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K, BREGRPIEZ . VER B TRy Pl -if A0 72
i R B KRB o ek B AR AT I R VI
EFERREBMEA, ISR EIKERER WG O
IKFELE N IR M1 A AU 480 B DR B
PETT A 07 b = A 1 e A S SR A A T 4
SERIREIRD2), i AU TR B, B R P 2 1
hn, BEAYEALEE (SOD) Flid AL EE (POD)
TEPERG I A A TR B, v R R R 2 PR
T SOD Al POD %4 .

AW 78 1 AR T FEHOKFEAE “ WA BT 7 sk
HHEBEATHER, BB ER . o-teb B PUE L
B PRI A4, SR FE KRG s P 00 1 AR B S it
Hp MRS,

1 #R5RE

1.1 RI Mk 50 w4t

AT 2021-2022 F7E BB VT )\ — A BOR 52
X @& HAT . ZHR AR KRR R AR X,
SRR E 4911 kl/em?, FRFEKEZ) 427 mm, &
4K & 1635 mm, F-3 HIEI 0L 2726 h, TofE A
166 d, fE¥SF 4.2 °C, EZFFHSIE 23.2°C, K
EAK R B I HYAIE 10°ClL L.

B KRBy “BAE 8 57 o R AR
JOREHE I GG R0k 62.5 g/L, WIS &
25g/L, FiHHERGE 375 gL, BIFMAH, ik
AR IEEY IR A R A A E) o R K
T B FAE AN B A A = B A
1.2 Rt

AR R R e eyt &2 Mk
B (G: THFF, Y: ZFFD 3 ANMEMEAKT (B
200 g/#%, Ba: 250 g/#%, Bs: 300 g/4%) , L6 A
MCFRLH A, AR 4 4%, HAAFRAAWE 1,

#z1 LEEEAEFR

Table 1 Processing combinations

LAyt A AbF ot
Type of seeding Seeding rate Treatment Transplanting leaf age

G B GB 20 M

B2 GB:

B; GB;
Y B YB; 2.0 Ak

B: YB,

B; YB;

FhrEAKEHT 48 h (& 10 kg A 118

62.5 g/L BIFAAT 30~40 mL, HI/KFEEESE 100~
200 mL. RAEH RSz tb bl e ke, B3
WM mBER TR, AEET. B, Y
PR T AR AT, 30 °CIEIREF 72 h, M1
FYE R 22 I PR ATIER 30 °CHEZE 24 h, 439l
F 2021, 2022 4 4 A 25-26 H#kAT#&M; G Y
PRTHERN 24 h, DMBIEG (PR MY CGEFD
HOH S T B 2 R R R R ORI 30 °ClR
EHREEFREE G, BEIMNAEKS 2.0~2.3 1,
SUTR] A HE 8 B ) A = B
1.3 MEMBSHE
1.3.1 ¥ F KRR S RBETION 30 °ClE R
FRFEN OLEHEE 80%) , BUMHFITHFRLN 1, B
SCEPE BT A AR, HEM TR, 83
WEE . HER (%) =HEEuAr <1000,
132 m@EF GG 30 °ClER
FFAN 720 5, BEERRMPETAEK, 80%i4
B 2.0 AR, BB A RITAR RS (G sRik 3|
SERITE R 13 NARRE) W EUKRE R R, 3
3WELR. WHER (%) =R EUF-Hoe<1oo0e,
133 A&#EM BAATAE P FENLEE 30 #Rfk
B E AR RS MR, ZEIETE. B HE
PEL B M EEERIR K BN EBEALIEEL 100
PRBR I St e e, M EEER . M BT E AR
FEOT, 3 REH.
134 JEILKRGE  BRET, KB L
T, BUK PR R IR AL, HHCTRRE, &R 10
R, 3 REH.
1.3.5 oa-kBedE T 2022 FIEERER A, 7
B LML 2.0 BT, A € S T
-80 °CHMILIR VKAERAE, RHIL R Z K ERHA R
A T BRI AR AR SO E o- VE A B S 1, 3 IRE
52, HAaR G U0 B AT R Al 5 BT AL PR B AR
TEL IR
1.3.6 HAMNEEEFE T 2022 FFEIFEATHI N
R, FRRE E 5 T80 CCHRIR UKAR IR A7, K
FHAE 3 23 E R A R A =1 42 A 1 A= A7) &
5E SOD. POD. %A R (CAT) W& 1%
(MDA) &, 3RESR, HArE ety
FARERAE 0 B0 S U AT
1.4 HIELIE

