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FE: A ZAF&IN(Cucurbita ficifolia)¥45% (“2A77). A #FHIN(C. maxima % C. moschata)dg: G (“ Q47" F= K355
(“AAR”) AR, BT T F iR (18~20°C), LIEIR(13~15°C). KR (8~10°C) = Fr Ak R 5 B AT 3 IN(Cucumis sativus) 4 &4k %
A K FNBO e p B0 Bk, R A DR E EH T RN GRARE . RER. AR, AREHK
VA B A H, RN B AR Z A B (MDA) & 3 A, A A 54 B5(SOD)Fr i B BE(POD)F M 4K, MAARK
BE K, BN AR A RSO B (NAFO) A+ &, 2 Feet B NAFEK, "NOBetbfe 38 %, oF BBV, PN R 27 14
K. LEBAERLET, “EHGRABESHE. REKEERE, NS B F) A 90 TFa R g, “247H

JNFA ¥ A R0 FNG) AR K A KIR 09 38 R A8 7) SRR, AR B 69 AR KR A 805 B R K.

KIA: HINY W AREAKIE; AR 2 A K NI e

ARk, Ab77 X AR IR A ) 55 58 R UK
AR, RR LI R BRG] ) % 58 R
A EE S B EN E HIRAEROE
52015), el 7 gk s A AR KO R TR B e
IR . 8 )N(Cucumis sativus)VE T E it T %%
B 2 —, 1F H 6 2 BK A 35 Rl A 75 A 7= il
by 2 BMRIR R . B AT, A OMERIER T BN A K
KRB W52 it 7T 3 AR R R AUR M E T T,
T FEAR 2 T O 8 I Al R B 25 4, FRAR R il
TEPE(TKEAE2013; ARIMEFE2015) 7B 3 A
R X AR 2 g i ) AR K. WF iR A
R G R, HEYDAR FO0 T8 S il A A4 B ek
(8 52 E0552004), 2 X AR IS 52 AR & AR KK
H, FACEYIAR X 7K 70 FAT 5T 7o & 1 0E i
Re 71, Tt — 25 52 ma i A7) 1 AR U Bh Oulv
2015). ARE A EF5IE(2003) 4 78 K A E B
(AR X IR EE R I 7 B TR R A . BEE, 2
A B AR TS, TS E G A
BRE RN, WA B EREK. FAE Y
R 3 E R AUE S, 2 H BT TR IXAKER T 38
JIK 28R WRMSCR FH G TR AR D . PN R
EEHAAE N g B FUAE YR 20 S ORI )
B RFB, AT LR T H B R AR AR N o
A0 R 45 B 1A # R (2 411990), 38 w] LA
HE 4 BRI i L 45 (nitrogen derived from fertilizer,
NAff) iz BAE Ak 25 28 B 6 AEARL N W IS AE 1 ik
(1 2 4155 1986) .

AH IHIF 5T RN A P2 SR IE B, 154 T DA 35 2
0 IO IR 1) 1E L Be 77, $mdum . Puak. i

{EIR 556 AR £ M (8 K 22619955 % 1451997,
FERMREE1996) . FE DTN ARG AE /750 55 B TR &,
126 I BE 000 B Al A AT DL 25 42 s e At
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ARG IN(C. maxima % C. moschata), W3 %Ki
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Fig.1 Soil temperature control device stereogram
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3.2 REMEIEEMN RIRAE T SR

SR FH Z0HE DY 1y 0 o i S A ) AL B (super-
oxide dismutase, SOD)¥& P, S H & 61 A By vl 52
o E ALY EE (peroxidase, POD)E P, K ARACE L
BRI 5E 9 % (malondialdehyde, MDA) & & .
3.3 EN4ER,. =, RN Ao E

P N BE (%) T BURE J 76 b [ Ol R 22 Bt
A7 b I A L B e

NAff (%)=(F i "N E-0.3663%)/(IER N
JZ—0.3663%)*x100%.

NAfFFEAE R 25 B IR iR i 2 i 21 f PN
XPZAE B AR E N TTRAE, S T AR S B IR
PN ISCE T A8 71 (B2 411990). HH10.3663% K
HIRFRE .

