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JEAETRRL A A FRA R AE ) ik J5 3k 45 iy
12 % 1 By i # B8 P 2 (International Humic Sub
stances Society, IHSS) (http://www. ihss. gatech.
edu/ soilhafa, huml) & AGUIRRE 2609 i 759 .
VLA B 259 50 1) 38 R (Cucumis sativus L. © 3
RER A BAR 1B R RBE R XA, 4> BIFE 2%
(w/ VWA RGNV W 1230 15 min JH 3, FHZEEK
¥R T A,
1.2 ik
L2.1 REiit X5k 6 M. DIZRK AR
SF AR CK; .75 mmol » L7 NO, ™ 25 CK,, .75 mmol » L}
NO;,” +25 mg » L' PHA(T,),75 mmol » L!
NO;” +50 mg « L' PHA(T,).75 mmol » L7}
NO;,”+100 mg « L' PHA(T;).75 mmol « L7}
NO, ™ +150 mg « L'PHA(T,), NO, ik N5
PP RNRREL : ANEREN=1:0.5: 0.5,
L2.2 RAEAPHE WET 2015 4 3—4 AR
M K2 2B 5 TR 2E Bk R 3E 5 T 3%
BEsL = P ibAT, e RN AL B 4 B E AT AP R
P8 h, 5K ©9 cm WIFFHRILAH 2 204K, 4371

P 5 ml B AL SRR IR AR T R . R F B
B MLIEAR BB 20 R AL B R PP, 35 5%
._F LR, B bk Ay ER . AL ER 5 A HESRIN,
BE 3R, HATEE A CSE D CHRFMF
(R XM TRE. ERARFRGHE 1.2,
SKHTF T RIFAE. 64 R#FETERENEH
AT E I E . & ZF AT ], 4 5K 4 2 L A
RO 2 L AE R B AL, DAORFFIRAOTIE

1.3 TEE

1.3.1 gk CHAOR EETE RS> T2
£ PHA £ 706 & 43 #7 % B Elementar Analysen-
systeme GmbH J& & 4 7 {X (& 5. varioMICRO
V1. 5.4, CHNS Mode, Ser. No. ; 15072029 ) # 7.
PHA 5318 R 47 HE B 63k 2, R B
Wigs Sk Wyatt DAWN HELEOS- TG4 5 E) R &
Kl #% & Wyatt Optilab (¥ 555 ; f41% 4 : Sho-
dex SB-806M, Shodex SB-G £ ¥4 ; @1 & . i 3h
A 0.1 mol « L™ kR S HAV MR s AEIR D 45 C il
A 0.5 mlL » min !,

F1 SGUBEBSFE.LREEJETFHLHIR E4/E6
Table 1 Molecular weight,elemental composition,atomic ratios and E4/E6 ratios of purified leonardite humic acid
STFE JLE & Elemental content/ % JEF 4 Atomic ratios E4/B5
Molecular weight/ (g « mol—1) C H O S KA C+ N H: N O:C
PHA 3. 547 X104 47,180 3. 285 44,199 1. 265 3.571 0. 500 37.30 2.60 0.94 4.02

1.3.2 BNF TR ZFR KRR A K EHN 2

BEHERGY%) =N/SX100, Kb N & ZEF
FH, S AR T80 IRl K AR+ B 20 B R
B REBURK KT 0.5 cm BII0E; 4 3 &6 &
REHLER 10 BL & ZEFD TAR TR O FED .
1.3.3 AEMERMNE BREBRENESS
AR B s T B (MDA & Bl 2 2 %
CAKMAK "W ik s EH RS B E S
% BRADFORD*™ )k
L3.4 EEEMEMNE BRIEERSE RN ESS
FITT DI E s o JEXY TS 715:%5 GUGLIELMINETTI
SR I R 5 M U M S 7R Y vk
5B 5 ALY B AL RS (SOD) 15 14 % Fl PROCHAZKO-
VA %P kg s 1 F AL Y g (POD) it AL S
(CAD) ¥ 25 % CAKMAK %09 i J5 300 52 , BT 3R
M BRI E ALY A (APX) 76 1 B2 NAKANO 47 i
FEWE. D EEA RS EENE 3 K, BEEY
BRI 22 01 T B i
L4 ¥dEath

R FH Excel 2003 #4577 S48 4 BEFAE B, R

F DPS 7. 55 #4434 4748 31 5397 » R Al Duncan % i#
127 B EHRL (e=0.05).,
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FHL A T 92 T 20 4 52 1)

HI B 1A AT LA, 52818 /K AL BB % BB (CKD)
HE, NO, ™ Jipil (CK.) B E AR T R Bl K
15 RRFREFR, HBREBER KRR
BELL AR 1 B W, PHA BMAE(T,~TO &
EZE NO,” a2 MafMERRBAEER
PHA ¥ J5, B0 5 T NO,~ Bl Xt B F 4%
B ER A 1K E 8] CK MKF, H
L PHA BH0 100 mg « L' (T B B &
. PHA A ‘BE 1575, T T, T, f &3
REEF CK KT, T, T, B ERMHT NO,~
Folt 98 i, B T, AbBEEA B B MBI SUR