KA DPS 7.05 A AT B Sk 500, R
A Microsoft Excel 2003 # i £ #s 5 #H/E % .
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2 FER5SSH

21 “WREFE” MKBHER., REEREZ%

BEMNEN

NS BT S P @ A e e SN e ) Y 4
22l AR ZERNEEST Y 5
Ko 2021 £ G BAE Y #EA 5K 13.78%-
2.86%- 23.87%, 2022 FE K 7.56% 3.31%-
28.23%. {EFEFHEFEZRF, 2 FMHTER. KR
By Wb BRI T By AL Lk B R R A RE R E
FrE, 2 R BI>By>Bs Fia#, e ZE R
IR B B R E K. ZRR BAEY R B3 ik
BE KT

B 2 WAL, 1 2 SRR ik, 1
S RAKEE R AR (=069, -039) ,
HAHGMEAN R 2022 FHEH R SMAKHER DR
FHIEAHR (=0.76%) ; HifE Z 5 HAhARR 5 2 1EAH
K, MIMEAEZE: MILIREE SEREME MY H
T FE bRs R IEAE G .
22 "WeREFH MKEMERRNEE

&3 W, GHRAKEGEEIREEST Y
B, 2SR5 BN 7.95%81 14.61%; HREHE R+,
2 P 2 R AR E . IRKSbad, 2021 4F 2
B ZERARE, 2022 F G HRRAEEST Y #
3, WM 4.96%; G HZERETE 2 FE T Y Bk,
2022 2 A B R K5 G R — i HLjR] R
BT Y B, BT ERBR 2022 4 G
TTES Y BT, e, W FERTEY
BEABHREE ST G, HoHRERAAEEHRE
=, WMEN, tREREE BRI, 2 455

B B, O B, B B;
2021 2022

F=5.718" - *
aA F=117.649

100

)

Seedling emergence rate (%)
W
S

100 - F=5.029" F=32.287"

90t pB o aA AABB A aA A aA pA

L

Seedling formation rate (%)
W
S

100 F=35.174" F=212.571""

EAFRE & (mg/ki)
Endosperm residue (mg/seed)

ANF/ING F RO B ) 2 S ik B 3E KT (P<0.05) « AFRKE
FRERRAC R 22 RIER R E KT (P<0.01) o “77 F“"7 4y
W FR PR R () AR IS B E R R 2R

Different lowercase letters indicate a significant difference among
treatments (P < 0.05). Different capital letters indicate extremely
significant difference among treatments (P < 0.01). “*” and “*™”
indicate significant or extremely significant differences between the
two factors, respectively.

Bl BRI EREFEMERKEE R
RiEF B EN —EAREERN
Fig.1 Interaction effects of seeding treatment and seeding
amount on seedling rate and endosperm residue of rice

®2 KIEEME. mERLEIZEENEX DN

Table 2 Correlation analysis of rice seeding rate, seedling rate and endosperm residue

0y TR REL b HHR R RS
Year Coefficient of correlation Seeding rate Rate of emergence Rate of seedling formation Endosperm residue
2021 MR 1.00
HHR 0.23 1.00
D AiES 0.59 0.50 1.00
JFLIR B -0.69 0.41 0.04 1.00
2022 AR 1.00
HHER 0.13 1.00
DES 0.47 0.42 1.00
R L5k B & -0.39 0.76" 0.45 1.00

“7 ROR 5% EEKF. TIE
“*” means significant level of 5%. The same below.

