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Effects of Suboptimum Temperature and Suboptimum PFD in a Short
Time on Enzymes Activities and Genes Expression Related to Nitrogen
Absorption of the Cucumber Plants

YAO Juan'?, LI Yan-su’, GUO Yun-na’, HE Chao-xing’, YAN Yan’, and YU Xian-chang®"

('College of Forestry, Shandong Agricultural University, Tai’an, Shandong 271018, China; “The Institute of Vegetables
and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Cucumber of ‘Zhongnong 106’ in fruiting period was used as material, after 7, 14 and 21
days treatment of different temperature and light intensity [the normal temperature and light intensity is
25/15 °C, (700+30) pmol - m™-s'; the suboptimum temperature and light intensity is 18/12 °C, (200 +
20) pmol - m?-s"; the low temperature and weak light is 12/8 ‘C; 75 - 100 umol - m?-s'], the growth,
physiological characteristics and nitrogen absorption of the cucumber were detected. The results showed
that, compared with the normal temperature and light intensity, under the suboptimum temperature and
light intensity and the low temperature and weak light, the height, leaf area, fruit size and yield of

cucumber were significantly decreased. The cucumber root activity, chlorophyll content, fruit quality and
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glutamine synthetase (GS), glutamate synthase (GOGAT), glutamate dehydrogenase (GDH) activity
were decreased with the temperature and light intensity decreasing. Under the suboptimum temperature
and light intensity condition, the N content of the cucumber during the fruiting period in the roots, leaves
and fruits were declined. The suboptimum temperature and light intensity and the low temperature and
weak light treatment reduced the expression of nitrogen transporters protein gene of the cucumber during
the fruiting period, and the expression of nitrogen transporters protein gene were suppressed by lower
temperature and light intensity. The results indicated that the suboptimum temperature and light intensity
may decrease N content by suppressing nitrogen transporters protein gene expression, and then inhibit the
growth of cucumber.

Key words: cucumber; suboptimum temperature and suboptimum PFD; the fruiting period; nitrogen;

yield

H i 5 FERL A b [ 167 &35 2T i 5 BBk Wi, el T8 = Inis R B 4%
X T B PR TR U, et Y K A AE WOl B QI IEW, B 15~ 18 C/ 10~ 12 C) A&
BOGHGRE (FIEYG, 200 ~ 300 pmol - m™- s7) B G EME, 2006). fLik& it A WiE
HHCA FENAK S EE, SRR, 2 T i 0 AR 8 —.

KF AR 596 R WARIER . 9906 IR B AR KA G sem, af N e T KER
TFTAE CRRE BRI E Y, 1999), (HZ R aAREmEE 51, 6 WS B i a4 1 35 A R 7 %
WS TR /b . HYGR S AR IR T OEIREEIE T3 IR R A KRG, MM N [F g
FH (AL 45, 2004). Wik B iG] e N RIS 18 84 8 I 4 — R A I A B AR AR AL,
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PG A PR A T B BN, FEPUN RORFIE AT (20 1, AR, U 10% (AR
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30) umol - m™- s eI, WA 16 h/8 h, AHXHERE 80%. SRJEHF 1/3 4l #e A\ 3E B e Ab B
TR, WS IR/ Mk 18 °C/12 °C, (200 + 20) pmol - m?- s, KAk 1/3 S
DMEIEIS A BN T %, W RDEI SR 225k 12 °C/8 °C, 75 ~ 100 ymol - m™- 5™, F4 1/3
A Ny 5
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12.1 AKZHIFHREIARGNZ

I 2L BN A R R I o R, AR BRIV, R SE . SEmasE, WEM K E
AL GRIEBG 1992) THEMRGEGE T 3, Gevh AL IECRIAR S o s s o 8 &

FIH S = 2R DY S0 (CTTCO ¥R e MR AR J, FH A S 0 s -4 28 2 B (AR ZEB 1992

LA SRR LLRY Sk R, B S G-250 Qv (ki R AR, 2003) I
RELTEMEOSE, BRI Ak ORE R, 2003) Wle LLnrwtem & &,

