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HAEML ), BB TR A RIRE &R 1550
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d 2B 144%, ERTEE,; 1742 d 2N
9.07%, TET I mE R, ) 100 d © R
it 71.75% (Kl 1b), 625 CHKRB b, 2ih—
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2.2 PEBEIRFE LMt P R W R e R
Al

PERIR R SR T BRSO T, 25%CRU

1 50%CRU &b B 22 5 CK AH L TG i 35 22 =
(F2), XUt 50% MAEHET (L1180 keg/hm® Ky
BfE, TR KRRk 25 b A i A
R SRR, BN, 75%CRU A1 1009%CRU
B P R 5 CK AL BEAR e 43 0 3 AR 17.29%
H136.08%. 11k 4k B 50%CRU+S, 50%CRU+B Fll
50%CRU+SB H! 1 % 5 50%CRU #{ b 22 % A i &,
H It CK B&4I%.

R2 ARELETHHER, HERIHERAE

. R Hif (em) MLk i (mg/dm®)
AR (%) 5d 10d 15d 5d 10d

CK 85.78 = 0.05a 5.160.54bc  7.08+0.51c 9.91 + 1.05b 2.89+031la  3.76+0.09ab

25%CRU 83.76 = 0.02ab 5.14+040bc  7.38+0.10bc  10.74+0.57h 2.87+0.66a  4.11+0.40a

50%CRU 79.81 + 0.03abc 551+0.10ab  7.49+035hc 1256 +0.78a 31420352  4.24%0.19a
75%CRU 68.49 + 0.03d 4.59 +0.54¢ 7.20+0.17¢ 9.77 + 0.85b 2.73+0.08a  3.49+0.35hc

100%CRU 49.70 + 0.05¢ 3.83+0.32d 5.78 +0.18d 6.15 0.05¢ 2.73+0.12a  3.26+0.25¢
50%CRU+S 7525 +0.01c 5.97 +0.73a 743+0.54be  12.75 £0.86a 3.05+0.15a  3.80%0.32ab
50%CRU+B 78.23 + 0.04hc 6.010.27a 8.11+0.7lab  12.70 £ 1.62a 3.09+0.30a  3.98+0.23ab
50%CRU+ SB 79.88 + 0.04abc 6.06 + 0.05a 8.55 +0.57a 12.55 +0.95a 3.07+024a  3.97+0.21ab

e RPFEIVEIE G /NG R R R A 22 AR B 3 (P<0.05 ), Fl.

%5d, 5 CKAH I, 25%CRU #150% CRU )
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PR R A5 B D 7.18% F113.30%, AAkit
P 50%CRU+S. 50%CRU+B 1 50%CRU+SB 5
509%CRU #H LA B 3 U2 i e A4 22 B (10
d B, 50%CRU+SB Hi Lt 50%CRU K ), 5 CK 4

FRE— e B 3 s
2.3 PR IR 2 it FH X R R R AR

My b BB R I AR R AL, R
3% & W, 25%CRU. 50%CRU. 75%CRU &b i
Fdh BT E S CK A /5 5 2 5 T 46.44% |
73.22% . 30.39%, i 1009%CRU 4k Bf () #b |35 T
HHCKAMHLES AR, 5 CKAMHL, 25%CRU,
50%CRU. 75%CRU. 100%CRU &b B (7] 75 52 5
BB T8 3 25 5% B 100%CRU %455 J [ CK
BRI 13.77% A, HARTt B R SFRE S CK AH

R3 TELMETHREERR

i o EHTE (mg) FESLHE NS iEpd BFE (%)
CK 11.65+£0.71d 0.12 £ 0.02b 0.21 £0.02b 92.75 +0.03a
25%CRU 17.06 + 1.40be 0.15 £ 0.07ab 0.30£0.11b 91.12+0.01a
50%CRU 20.18 + 1.24ab 0.13 £0.0lab 0.28 + 0.04b 90.16 + 0.06a

75%CRU 15.19 £ 3.50¢ 0.16 + 0.04ab 0.25 £ 0.02b 86.37 + 0.06ab
100%CRU 11.63 +1.39d 0.19 £ 0.02ab 0.23 £ 0.03b 79.98 £ 0.01b
50%CRU+S 20.48 + 1.69a 0.16 + 0.02ab 0.27 £0.07b 90.10 £ 0.03a
50%CRU+B 2031+ 13la 0.13 £ 0.05ab 0.28 £ 0.13b 89.76 + 0.08a

