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Abstract; Using pak-choi(Brassica campestris L. ssp. Chinensis L. )as material,a pot experiment was conducted to study
the effect of different biogas residue organic-inorganic fertilizations on the growth and quality of pak-choi. The results
showed that fertilization promoted the growth of pak-choi and the yields of pak-choi increased by 20.9% — 69. 0%
compared with control. The yields of pak-choi were the highest in the treatment of organic-inorganic fertilizations blended
by pig manure biogas residue and were 352. 28 g/pot and 349. 33 g/ pot respectively,followed by the treatments of organic
-inorganic fertilizations blended by straw biogas residue. The treatments of biogas residues and commercial organic
fertilizations were better than the treatments of inorganic fertilization and organic-inorganic fertilizations blended by
biogas residues in reducing the nitrate content and increasing the contents of reduced VC and water-soluble sugar in pak
-choi, and the treatments of organic-inorganic fertilizations blended by biogas residues were better than inorganic
fertilization treatment. Compared with inorganic fertilization treatment, the treatments of organic-inorganic fertilizations
blended by biogas residues reduced the nitrate contents of pak-choi by 7. 8% —56. 7% ,increased the water soluble sugar
contents by 13. 1% —23. 6% ,and increased the reduced VC contents by 18. 0% —38.2%.

Keywords : biogas residue;organic-inorganic fertilization; pak-choi;nitrate;reduced VC;chlorophyll;water soluble sugar
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TR AR A BR 2 T A HEAT KR 38 40 38, YR D B
A2£DC/WBLEDC, HRIREEL R 25 000 1x,
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Table 1 Effect of exogenous nitric oxide on germination

characteristic of tomato seed under low temperature stress

e T SNP R SNP
Treatment No. Treatment temperature/ C concentration/ (mmol « 1-1)
CK2 28+1 0
CK 18+1 0
To. 05 18+1 0. 05
To. 10 18+1 0.10
To. 50 18+1 0. 50
TL. 00 18+1 1. 00
TL. 50 18+1 1. 50

2 SN NO SHERBME T
T4 ERKE RN R

Effect of exogenous nitric oxide on

Table 2

growth of tomato seedling under low temperature stress

A ¥ IR BE SNP ¥ B Ay S AL ]
Pkt s o . .
Treatment temperature/ 'C SNP concentration Light and
Treatment No. .
HX Day &M Night /(mmol « L1) light cycle
CK2 26+1 15+1 0
CK 12+1 8+1 0 ot R BE 24
S0. 1 12+1 8+1 0.1 & 25 000 lx,
0.5 12+1 8+1 0.5 D ]
SLO 12+1 8+1 1.0 12 h
SL.5 12+1 8+1 1.5

1.3 HHWE
L3.1 MFERFEFEENE TAEEERNELRFE
PLIIL RS AL R 8 it R R TR KR
BTG N8 SRR RS SEREWE HE k.
RHFEH(GE, %) =81 5 d REFFMF EE/ KT 5
B<100% 5 BZER(GP, %) =8 d WA ZEF T 5/ R 56
Fh T HB0<100%6 s & ZE45 80 (GD = 2 Gt/Dt, Gt #87E t Bt
(BN & 2R 50, Dt 38 R ZE KRB, Wi R TE 118 B(GVD =
2IGt/DeX G P E () o
L3.2 fRE-ZEMEREGEE.TEANE T4
550 KRG 9 REALHEBEDLIME 3 BEH , W BCE1E, &
BB R B0 F AR R RO 250, B RO B 4h i
TR B B4 3 MKk, d=0. 001 g A HLF R e e 8
80°CHER 24 h J/MlE TH.
1.3.3 WEWHMMWE KA TTCEMmE. A=
FFEPYEME (TTO I R J5 A AL R E W R, AT R
RARTE I HTERR. FAFRMEE 0.3.6.9 R4 HEBURAE
W IRCTE BRFRAL 0. 5 g, 78 TTC I AR 2% vh I IR &
W, 37 CARIR 2.5 h, BRER 1L I, 2R Z B R B, kb
& IR IETRE I SR R R &, TR RE .
L4 ARG