AT E (=T E ()< A & 2 (%).

BAESBCZR (%) =15 2% B A ZEUIE Hh IR WAL 1 2
(8)/ B A i (2)x100%

LRI FH 2% )=Ndffx 35 7 4> U B ()/ i At &
(2)<100%.
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puR=REd: oA
2.1 RXEENENYEBEIRAEAMDAR ERF M

=R E A AMDA & B 1 5 R X iR
JEE B AT 2 25 T e (B12) . HWIRACEE R, “Ek
MHIR"PIMDAE B ER AN RE, “BIH " 5H
. “HR MDA &2 7R3 . 761 &R
RIRALFL T, =MABIMDAS BEEREER, &
BR/NRI g B> R > R, 3 AR XK
TG AR R R A B ) 40 T O, REFE AR R A
b B 52 28] 1 4 55 e N o
22 REBEEMTERSEREMEUEFED
A

H 3 AT 40, % AR 2SOD. PODJE I BEAR
X5 B2 1 ARG T 58 8 PR A, HL = i Rl 2 TR A7 7
75, IR ARSOD. PODJE M R /NRI A« BF >
F>“ER”. S5EIERCGHEOMLL, &R T,
“HUFF R 2 SODYEPE ik 35 FEAIK, PODYEPERF A 2
F, R RCHR IR R ISOD. PODIE HI44717E
R IR, “BAHRASOD. POD
EHEEETCARMAR”. WiERAAHE T,

R AR DARIEXT 3R AR A2 B2

Table 1 Effect of root zone temperature on root morphology of cucumber seedlings

Ab R RIS AR K /em MR TR/ em’ AR em’ TR R4 X
RO B 875.71+78.26 96.07+8.34" 0.84+0.041° 1261+118" 8 346+637"
SE=s 662.67+98.45" 76.69+6.57" 0.71+0.036" 1 1744236™ 7 155+712°

L] 315.71466.37% 39.91+4.38¢ 0.59+0.029° 652+97% 3 8274593¢

VI i R 669.21+£89.28" 91.85+7.69" 0.81+0.047 1 1414253™ 6201+674°
SE=s 381.44+74.59% 55.57+5.02° 0.64+0.028° 927+196" 4 050+835°

L] 170.47+67.71"% 25.86+5.45° 0.54+0.032" 305102 2 150+498¢

IR R 503.22496.45° 75.0249.36" 0.62+0.035° 826+148° 4 706+386°
SE=s 239.214+83.28°" 37.14+4.57° 0.42+0.025° 502+101% 2 981+345¢

L] 82.34427.56° 15.28+4.69° 0.27+0.023" 112+38° 836+139°

R Z B T A R NG BRI R 22 57 R 35 (P<0.05), N[
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Fig.2 Effect of root zone temperature on MDA content in

roots of cucumber seedlings
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Fig.3 Effect of root zone temperature on antioxidant enzyme

activities in roots of cucumber seedlings

“HEFPHCEF” PODIEMEE AR, WHIRIX
iR T AR RE P e 3 Al BT AR AR A DL AL B 1,
{EURR X 3 i 2 PF T < RRRF A0 RS 3K T A 2
ER R PURACEE 2 7 A K, RIXARE AT
R AR PR BRS R B2 R T R

3 RXEEBM BN EEFREE NIRUFI S E R
A
3.1 IRXKRI RN & EF 28 BN R0

FHER2 0] A1, 5 iR o RO AH EE, P 38 i AL
AbFR T B4 22 A NAFE(E BRI, 38 AR &
NAFfE A e 0 AL R < B F < FF 2K
NAffff 22 7 A B3, HRR A Nl 22 7 225 .
RIBACTE T, “HFF. “EFRCaEiR@ iR, A0
A NAFE ST AR IR R E 2R . WiEiR
AR AL R, <A IR R ZEHIH FrNdfFE Y &
TEEFPRICEMR”, ARV AR 2 NAE
A, UEBAR XA IR Mra ) 1 2 NSl i 220
Xt NI SR T, B4 T AR R N R AHE I,
T FEAT & 45 B AR 8 CRRF ARG B R i g
3.2 RXEEBERMEERSEE N RN