50%CRU+BS 20.04 + 0.99ab 0.20 £ 0.02a 0.47 £ 0.08a 87.58 £ 0.03ab
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b TG i 25 22 5. Ak Ak B 50%CRU+S. 509%CRU+
B F1 509%CRU+SB 5 509%CRU 4bBH A 3R+ H2
R EZES, B CK M B FH R T 72.02% ~
75.79% . 50%CRU+S. 50%CRU+B #l 50%CRU+SB
55 509%CRU &b 3 (% 78 52 B 2 o] JC & 2 22 5, 1M
50%CRU+SB 1) 75 55 J 1 CK W & 42 3 T 66.67%.
55 CK fi150%CRU A L, 1 1k &b ¥ 50%CRU+SB
A o B 1 B0y B = T 123.81% Fil 67.86%, 50%
CRU+S f1 50%CRU+B 5 CK #1 50%CRU {3
T FEES . 3 ML LR SR E S CK AT 50%
CRU ML TC B 25 57 .

R 4 R, BEEBIREMH RIS,
T AR R0 D1 S o, #E 50%CRU R
R E R RME, 50%CRU AL B MR+ AR R 16 5
5 CK A I 43 5] W 3 32 & T 21.23% F1 52.25%,
25%CRU Kb B A AR T AIAR R 16 /15 CK A0 %
H R F2ER, 75%CRU Fl 100%CRU Ab B FH T 5
55 CK A 43 91 58 25 0/ 16.52% F11 38.75%, 75%
CRUAH R ARG S CKAH L L 25, i
100%CRU Kb MR R ik (BRAR ) Toik IR HUE %
PIARIAE . A AL BRI B B P 245 B PR R i
(XG5 CK AHE, 25%CRU Ab P i 33
i 27.62%, 50%CRU Ab ¥ UG 8 3% 2% 5%, 75%CRU
F1 1009%CRU b P43 51| 5 2k /N 18.10% F1 43.05% .
oAk Ab B 509%CRU+S . 50%CRU+B F1 50%CRU+SB

AR R AR RS 15 50%CRU A4k HAH HE
PR FzES: MR TEEFEET CK, RKMR
A5 CK MR AR .

R4 ERRIEMEAREHEAAMRRELZNE

e T iiSi &R

(mg) (em) [mg/ (g-h)]
CK 7.02 +0.62cd 5.25 +£0.05b 1.11 £ 0.09bc
25%CRU 7.69 + 0.44bhc 6.70 £ 0.82a 1.30 + 0.04ab

50%CRU 8.51 + 1.04ab 4.76 £ 0.11bc 1.69 £ 0.39a

75%CRU 5.86 +1.03d 4.30+0.16¢ 0.80 + 0.16¢

100%CRU 4.30 + 0.36e 2.99 +0.13d NA

50%CRU+S 8.78 + 1.07ab 4.74 + 0.09bc 1.33 + 0.08ab
50%CRU+B 8.42 +0.11ab 4.78 + 0.47he 1.39 £ 0.21ab
50%CRU+SB 9.39£0.42a 4.96 + 0.54hc 1.48 £ 0.25ab

H: NA 5403 100%CRU MR Rt /D, Tek b7 & 36 7 p i,
o
2.4 FEBEIRZE i X B e AR
AAbFHT 759%CRU 1 1009%CRU AbFEE 1 H33E5 7K
i, AN, 10 120 d B 75%CRU Fl 1009%CRU #Y
R E T 227 mSm, &2 CKW2 ~ 3f%, HERLE
Z (#5), X1 75%CRU 1 1009%CRU &b 3 ¢ 2 4
RUKMR TR SRS, ARITRM ALK, e R
50%CRU+S., 509%CRU+B Fi1 509%CRU+SB Fifi i} 6] it #E75 ,
HLFRAE 10d Ja5E FIsstads,