M &l 1B v] %0, 5 2818 7K % i (CK D) A B NO,
FifriE (CRe ) 2 A 5 P 4 B A BB U 2R S & 1,
PHA BB G , g B T % tb NO, ~ 38 sl
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Fig. 1 Effects of PHA on cucumber seed germination rate and seedling electrolyte leakage under NOj stress
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Table 2 Effects of PHA on cucumber radical,lateral root, hypocotyls and seedling growth under NQ; ~ stress
. Jrem FEAR A MR R TR TR SR
Radicle length Lateral oot length Lateral root Hypocotyl length  Hypocotyl diameter Seedling fresh weight/
Varieties Treatments
/em /em number /em /em (g (LOBO—D
CK1 0.64+0.01a 1.9140. 16a 5.37+0.68a 5.2140. 21a 0. 16340. 003b 1. 3040.07a
CKz 0. 2540. 05¢ 0.5140. 02d 1.4740. 21c 1.4740. 16d 0.17440. 005a 0. 7940. 09b
CE R Ty 0. 46+0. 06b 0. 81+0. 16c 2. 60+0. 20b 2.3540. 71c 0. 17340. 002a 1. 2540. 09a
¢ Xintai Mici® T 0.54+0. 12ab 1. 0240. 12bc 2. 70+0. 60b 2.79740. 64bc 0. 17740. 003a 1. 2640. 21a
Ts 0. 58+0. 03ab 1. 2340. 21b 3.07+0.38b 3.1640.53b 0. 17440. 002a 1. 3840. 15a
Ty 0. 5340. 05ab 1.13740. 08b 2. 20710. 36bc 3.4140. 53b 0.16540. 003b 1.4240. 16a
CK1 1.64740.12a 2.04740. 23a 7.6710.40a 3.59740. 47¢ 0.17940. 006c 2. 04740. 06bc
CKz 1. 03=40. 09bc 1. 5440. 10ab 4.73+0.47d 3. 5840. 49¢ 0. 18040. 012¢ 1.9340. 11c
‘15’ T 1. 08=40. 08bc 1. 8940. 20a 5.73+0.55¢ 4.4740. 12a 0. 18540. 001be 2. 2740. 08ab
¢Jinyou No. 17 T2 1.1240. 06bc 1. 587+0. 38ab 6. 9740. 15ab 3.8440. 37bc 0. 19440. 006ab 2.05740. 07hc
Ts 1. 2140. 04b 2.0740. 33a 7.03+0. 75ab 4.20+0. 12ab 0. 20340. 002a 2.3540. 35a
Ty 0.9340. 14¢ 1.06+0. 32b 6. 4040. 70bc 4. 0540. 06ahc 0. 183740. 005be 1. 9140. 0lc

i FFIRRFFRRE R B (P<0.05),

Note: Different letters in the same column mean significant difference at 0. 05 level.
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Fig. 2 Effects of PHA on cucumber seed ac-amylase activity and dehydrogenase activity under NOj stress
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Effects of Purified Humic Acid on Cucumber Germination and Physiological and
Biochemical Characteristics Under NO,~ Stress

GU Duanyin' ,GAQ Junjie' ,JIAQO Juan' , WANG Xiufeng®?
(1. Tuian Academy of Agricultural Sciences, Tai’an,Shandong 27100052, College of Horticulture Science and Engineering, Shandong
Agricultural University, Tai'an, Shandong 271018;3. State Key Laboratory of Crop Biology, Tai'an,Shandong 271018)

Abstract:In order to explore the effects of PHA on cucumber seed germination and physiological and biochemical
characteristics under NO; ™ (75 mmol « L™!) stress, ‘Xintai Mici’ and ‘Jinyou No. 1’ cucumber seeds were used
as experimental cultivars, treated with different PHA concentration (0,25,50,100,150 mg » L™'). The results
showed that seed germination, radicle length, lateral root length, lateral root number, hypocotyl length and
diameter,and seedling fresh weight were decreased under NO,~ stress. The above indices of adding PHA
treatments were increased obviously and showed that PHA could partly alleviate NO, ™ stress. The seedling
electrolyte leakage rate and seed cotyledon q-amylase activity were decreased but radicle dehydrogenase activity
was increased under nitrate stress. MDA and soluble protein content,SOD, POD, CAT activity were increased.
After adding PHA, the seedling electrolyte leakage rate was significantly reduced, but with the increasing
concentration of PHA the decreases difference became smaller. Cotyledon o - amylase activity and radicle
dehydrogenase activity were increased and showed downward trend when added high PHA concentration. Radicle
and hypocotyl MDA content decreased when treated with PHA but increased with high PHA concentration.
Soluble protein content were increased but decreased with high PHA concentration, SOD, POD, CAT activity
showed a downward trend treated with PHA compared with NO; ™ stress. Cucumber seed under NO, ™ stress was
alleviated by adding PHA so that cucumber seedling growth became normal. The physiological and biochemical
indices during cucumber seeds germination under NO, ~ stress and PHA treatments showed difference in different
varieties and different organs. 100 mg « L™' PHA treatment showed the best effects.

Keywords: PHA;NO, ~ stress;cucumber;seed germination;antioxidant enzyme activities