FHR3 T A, S5 A FE PN B LA 2 R I I
>R AR BHE AR X E R BRI, 2 N4H R
ZEPNOECET R, WA PN ECR G, 5xF A
bt WG E AL HE R R AR PN LR 2 R N R,
. PN REREE, AR CHIR?H
Ry ZRI NSRRI RS ZE R . ST
R (8 N - SN = S e Tl = R TN
UNAOBCRFAEREEZR . BT, “Af
AR, 22 HONDQRRERARE, P
Hempoml, 22, HONS MR HEEREER,
R AR AN ZE PN L BN T (R R AR,
(E A AP N LR BT R R J AR, fk
AL, R XA a4 T &) v 2R
BETE, MERKRTERRRBG LS, “BFH
FEAR XAGHR TR R A B AR S &, N
R RIEBNBEE [ Wit Bt o
3.3 RXEENEN4E AT AR

P P4 R S, AR DX P RO BRARG, 3R 4h T N
FIFHREF AT = FAR DGR B ALEE R, “HF °N
P 23 B 2 5 T P e AR ARIRALEE T,
CHUEFL < ERPRI AR N SR R ) R PR
1%, PNA 255 5 FA520.05% 37.73%41156.36%.
WA R, AR AR PNRHEER AR
Fo AL, RIRIN T E R ENIFRI A, RIX
RN MR N FH AR K, < SR PR AR
TR AT AR BE S (R FE AR X R B N ORI F R
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2 MDA BTV L 25 AT NS (%) 52

Table 2 Effect of root zone temperature on Ndff (%) of roots, stems and leaves of cucumber seedlings

b3 I RL JicS E -
WO HR) ey e 10.31£0.42° 11.69+0.37" 16.24+0.42°
SEag 7.58+0.35" 9.67+0.43¢ 13.84+0.39"
AR 7.43+0.26" 8.89+0.39¢ 12.93+0.49°
&R AT 11.05+0.33¢ 11.35+0.53" 14.20+0.48"
SEag 8.75+0.43° 9.104+0.29¢ 11.47+0.33°
AR 8.97+0.30° 8.06+0.47° 10.37+0.26°
i b 13.92+0.45" 10.5240.37° 12.01+0.34
=kad 11.06+0.39° 8.08+0.32° 9.13+0.29"
=R 11.80+0.28" 6.62+0.48" 7.03+0.25¢

2R3 MDA AT AR L 220 Ny BE S 1 5

Table 3 Effect of root zone temperature on "°N partitioning rate of roots, stems and leaves of cucumber seedlings

sl I RL i E I
RO RR) R 8.38+0.23¢ 14.08+0.36° 77.54+0.52°
H¥f 8.35£0.19° 14.3240.33° 77.33+0.59™
AR 6.77£0.20° 12.8140.29" 80.42+0.64°
VI iR B 8.72+0.26% 15.07+0.41° 76.21+0.68°
H¥f 9.21+0.23% 15.8240.36° 74.97+0.71
AR 8.34+0.23¢ 14.96+0.31 76.700.68"
IR B 9.39+0.33" 17.76+0.29" 72.85+0.52°
Skad 10.69+0.24* 19.11+0.33" 70.20+0.69"
ELiE] 11.06+0.25" 19.31+0.39° 69.63+0.57"
801 REN N mEE 2008), RIS T, YR R A KIHEE R,

SNFFH /%

b
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Fig.4 Effect of root zone temperature on nitrogen use

efficiency in cucumber seedlings
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SEFEFE AT DAY AR X IR 475 5, 1G9 25 R %))
AR AR PTG 1, ek A 200 S R 3 4R A A
(K 2EF552005); “HAF KR DX I (14038 I g ) 2
ST R, <BRFFRENS B AT HEAIG IR 0T B %) R
MR RS G AN AR BEVE B A SR s . ) — 5T,
TG AT, PR AR RAARR AL, HRARFR,
R A PODE 1 5 AL L [« A E F AR
=, MBI R AL 22 7 A B2 4,
“EFF R EH AR IR RIE SRR . MDA & R AIPT
ABETE TS F IR A HA L) 2 5 B3, xR
TE13~15°Cilf B 26 N A IR RAE KA 22 5|
T, <A R AR R
2 RXEENRIERNEEFRSEE "NIRBA 5>
[l