x5 EERZEZEMERESEAXNEE LS KEMBSENZM

£t Ab 1d 4d 7d 10d 13d
K CK 35.07 + 0.07a 26.13 + 0.05a 26.70 + 0.04cd 28.47 = 0.04ahc 31.30 £ 0.02a
(%) 25%CRU 34.67 +0.03a 20.83 + 0.03ab 27.93 + 0.04be 29.07 £ 0.06ab 26.43 £ 0.02b
50%CRU 31.07 + 0.03ab 22.17 +0.02ab 33.83+0.01a 25.20 + 0.02abc 23.80 +0.01b
75%CRU 23.93 +0.05h 21.30 + 0.04ab 21.77 +0.03d 22.13 + 0.04abc 24.13 +0.02b
100%CRU 27.03 +0.02ab 16.97 £0.02b 2533 +0.01cd 20.93 + 0.06¢ 23.97 +0.02b
509%CRU+S 31.97 +0.02ab 21.77 + 0.04ab 33.13 = 0.04ab 25.20 = 0.02abe 34.63 £ 0.03a
50%CRU+ B 28.20 + 0.05ab 23.57 +0.05ab 32.77 +0.03ab 26.90 = 0.03abc 33.07 £ 0.04a
509%CRU+SB 29.70 + 0.05ab 22.87 +0.02ab 34.27£0.01a 31.83 £0.03a 31.13 £ 0.04a
HSR CK 159.33 + 32.62b 147.33 + 1.53d 118.33 + 10.02h 111.00  6.56¢ 96.67 + 1.53d
(mS/m) 25%CRU 181.33 +9.29ab 151.33 £9.24cd 116.67 + 4.62h 142.33 + 6.66¢ 131.00 + 6.56¢
50%CRU 199.67 £19.43ab  175.00 + 14.00bcd 142.33 £ 17.79b 210.33 = 11.85b 160.33 + 10.02c
75%CRU 205.00 + 27.40a 184.00 + 10.39hc 14733+ 17.10b 227.00 = 33.42b 228.67 +30.29b
100%CRU 19233+ 14.57ab  241.00 +26.23a 193.67 + 33.13a 337.33+38.81a 309.67 +7.09a
509%CRU+S 180.33 + 7.37ab 165.33 + 22.55bed 132.00 + 17.35b 21033 + 11.85h 151.67 £ 7.64¢

50%CRU+ B
50%CRU+SB

178.33 + 34.12ab
173.00 + 7.00ah

197.33 +4.04b
147.33 +1.53d

150.67 + 19.86b
144.33 + 12.50b

211.67 +£23.01b
217.67 + 16.50b

153.00 + 18.33¢
149.37 +23.12¢
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mE 2 B, 5510 f5E 15 d T ERIR &R
ALFRAR R 25 T CK ARFR (2f 10 d 25%CRU B4k ),
HBf5 PR OR 2 01 2 H 3 S Ak T 2T
E R, 7RSS 10 FIZE 15 d 1009%CRU &b B 114 4
SEGEHRES T HMARE, 10 dr}, itk
50%CRU+S 1 509%CRU+SB (1) 135 £ 25 5 e BE i 2
& T 50%CRU 4k #, 50%CRU+B 5 50%CRU 4k #f
M TC . E 225, 15 d i) 3 A feib S 50%CRU
AEBEA L TC B 2. A, TR R R R AL

600 -

B15 d By RS ARE LSS 10d 5, XULHE
A AR B 3= A T — e LR
2.5 PERER 2 B Mot FH O R T I A S AT MDA
Ep=Al0|

W2 6 IR, 25%CRU F1 509%CRU Kb H () SOD 1%
P F CK, 75%CRU F1 1009%CRU 4k B 1) SOD 1% ¥
WET CKo X UL BEIR & CRU $R LB A S
HEIF (41 25% F 50% Bt ) A B TR
SOD %1%, [z, 2xF#%SoD ihtt. BEFHEBIRE
TGN, CAT TGS SR, 5 CKAH

CORCRU DRl mrRues He, 25%CRU Fl 50%CRU B34S 32.21% ~ 40.26%,
ol TSWACRUSB mSOGCRUGSB 75%CRU 5 HAHL, 1M 100%CRU & 3 [F#AI% 29.23%.
] 75 Kb BB R R POD I 1R 22 S A WL IR AL
_ = B 50%CRU+S, 50%CRU+B Fll 50%CRU+SB [
2 o ) 0 SOD. CAT Fil POD {5 55 50%CRU Afl 1L 76 2. 3%
lfi b FE S E5o
2 300y g <H 100%CRU 4b#EIT - MDA 5 b2 7.04nmollg, 35
% — —H T AL, T AL HE R T A R R, XU
2001 = W7z = 100%CRU Jifi 5 i K= AE M m s SR/ (K2) i
178 TRH AT B A KRR B (R LR B S0%CRUS |
100} § a % u 50%CRU+B Fl 50%CRU+SB i) MAD % & 5 50%
IN7E . - CRU 1 CK #pBcA BE2ES . HIL, 7 ERHEREIR
oL =N = ] F AR 25%CRU I 50%CRU jifi 4 1 3494 Fl TRl
Y e PR A e T R B
B2 HERF 108 15d BHLIHNRSEIRE
RO ERREEMEARE SR G EM S B MDA BHN
Sl SOD (Ulg) CAT [U/ (g * min) ] POD [U/ (g * min) | MDA ( nmol/g)
CK 5.80+0.27b 22.85+1.16b 2016.00 + 288.25a 1.89 +0.19b
25%CRU 7.74 +0.83a 30.21 = 1.95a 2955.42 + 346.32a 1.99 +0.51b
50%CRU 7.32+0091a 32.05+2.03a 2912.19 +374.19a 2.06 + 0.44b
75%CRU 4.48 +0.36¢ 21.36 £ 1.57b 2232.93 +189.12a 2.77 + 0.69h
100%CRU 4.03 +0.55¢ 16.17 £ 0.99¢ 2015.36 +212.56a 7.04+131a
50%CRU+S 7.69 +0.52a 30.75 + 1.33a 2557.14 + 342.62a 2.18 +0.24h
50%CRU+ B 7.63 +0.95a 29.59 + 1.47a 2735.69 + 401.83a 2.16 +0.58h
50%CRU+SB 6.87 + 0.69ab 30.65 + 1.56a 2659.75 £ 215.63a 2.15+091b
3 it L OFRYOE. RBUEEL BT T CK Bl CK