TR R BB R T EE S, RECh B

ARRE 2 SEH T Bo M By AR B AR R A A b B
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] 2 FEFARZE,; ZERTHEERMENTE,
2 LR Bi>By>Bs i, 2022 HEANHL A 7 F ik
TR AT E Y G P Sl ) EN A EE F b B |
TCHH B 2021 i FTE 2 Bs>B>B E@#H;

2022 1 T H B R AR KT e 2B
Fo 2021 FEE MM B R T E T RER BAREEK
WK, 2022 R R AR bs  ER AR
AT E ¥ G

®3 TRIBMLEMBMHE KBRS R RHNFE

Table 3  Effects of different seeding treatments and seeding rate on seedling quality of rice

P R TS S O . L ot el
Year  Treatment h ‘Plant Leaf age Number  Root length S.t em base Flr‘St lug 100 plant 100 plant
eight (cm) of roots (cm) width (mm) spacing (cm) dry weight (g) dry weight (g)
2021 G 15.34aA 1.94bB 6.62aA 5.57aA 1.42aA 0.35bB 1.73bB 1.58bB
Y 14.21bA 2.16aA 7.22aA 5.93aA 1.38aA 1.75aA 2.66aA 1.80aA
Fa 8.276™ 23.937" 2.940 1.520 0.240 60.736™ 2028.255™ 84.021™
Bi 14.68aA 2.18aA 7.07aA 5.89aA 1.52aA 1.46aA 2.17bA 1.66bB
B: 15.10aA 1.98bB 6.80aA 5.79aA 1.40aA 0.89bA 2.18bA 1.50cC
B; 14.54aA 1.99bB 6.90aA 5.57aA 1.28aA 0.81bA 2.24aA 1.90aA
Fg 0.740 8.636™ 0.200 0.420 2.160 5.161" 4.745" 97.522™
Faxs 3.110 3.980 0.250 0.280 0.190 0.240 25.141™ 57.578"
2022 G 11.53aA 2.04aA 7.17aA 8.46aA 0.71aA 0.54bB 1.36bB 1.39aA
Y 10.06bB 2.02bB 6.89aA 8.06bA 0.54bB 0.71aA 1.39aA 1.38aA
Fa 1.900 1.530 2.270 5.780™ 19.850™ 19.850™ 0.082 0.010
B 10.34bB 2.02bB 9.70aA 7.07aA 1.62aA 0.57bB 1.57aA 1.48aA
B: 10.75bAB  2.04aA 8.15bB 7.14aA 1.53bA 0.74aA 1.22¢C 1.39bB
B; 11.29aA 2.03aAB  6.92cC 6.88aA 1.38¢cB 0.56bB 1.34bB 1.28¢cC
Fs 0.267 0.415 0.702 93.781™ 8.525™ 8.525™ 3.257 0.589
Faxs 36.153™ 10.382™ 10.304™ 4.460™ 4797 4797 163.057" 79.436™

€T TR 1% K RISEEEEA RN S FRER R A 2 0k 5% E K AFRS FRER R AL ) 22 70K 1%8 K. R,

@ *x 9

indicates significant level of 1%. Different lowercase letters in the same column of data indicate a significant difference of 5% among

treatments; Different capital letters indicate a significant difference of 1% among treatments. The same below.