1.2.2 N &&= N ARMHAE KB % 1 6 m T

ML E L GBS, 1998) Mo AR . mHRIR N F i,

BRI A il (GS) FEHES LA (2008) FIJ7VENE, VLR MG 540 nm Ak WG 5 (K
FORBEE T, BEIRE N (GOGAT) 751EZ I Singh M1 Srivastava (2006) [¥J7vkMlE, BHEIR
Wil (GDH) 7#5PEH Loulakakis FI1 Roubelakis- angelakis (1990) [ /715N 5E o
123 NZ#Za6 %I RALE PCR

SRR AR . W RS 0.2 g MENAZUEA . RNA BARIRIUT 4% M Invitrogen A
w R AT .

M http: //www.tcdb.org/ F R FTE FIMEY) N s R A, £33 N B EANEER TG,
M PR R 41508 A Chttp: //www. icugi. org/) [ tblastn #AFHEAT LEXT, RN N B EHM
EST J¥41. H4E3R431% EST /¥ 417E NCBI b 5 HABRY) LLX 5, EdeMEm o, —3% 5 4&4E
ABR N i LR RS, 40)dr4 4 N1, N2, N3, N4 Fl Al.

SERF ¢ E & PCR (real-time quantitative RT-PCR): K /f] SYBR PrimeScriptTM RT-PCR Kit

(TaKaRa, HA) 5, #FJH MX3000P %7€ f& PCR X (Agilent Technologies Stratagene, %[E)
HEAT, KA 2 alpha tubulin, %¢)¢5E & PCR 541 TaKaRa /A 7 &% it. 9¢% % i PCR 7
5K NS5 a-F: 5-CACTACACCGTTGGAAAGGAAA-3'; WZi|Y) a-R: 5-CAAAAGG
AGGGAGCCGAGA-3'; NI-R: 5-ATCTGTGTCAACGGGCTACC-3"; N2-F: 5'-GCTCCGACGGTGTTTTG
TAT-3'; N2-R: 5-CCCGTTCACAAGCCCTATTA-3"; N3-F: 5-AACGGCTCTCAGTGGCTAAA-3';
N3-R: 5'-GCTCTTCACAACTGCAACCA-3'; N4-F: 5'-GTATCGGGTCGTTGTTTGCT-3'; N4-R: 5'-TC
ACTGTGAGAGGGCTTCCT-3'; Al-F: 5'-GTGTCCCATTGGTTCTGGTC-3'; Al-R: 5-GCCAATTCG
TGGACCTTCTA-3',

P58 1 Bubner A1 Baldwin (2004) [f] Ct (274 yEHH4L H (K FE D A ik &

K H DPS v7.05 i (Refine Information Tech. Co., LtD, HuH) BRAFX Edk 3E 47 8 2% 2= S G 56,
H Microsoft Office Excel 2003 iR(USA)K X Hidhs dh AT 1E & .

2 HiIR5 0

21 FEEAEERFHIE R HE/NE B RS20
2.1.1 AHTETREL LRI ERNAE KRG TS

UL S N1 JY it P2 PR AT A 85 R0 3 I AR K52 BB S A o E R R4 TR B 3 A I B G
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F1 EHTETRARGMERPEREKBTE
Table 1 Effects of suboptimum temperature and suboptimum PFD in a short time on growth of the
cucumber plants during the fruiting period

PREIICEL ot T A m? AR
Tt Ab 3 Cem-d™ Leaf area Leaf number
Treatment Increase of

plant height 0d 7d 14d 0d 7d 14d
1E%# Normal 1.50+0.24a 0.26+0.01a 031+0.01la 032+0.01a 12.88+1.56a 14.71+£098a 14.52+2.54a
WV3EH Suboptimum  0.66£0.12b 025+0.01b 0.28+0.01a 0.28+0.02b 1256 £2.01b 13.67+121b 13.48+1.73b
(K896 043+0.11 ¢ 0.21+0.01¢ 0.22+0.02b 0.20+0.01 ¢ 1242+1.29¢ 13.17+1.14¢ 13.11+£1.05¢