SR F Excel #1 SPSS 16. 0 3 {4 i 17 %5 478 Ak 22 F1 43
M » I3 9% Duncan’s FEMR ZEHIT L H LK,
2 HRESW
2.1 MR NO SHER T FAmFhF & 2Rt s m

T & ERIETEME B B BN 2 IEH & FF
B A TR0 A R R EF R ALE R H I IER
REMFE LR TR E R, BRI TR H
BRMEEST BT Tr ; R IR B RR 716 I 1R
by B 5FF RIS R IE A G 16 e B TE T &%
MBI RZEE R E R, U T i A K 3.
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BEETF CK,HHETF CK2, ERHH RGN
R B B H CK 13.48%,15.59% . 36. 48 %, EL ik Ky
TO. 10, PEHA & 0. 05~0. 10 mmol/L {J SNP & &2 T
TR T8 &, LL 0.05 mmol/L ) SNP % 5 & F.
T1. 00 #1 T1. 50 ) & ZF 3 K ZF$ B 2R L K% 7
TR T CK, U6 B & e B 1) SNP #0461 T a6 #1119
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Table 3 Effect of exogenous nitric oxide on germination

characteristic of tomato seed under low temperature stress

e KR RS R P L3
Germination Germination Germination  Vitality index
Treatment i
percentage/ % energy/ % index /g

CK 86. 00b 59. 33bc 28. 09bcd 24. 04cd
TO. 05 97. 33a 67.33b 32.47b 32.81b
To. 10 92.67a 64. 67b 30. 29bc 28. 15bc
TO. 50 92.67a 44. 67d 25. 19cde 21. 33d
T1. 00 85. 33b 49. 33cd 23. 74de 18. 67de
T1. 50 78.00c 37.33d 20. 23e 12. 67¢
CK2 95. 33a 92.67a 53.78a 58. 30a

:FPRE/NE FERRER K SN BEKE, TR,
Note: Different lowercase letters in the same column show significant difference at

5% ,the same below.
2.2 AN NO XM RIR A T 2 A4l bk 2R A A
R

MR 4 FAE, 5% R CK2 #H L, A% 5 b 38 40 22
T CK AhBR A2 7 4l A ) A2 R B A it . 7RI
AL S 9 K, CK 4b P2 A R ZOM #8825 T
CK2,fH CK PRy F 805 CK2 B 22 5 Y B
IR AT A e A AR T B AR R T A 40
LU Stk 0t

F 4 HME NO IHMERE T 25 Al 40 B Mk

B EHEEM AR

Table 4 Effect of exogenous nitric oxide on plant height,stem

diameter and number of leaves in tomato seedling under low temperature stress

IR e =H e
Treatment Plant height/cm Stem diameter/ cm Number of leaves
CK 15.47¢ 0. 33¢ 4.78b
S0. 1 16. 06abc 0. 35abc 5. 00ab
S0. 5 16. 67abc 0. 36abc 5.17ab
SL.o 17. 20ab 0. 37ab 5.67a
SL. 5 15. 90bc 0. 32bc 4. 89ab
CK2 17.47a 0. 38a 5. 56ab

TERIR G 244 F L 38 2 S it A 7] e B 9 SNP /5
5 CK fHH.,90.1.S0. 5 #1 SL. 0 3 M I HEFM T
PR 15 2R A B i i B A BT HE N, R [R) VR BE 1) SNP
WIS FEMGEERBNEMEEZES, FESMTE
B, LA SL. 0 AbBRCR BT, Mk v SRR i 48 B
F CK, KBS NO i 3 Mb#5 CK TR EZER ., I
Ah, 3 4 052H,90. 1,S0. 5 1 S1. 0 3 MAEFE T K Aish

