRRF TR I, AT KR S0 b 0 R
SRS IPNGIF AT S G SIS L N A
PR T P70 R SGE R R AR . MK
ek BN PR IR, (T R E R A
TR WAKEMNYWEME, NEPHAEKER
H AR B e it
3.2 MFRPDIFNEGEEBEFENZI
ETRWE T, WY 5 s b A i S
PE 2R s AR AT, DUORSP IS 55 ) R0 D R 1
SEREERI22, MDA 7 & ok S B s i o i 44k
RIS EE e br, HEEES, SWHHALRN
TRIF e g, ARG R, TR e
SRR R AN F ) MDA & &0 B 3n, R T
ANEFEE R BRI A b . T8 F KRR 4 i
B A1) SOD A1 CAT 351, MDA & 81K,
FI B IR B A N U I S RE T, AT ORI
e, FEFNEKKE, B TR TK
522 ) SOD iEEIEmIREH B K TIE R 6 5,
YRR IGE R E RS S . I RE A
AR VFMAE P E M EZE S50, wl e T
PRI (T, T 2 RR 40 i R e DL R (i bR 4 Ak Y
T EE A AR, TR S A A 0 5 e
T s Bl R AR AR N A ) B IE R
TR, — RS, YT RS FEUHRR R,
RIS R R, TR T, KRF 54
B SS S EHET . KR, HFEKT Pro
L, R TRERIBEHTTRES), 5 22 1
LR T B INRLRP T AR T 408 Pro & &=,
R R B R ST . IR 22 41 A SOD
TETEAR Pro & EILE, WRREHEKE 65
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IR RIE T 7 SFEP2 MM EZE 16 2R, H
RS T — PR, HENBIEA i —
AT
3.3 #FRADINETRMERIF N

P EMIET B FRR S . A
R ), RIRERHEVRARNEZEANS, X
MR A oo, EREEPOI R, Kk
M BA RN PURE, EkNTERY B SOD.
CAT A1 POD & 1438 5% . Lebrija-Trejos 5P 7%
KW, KRR T w B AR ALK W52
REJ1. EIDEERH R, KR AT E A HE
P RARS, RIWHE RN T 22k, X
e 28 WU T KN SEY LR A G, HE
BV A MR K /N F BE SR G AN /D 22 P 51 1 ot
Fo AHTE S BT AN [F AP RN B R SRR PEFIAR 3R %)
A BREE SRR I, 5/AMVRR AL, KR
PP R IR RECH W B, HAE
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Effects of Seed Sizes on Seed Germination, Seedling
Characteristics and Drought Resistance of Dryland Wheat

Huang Ming', Fu Xinxin', Zhang Zhenwang'?, Zhang Jun', Li Youjun'

("College of Agriculture, Henan University of Science and Technology, Luoyang 471023, Henan,China;

2College of Agronomy and Biotechnology, China Agricultural University, Beijing 100083, China)
Abstract In order to investigate the effects of seed sizes on seed germination, seedling root traits and leaf
physiological characteristics and drought resistance of wheat, a hydroponic experiment was conducted. Large
grain (> 6-mesh sieve, particle size > 3.35 mm), medium grain (6-8-mesh sieve, particle size 2.36-3.35 mm) and
small grain (< 8-mesh sieve, grain size < 2.36mm) of Luohan 6 and Luohan 22 were selected and used as
materials. Two water levels of 20% PEG-6000 simulated drought for T treatment and normal water supply for
CK were conducted under hydroponic condition. The characteristics of seed germination, and the root
characteristics, antioxidant enzyme system and osmotic regulation substances in seedlings at 3, 6, and 9 days
after treatments were determined. The results showed that the germination potential and germination rate of large
seeds were significantly increased by 7.2% and 12.4% for Luohan 22 under T treatment, and 42.0% and 36.7%
for Luohan 6 under CK, but there was no significant advantage in medium seeds compared with small seeds.
Compared with small seeds, the root activity of large seeds of Luohan 6 under drought and control all increased
at three and six days after treatment, but there was no significant difference in Luohan 22. With the increase of
seed size, the root length, root surface area, root volume, the number of root tips and branches increased
significantly; and the activities of superoxide dismutase (SOD) and catalase (CAT) and the content of soluble
sugar (SS) in seedling leaves showed an increasing trend, while the content of malondialdehyde (MDA) and free
proline (Pro), showed a decreasing trend. Compared with small seeds, the SOD activity of large seeds under T
treatment was significantly increased, the CAT activity under CK and the content of SS under T treatment was
increased in Luohan 6, and the MDA and Pro contents of Luohan 22 under CK were all decreased; Compared
with medium and small seeds, the comprehensive drought resistance coefficients of the two wheat varieties were
all increased. Overall, large seeds have major advantages in terms of germination, seedling roots, and stress
resistance; however, the impacts differed based on drought stress, variety, and measurement indexes. Screening
and planting large-size seeds is beneficial for improving the germination of dryland wheat seeds and the indexes
of seedling development.

Key words Wheat; Seed size; Seedling; Root; Physiological characteristic; Drought resistance
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