R DX i B 2 5 M AR 2R 72 43 R 7K 2 WAL 11 X e
Al 2 (X5 552010; 18 [E#552016), = 2@ S 5200
R 2R [ A KR LM AR 22 06 77 40 RZK 2 IR U . 12
FRHAAE(2013)AF 58 K BN, 18F126°CAR X iR )& 510°C
R DXL AR b, AT DA 2800 i ] 4% 2 3B AR T
B AR B AN ), AR TR 358 97 43 1 T
WCARI A . 3 in iR AL B S ) 3 TR . &
JIE W P 2 R0 IR A 25 R i R 35 A T il 4k 8 B
EARE(EERSE2015) . ARG E T UNF AL Z ARl
W FC R I, BEE AR DX (0 B AR, 35 R &) AR 1)
NAFEE AW T 5, 2R A N EEE A G [F
i, RGN R A ZE 1 N AW G 2, o
PN LI TR D, R AR X 2R R A B
ko ShAbh, 7EARIXARIEMNE B S ERBEN
NAfFE 3 T R R AR, <SBAF I PN
K BAERH A TR M AR, < HAR I
F PN D IR 2R B A1, 3 B LR AR XA
T IE T, «BFF AR T oA AR BT B
(17 I - 138 mp R A0 %8 2R B i B v R R RE D, T
“E AR TE AR DX AR 8 T RS R AR T Re
LIE S

25 Bl LAE H, 7EAR AR E T, 4z
L B AR R A SR & NARIR M BE ), B RE
TG 2 T IR 2R A KRN U R SR FH /g T b T FF
I 5, 0 R X IR S N 8~10°CH, 35 2 5%
TRA S . PIRR G T R I S 2 T RE
IEHERE A SEPEAN A D% AH G 58 CIESE 2
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Effect of low root-zone temperature on growth and °N uptake and distribution

characteristics in grafted cucumber seedling root

SUN Shi-Jun', FU Chong-Yi*, SONG Yang' ,WU Rilige', XUE Yan-Jun', CUI Shi-Mao""
!College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, China; *Inner Mongolia Academy of Agricultural
& Animal Husbandry Sciences, Hohhot 010031, China

Abstract: With black seed pumpkin (Cucurbita ficifolia) grafting, white seed pumpkin (C. maxima x C.
moschata) grafting and ‘Jinyou No. 35’ cucumbers (Cucumbis sativus) as test materials, and the self-developed
ground temperature device to control cucumber seedling growth period (22:00-8:00 + 1 d) to normal (18—
20°C), optimal (13—-15°C) and low (8—10°C) temperatures, the effects of different root-zone temperatures on
cucumber seedling root growth and "°N uptake and distribution were investigated. The results show that the op-
timal and low temperature treatments significantly inhibited cucumber root length, surface area, volume and
numbers of roots and branches, increased the content of malondialdehyde (MDA), reduced the activities of su-
peroxide dismutase (SOD) and peroxidase (POD). With the increase of root-zone temperature, the value of ni-
trogen derived from fertilizer (Ndff) rose in roots, and decreased in stems and leaves; °N distribution rose in
roots and stems, and reduced in leaves gradually; and °N utilization gradually decreased. Under optimal and
low temperature treatments, the root morphology, antioxidant enzyme activities and "N uptake and utilization
of black seed pumpkin grafting cucumber were superior to white seed pumpkin grafting and ‘Jinyou No. 35’
cucumbers. Black seed pumpkin grafting cucumber had the strongest adaptability to low root-zone temperature,
and ‘Jinyou No. 35’ was damaged most seriously by low temperature.

Key words: cucumber seedling; low root-zone temperature; root growth; "°N uptake and distribution
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