Low and weak

T RR L HAR LSRG B, WiEEECAER Y, RET9CH RK. EH¥Es. W
T B I 59 06 A0 B 1) 5L S B AR R R KR40 o 1.220 1.09 0.96 mm - d”'. AERE G4
PEASFER Sz FE AR S K A A A 34 R . IR SR EE, AP A PR P
& (&2,

2 WHPTERREFEERABEMR LI 6 S HE R0
Table 2 Effects of 14 days suboptimum temperature and suboptimum PFD in a short time on fruit and yield per plant of
the cucumber plants during the fruiting period

HEEAL R RIHEAT KR/ (mm-d ™D RS SETIHEE (em-d)  AFLR SR R
Treatment Fruit diameter growth on average Fruit length growth on average Yield per plant
1E % Normal 1.22+0.09a 1.54+0.06 a 194.12+7.89 a
WV3& B, Suboptimum 1.09+0.05b 1.13+0.04 b 118.15+4.17b
fIKit 356 Low and weak 0.96 +0.04 ¢ 1.07+0.04b 68.46 £ 1.87 ¢

212 4T E RIBALATERIFNRRE D FT R E LS TN

It S 5 R SRR T PR, AR RVE BB Ko Kb FE 14 d B, IEHEOGAAT TR ARG )
B, WIS EEEAEIRZ, RIS AR R AR, 35000 408, 225, 199 pg - gl M4
B EPEEDCSET RS . 3 MEBRAH4E2E ay b FISEHAE N 28 B BE IR 88 K i PR, AR
WER W 14 d B, EEEEAIE TS5 av b RIZEHIEY b 25w s T IS B iDL R
IS (£ 3).

*3 EHTEEEASFHES U XVERPENRATNAHEEERSENX N
Table 3  Effects of 14 days suboptimum temperature and suboptimum PFD on root activity and chloroplast pigments of
the cucumber plants during the fruiting period

e A W Ea R (mgogh)  WHEED AR (mgog) K REAR (mg- g

Treatment He g‘ . The content of chlorophyll a ~ The content of chlorophyllb  The content of carotenoids
Root activity

1E%% Normal 408 +8.03 a 24.50+2.01 a 556+0.48a 6.56+0.52a

WV3&EH Suboptimum 225+17.78 b 1630+ 1.72b 431+043b 483+0.42b

K596 Low and weak  199+37.44b 17.70 £ 1.48 b 4.48£0.55b 530+039b

22 FEHIEEHRCFHMERAENRROFME

IR 59 E M EAEA FIFEE_LFRAC T SRS KR . IERWDOGAE N S KR R, M Eil B
IR S A NS KR BUR. AP a) 3 Al v 8 A FOR s PR & e e W e, R IR E 4%
PEN W PR FUBORT AT PERE S A, WS BRSSO AAF T T R AR R o
AT PERE & B dme o U WIS B YA BT TARARE T, AL SN K o o il P 1)
R SR TN R R S R, SR INI PO RE D 5 (3R 4D,
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Table 4 Effects of suboptimum temperature and suboptimum PFD in a short time on fruit quality of the

x4

cucumber plants during the fruiting period

TR %

fssing

AR

AR Y (mg - g
The content of soluble protein

100.79 £10.28 ¢

K%

e (S

Treatment

The content of soluble sugar

0.63+£0.09 ¢

Water content

94.45+10.12a

IE# Normal

1.04+0.14b
1.15+0.13 a

111.69 £ 11.41b

93.09+10.61b

WVi&EH Suboptimum

15559+ 12.13 a

92.11+10.27b

K556 Low and weak

Mg
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Fig. 2 Effects of suboptimum temperature and suboptimum
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Fig. 1 Effects of suboptimum temperature and suboptimum

PFD in a short time on GOGAT activities of the cucumber

PFD in a short time on GS activities of the cucumber

plants during the fruiting period

plants during the fruiting period
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Fig. 4 Effects of suboptimum temperature and suboptimum
PFD in a short time on nitrogen contents of the cucumber
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Fig. 3 Effects of suboptimum temperature and suboptimum
PFD in a short time on GDH activities of the
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N3, N4 fil Al JERFRIE TN 0.26. 0.37. 0.65. 0.28 F1 0.79, 43I 1E &G

E3
T 74%- 63%- 35%- 72%FH0 21%; T N1, N2, N3, N4 Fi AL JERIEIA B 40514 0.24. 0.46.