HM RS CK2 TR & 25, i 250k 0. 1~
1. 0 mmol/ Lf) SNP ZhBEA 3 Zeff T % il % 7 7 4l v A=
KA SIE R TR R BEIRIR T F A4 i i A, L
1. 0 mmol/L ) SNP &b BSR4 .
2.3 AN NO X8 T il 4 i 8 L T EAY
2

M5 AR RIRAIE 9 d J5 , &AL B T
YA prs . BT 3 5 hn o T (A 2R
AbPJE CK T8 H 0 35 R T F IR AL B CK2, Ui B iR
JE T B R 4 v A W B T AN B R AR (H R AR B K
AE 1 I T R A8 5l 4l v BRI 38 2% 1
THEMLNE Y BHIRR,

FEAR IR 38 5510 F Bt fin SNP i) 4 b3 T8
fef R F CK, BN SL 0>80. 5>>80. 1>S1.5,/H& H
203, A SL O Ml CK A B3 2 5%, U8 1.0 mmol/L
i) SNP b2 i 2 42 T RIR A T H/ A E i £ R
R,

x5 AEWRE NOIMEEMET
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Table 5 Effect of exogenous nitric oxide on fresh weight and

dry weight in tomato seedling under low temperature stress

Ak 3 WREHE SHRTE
Treatment 3 plant fresh weight/g 3 plant dry weight/g

CK 10. 33b 0. 93¢

S0. 1 10. 90ab 1. Olabc
0.5 11. 80ab 1. 06abc
SL.O 12. 32a 1. 14a

SL.5 10. 58ab 0. 97be
CK2 12. 25a 1. 10ab

2.4 AN NO XM E T 2 A4 AR & 3% 0 R
P& 1 ATLAE IR AL B 26500 4 i AR 2R T
B HARARAR /N s AR IR A 36 5 2% b B ) 28530 &0 5 Y
WARTE A BT R B ERT CK2, I H R bl
& T30 A ] FR) S, A AL BRI AR R I ) B RS T R
Ho BRI T REREAR TR, 7ELALBS 9 X, CK,
S0. 1,80. 5,S1. 0,S1. 5 435 F & 42. 1% .34. 5% .26. 8% .
29. 3%%.35. 26 , TEAIRIR A T #9254 B H, SO. 5 4bBEAE
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Fig.1 Effect of exogenous nitric oxide on root activity in
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tomato seedling under low temperature stress
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Effect of Exogenous Nitric Oxide on Tomato Seed Germination and
Growth of Tomato Seedling

YU Xiuzhen"? ,ZHANG Cai-hong'? ,JJIANG Lu-yan'? , Tuerxun-nayi * REYIMUJIANG"? ,MA Yan® ,MA Cai-wen'**
(1. Research Institute of Agricultural Mechanization, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091 ;2. Research Center
for Facility Agricultural Engineering and Equipment Engineering Technology , Urumqi, Xinjiang 830091 ;3. Agricultural Engineering Company,
Xinjiang Academy of Agricultural Sciences, Urumqi, Xinjiang 830091)

Abstract: Taking the processing tomato cultivar ‘Ouyaduo’ as material, different exogenous sodium nitroprussid (0. 05,
0.10,0.50, 1. 00, 1. 50 mmol/L) on tomato seed under low temperature (18 &= 1)°C and different exogenous sodium
nitroprussid(0. 1,0. 5,1. 0,1. 5 mmol/L)on growth of tomato seedling under low temperature (1241)°C/(8+1)°C were
used in this experiment,to study the effects of exogenous NO on tomato seed germination and growth of tomato seedling.
The results showed that SNP of 0.05 and 0. 10 mmol/L could increase tomato seed”’s germination rate, germination
energy,germination index and activity index,the optimum concentration was 0. 05 mmol/L SNP of 0. 10—1. 00 mmol/L
differently alleviated the restrain of height,thickness,number of leaves,fresh and dry weight and root activity on growth
of tomato seedling, the optimum concentration of SNP for root activity was 0.50 mmol/L, other indexes were
1. 00 mmol/L.

Keywords : tomato; nitric oxide;low temperature stress;seed germination;growth of seedling
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