3.1 PR PR Z B it F R 2R T s )

e 2 R A K R 7 B R AT
7% 4% W ¥ B IR 2 45 4% 388 ~ 775 g (25%CRU Hl
50%CRU ) 5K FERh-FAERE Ml R, HoH B3

FL A7 2 - FSE R [ P e SR 25 A 2 i b
FHXTRE AR BRRR M RS2, D B4 800 T 1000 ¢
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Effects of contact application of controlled-release urea for rice seedling raising and optimized methods on seedling
growth

LI Jin-tao', HU Yang', LI Xuan', DING Zi-juan', YANG Shuo', NIE Xi-hin', HUANG Fei', HOU Jun'", CAO Bing™*
(1. College of Agriculture, Yangtze University, Engineering Research Center of Ecology and Agricultural Use of Wet
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land Ministry of Education, Jingzhou Hubei 434025; 2. Institute of Plant Nutrition and Resource, Beijing Academy
of Agricultural and Forestry Science, Beijing 100097; 3. Beijing Engineering Technology Research Center for Slow/
Controlled-Release Fertilizer, Beijing 100097 )

Abstract: The seedling-box total fertilization technology is a simple and efficient controlled-release urea ( CRU ) fertilization
technology, which is one-time application of CRU near rice seeds during the rice seedling raising, and the fertilizer is
attached to the rice root system and brought into the paddy field when transplanting. In order to study the effects of different
application rates and raising seedlings methods of CRU on rice seedling growth, the local conventional nitrogen application
rates ( 180 kg/hm®, 1550 g CRU was used per seedling tray ) was used as the benchmark, five CRU rates ( CK, 25%
CRU, 50% CRU, 75% CRU and 100% CRU ) were set up in this study, for the 50% CRU treatment, three including
seedling ways were studied, including boxing-tanzhuang (in Chinese ) seedling trays ( 50%CRU+B ), the soil-fertilizer-
seeds filling methods ( 50%CRU +S), and the combined seedling ways of B and S ( 50%CRU +BS ). The results showed
that CRU fertilization rates by coexistence placement should not exceed 745 g per seedling tray. The seedling quality of
50%CRU treatment was the best, while 75%CRU and 100%CRU treatments had different inhibitory effects on seedling
growth. Compared with conventional seedling raising (CK ), 50% CRU had similar emergence rate, uniformity, seedling
strengthening index and plumpness, but significantly increased the root dry weight, shoot dry weight and root activity by
52.25%, 73.22% and 21.23%, respectively. With the increase of the amount of controlled-release urea, the water content
of seedling soil decreased, and the NH,"-N and electrical conductivity of soil increased. Compared with CK, the adverse
growth environment caused by 75% CRU and 100% CRU increased MDA of seedling by 46.6% ~ 272.0%, and decreased
SOD and CAT content by 22.8% ~ 30.5% and 6.5% ~ 29.2%, respectively. The three optimized seedling raising methods
can improve the seedling height and seedling strengthening index, but had no significant effect on other seedling growth
indicators. In conclusion, the seedling growth was the best when CRU was used as 745 g per seedling tray ( about 90
kg/hm®) as contact-application way. The optimized seedling raising method promoted the seedling strengthening index and
seedling height, but had no significant effect on other growth indexes of seedlings.

Key words: controlled release urea; contact-application; rice; seedling quality; ammonium nitrogen; antioxidant enzymes
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