0.27. 0.44 F10.88, #IEHWIRICAEFEN R R T 76% 54%-. 73%- 56%H1 12%. SHR R FIH F A
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A5

N1. N2, N3. N4 and Al expression of the cucumber plants during the fruiting period
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3.1 EHTEERCFME R E N LR RIS

T S TN S 8 it A s R S i V40 d R i 5 (1) FE 2 K 25 ( Schoner & Krause, 19905 % 4%,
2000; Ensminger etal., 2006); $5)GA 0 NAERKANS, WRETE, =& N R HIR R
PR IRRSe, T FLBEAE TR %, iR P R AR IR sl P PRI, DA RN, WIS S B
WP o ANFFUEE R, IE W IREA I PRI AE KSR IR RSN |38 Bk,
WG BRI ARAT N IR, ARG GAAT T s, Bt REA i B IR PR ARG O B2 IR 9855, 30RO
SRR, KSR EWZR - E PRI . WA 7 DL Y, B2 IR 50 IR A BRI
B TR 2R 0% Rl AR, VA& B G A5 IR 535 ) W AR T IR H R G4 o ARI i e i,
B AL BRI R RE RS, 4R E ay b FISEIHE D RSB — B LA TR, X 5E AR5
AR A — 300, Uk B PR ARG R iR B el 55 A - 3 5 B N R, R s e s IR SRR

IO S KK, WS, SRR, N E/KEBG. Mg S5 K= AR T
SRAEPIPUIENE (RANE 5, 20000, HYMAEN K WEEERA K2 EHES S5 &ML, K5
TR SR I AN E A (CERS 2%, 2008). AR S B S EYPTIENE 2 1A B IE
FHOG CEE, 200100 AE 45 HRR I, Wil BG4 T FRIELSS Y6 4528 T ] v vk 2 R T s 1w
TEYETIEFERCEMN, BAGRSSGRM T ERE . XU, It e ]
PERER IR R, W] LASE S AR AT 1 i
32 WHTEERXZFHERAELNN KGFHEHXEBREE. NSE. NEREEATEENTMN

BAER RN N (GS) BER A KB (GOGAT) AL AL B 23 E Bk ol 5 & 2
G, BRAEARIRB R O A RS, BB IS I R A A IR S A S
(Miflin & Habash, 2002). XD ilfEd GS Al GOGAT [FIN & FEMEH, IR A GS/GOGAT
P, BRMRMEAN (GDH) LG HERIFBIEN G20 55, 2002). MARE T LLE H,
I A5 S T Y SR R S TR ARG, 5 SR 380 I N AR A DG Mt Bt 2 BRAIG, G M 3 B e 4 1 R 1
N AU A GG E B AR T IE S e 4 tE o MW OE BG4 E B 45 RIS TR R . ik RR sz e )
Ao W W . X RER R Wl BG4 N e TOG S SRS, Koz, il 7 &m
Wi 55 s i o

BRI AN A SR N Kk £ B NRT (HIRERZH R AFERD KR AMT (i ihisi
F|AMRED Kk (Crawford & Glass, 1998). fHER I8 #8 TTR AN NO # B SI40 o, T
K RIS B AT LU A0 i AN ER 88 FP . NH, ™ (Glass & Shaff, 1992). A6 M NRT FKiEA AMT
FIE MARE] 4 2 F0 1 4388 R FIvE N st (R DN, R IAE Wl B 644 N R IR BT
ERE, BARRIS &I N k. XE5REGE RS RAH 2.

MATRIG i UG H, 38 B A 3 B TR 2R I R S b 1 N i i i 1 R DR R 3 A S
A, T AR T 3 K N ACE A OGS PERT N B, S T s N AR KR S i . 145 RSV
SCERER T W IE L 6T 5 S A B AR KRN IR PR S o T 2 PR I3 BT MR G RS R T R
i a2 /0I5y, WA I A2 el 5w 3 IV iR o S s 4 1Y, AR LA a1 — 2 .
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