“WeBEm” KFEEEAEE RN
HER 4 A, GBS oK v M 70 1 i
L1 L 2.0 R R ST Y B, el
AN 84.42%- 9.35%- 16.66%, SCAFHAN Y i B
EZmT G, HAKREFF L G AE AR
o 2 PR R o- V8 K B VR 2 R OR TR BB
o ANFEREFPE S BRI L T RE E R A
T R o- VE R BTG MR 2R =B,
F4 TEBMLEMEMNE

Tk FEE Ao E M BRI AU S2 N

Table 4 Effects of different seeding treatments and seeding
rate on a-amylase activity in rice seedling stage U/g

23

JEIFJE, 2.1 MR E SRR R TS 2 TR
Forb Boy B Ab B o- by B S M Bl S T AR K
B A S, T B ALEE 2 e T E E PR R34 .
BRALEFHASN, H ARSI R BAE S IE R B
Ko

H2 5w, KA w I i AL B VE T G B
KIWRE T Y B2, 2703800 25.13%. 4.30%-
3.15%, HAFEFEFER, 5 Hra B e e

£S5 TRBHLIBFABIHEST KRG
AN R S L EESE M A BN

Table 5 Effects of different seeding treatments and
seeding rate on antioxidant oxidase activities

i SLEHY L1 2.0
Qb B ;
Thoracotomy Standing 1.1 leaf 2.1 leaf
Treatment . S .

period injection period  stage stage
G 4.50aA 3.32bA 1.87aA 1.55aA
Y 2.44bB 3.55aA 1.71bB 1.22bB
Fa 1426.340™ 5.730" 30.796™ 816.458™
Bi 2.66cC 2.90cB 1.78aA 1.46aA
B> 3.27bB 3.19bB 1.82aA 1.39bB
B; 4.47aA 4.22aA 1.75aA 1.30cC
Fg 382.900" 68.190™ 1.829 64.859™
Faxs 120.640™ 0.044 432.260™ 1070.168™

in rice leaves at seedling stage Ulg
4b ¥ Treatment SOD POD CAT
G 70.34aA 22 027.10aA 45.79aA
Y 56.21bB 21173.11bB 44.39bB
Fa 4622.110 23.610™ 11.160™
B 69.45aA 24 064.06aA 47.02aA
B: 63.63bB 21 028.39bB 46.82aA
Bs 56.75¢C 19 707.87¢C 41.42bB
Fs 1246.970™ 215.370™ 76.910™
Faxs 79.670™ 216.420" 0.110
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FERMERN T = 2B T EaS, RaEMES
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31 “WREEH" FAWKE

AR, AR IR B AW 2, i
WA ESIRE RN A EVIMKE, i EmR
WHRAE FEESR, KB ERE R 8L, Hk
BEMEZE, G T Is A DA RIS T R R
ST ITIO20R B, JKFERET ISR S TR E
by o R A T R S A 35 B 7 o R ) 3G K
D, BAF IR =AY B R, MAKIE.
ZORRERIT IR, WM EL SR, PR
559, AFIT/KAERAA G R T 50 BE. 20 SRR
FRY, FEERMERIGIN, BREtkE. B,
ZEILTE . M BT R MR DR
IR ECES . AR W G EEATTK
AR SO R AR & AT Y B
NIRRT 7 BERLE | RAFHHEAl . FEME R
JRbR AT, GBS T Y #2022 R E R
TR BB 2 K 5 AEAR AR 57 R BR IA] R AH
HGHEAS Y EAZEZRZAEZE Yt - +H
A — - E A BRI 2 2 = T G B, T Bk
TR B R bR AE 2 B U B ) 1) 22 G 4 Tk
— AR SRR RIS SR, BRR T K RERR
W, XA RAHE . ALK AR
FNZERLTE A JE D R (0 T = BT R s, (A B
5B A ER/NT B 5 B3 0[], L&A WA
SRR E DL 200~250 g/ BN E, ENE—DHE
ZHIERIIDUEGAE . M2, “XRFR” G AN
R RKEE. WARBEEY ST Y #H:, BAT
BREER, B TE I BREFERKBECE K
AP, RN ATk ANZ A G KA, ATk
Bk KRG M AT R SE R
32 “WeEH” BRI H-EREEETARE

HEERIRZ MR

TERD T RO ARE R, Foh P Ve b T e A0 I e
KRR, NEDISh RS R A KR B iRt
LY B Re B ORYERY, ERFCIN R, WA
RGOS T HERS,  o-VE M BTG 1 2R PRI .
T 7K A8 8 P 2855 20T ou- 2 A9 I8t 9 118 52 Wi A S A 7 R
A, KRS T NP FORBUESF, X G

I oV B PEAE RG], 1.1 mH3bl 2.1 30l
B T Y B S Y B E ST G
P, HOKRER 7 LBt R BEE I I RIT, 2 Rl
N o-VEb B VX B TR . A&
AR ST R B R T R a- SR
WER 2B W T Y, A REITE, 2.1 MR
HikMENTH 2 NEES . Hh B M1 B A H
) o T oy Bl i 1 B 2 BT DA 2R K 2 BT R
% T By AP R SET R PGS

39085 P 18 AR A AR P R P 3 R ) SR A
T A I 20, A A A A ST B T
SRR K R GE 58 L PUARALREIE i T AU
A RGHRRA, B AL B 18 AN 22 TR P i B
Yok N IS YRS, ARSIV AT, M fE
T G387 25 1260 ASHIT FUSR W KRG B 30 i LA
Bn vk G B T Y B, M A U AL i
PERIREE A RN T i 220 R Y, RS2
T VAR B, UG v 2 1 5 /KR e I T 855
HIUIT, I Hh 5D O KRS 2R KO 1Y

AN
4 ZEig

X GRS R T KRB E I R K
B RN &, BRAC 7 KRS 5 — - HoJE]
PE. M R M Ha-TER B CEERI. 1.1 R,
2.1 D AT A GBS R B T Y B
TEREAEE RSP, 2 FERH TR R E By By
T B ALEE; EFLAR R E R R R, R
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TR ST o- T S M X 2 IR T
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Wang Zijie', Gao Xuedong', Huang Chengliang', Cui Shize?, Yang Xiaohe'
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Agricultural University / Key Laboratory of Crop Germplasm Improvement and Cultivation in Cold Region,
Heilongjiang Education Department, Daging 163319, Heilongjiang, China; ®Institute of Crop Tillage and
Cultivation, Heilongjiang Academy of Agricultural Sciences, Harbin 150028, Heilongjiang, China)
Abstract
difficult in hiring labor and low production efficiency in rice production in cold areas. To clarify the effect of

“Double-exemption dense seedling” can effectively alleviate the problems of high production cost,

“double-exemption dense seedling” technology on seedling quality and seedling enzyme activity can provide
theoretical basis and technical support for cost-saving, efficiency increase and agricultural sustainable
development. In the experiment, Kenjing 8 was selected as the test variety, and six treatments were set up: two
seed types (G: dry seed, Y: bud seed) and three seeding rates (Bi: 200 g/plate, B2: 250 g/plate, Bs: 300 g/plate).
The effects of “double-exemption dense seedling” on rice emergence rate, seedling quality, o-amylase activity
and antioxidant enzyme activity were studied. The results showed that the “double-exemption” G mode improved
the emergence rate, seedling formation rate and endosperm residue of rice seedling. The emergence rate and
seedling formation rate of B, treatment were higher than those of B; treatment. The endosperm residue decreased
gradually with the increase of seeding rate. The number of roots treated with B; was higher than that treated with
B> and Bs;. With the increase of seeding rate, the stem base width showed a trend of B1 > B2 > B3 in two years,
and the activity of a-amylase in seed thorax breaking stage and needle standing stage gradually increased with
the increase of seeding rate. The activity of a-amylase in 2.1 leaf stage showed a trend of decrease with the
increase of seeding rate. The a-amylase activities of B> and Bs treatments showed a decreasing trend with the
growth of seedlings. The activity of antioxidant enzymes in leaves decreased gradually with the increase of
seeding rate.
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