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Increasing magnesium level in hydroponic solution will relieve suboptimal
temperature stress to cucumber seedlings

HUANG Hong-rong, LI Jian-ming®", HU Xiao-hui, ZHANG Jun, ZHANG Zhong-dian, CUI Wan-jun
( College of Horticulture, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract: [ Objectives ] In northern China, cucumber seedlings are often subjected to suboptimal temperature
(15°C/8°C) stress during spring or winter season. Under such environment, the hydroponic cucumber seedlings
using standard nutrient solution are weak and their leaves become yellow in color. A study was conducted aiming
to relieve the adverse effects of suboptimal temperature stress by adjusting magnesium (Mg) and potassium (K)
concentrations in the nutrient solution. [ Methods ] Hydroponic experiment was conducted inside a climatic
chamber with cucumber ‘Bo Nai 3000” as materials. The day/night culture temperature was 25°C/18°C. for
control and 15°C/8 °C for treatment. On the base of a standard Yamazaki cucumber nutrient solution in the control,
two levels of K* (6 and 12 mmol/L) and four Mg** (2, 4, 6 and 8 mmol/L) were set for the treatments under
suboptimal temperature. The root morphology, dry matter accumulation and distribution as well as K and Mg
absorption in cucumber seedlings were investigated every 7 days since the cultivation, and 4 investigations were
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did in total. [ Results ] 1) Appropriate increasing of the Mg* concentration in the culture solution significantly
improved healthy seedling index under suboptimal temperature. When the Mg* and K* concentrations were all 6
mmol/L, the seedling index reached the maximum value of 0.17. 2) The effects of Mg*>" and K" on root
morphology were different. K' concentration was positively correlated with the total root length and root surface
area, the effect was mainly on roots of 0—0.5 mm in diameter; Mg™ was positively correlated with the average
diameter of the root system, the effect was mainly on roots of >1.0 mm in diameter; higher K/Mg ratio was
beneficial to the increase of total length and volume of roots of 0—0.5 mm in diameter, but not for those of roots
of 0.5-1.0 mm and >1.0 mm in diameter. 3) Compared to normal temperature, the dry biomass of stems and
leaves were decreased while the root dry biomass increased under suboptimal temperature. Under K*
concentration of 6 mmol/L, root and stem dry biomass were increased with enhanced Mg** concentration. The
high Mg*concentration of nutrient solution contributed to the distribution of dry matter to leaf. 4) When Mg™ was
less than 6 mmol/L, interaction effect existed between Mg*" and K, while significant antagonism effect existed
when Mg”* was higher than 6 mmol/L. The absorptive amount of Mg under suboptimal temperature decreased by
25%, 72% and 58% in root, stem and leaf respectively, compared to CK. [ Conclusions ] Under suboptimal
temperature, 6 mmol/L Mg®>" and K' in Yamasaki cucumber nutrient solution improved the seedling index of
cucumber seedlings, root morphology and dry matter accumulation. It can effectively resist the adverse effects of
suboptimal temperature on cucumber seedlings.

Key words: cucumber; suboptimal temperature stress; magnesium level; root development; potassium absorption
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Table 1 Experiment design for the adjustment of nutrient
solution under suboptimum temperature

Ab3E Mg? K* K/Mg MgSO, K,SO, Na,SO,
Treatment (mmol/L) (mmol/L) (mg/L) (mg/L) (mg/L)
CK 2 6 3 0 0 0
MIK1 2 6 3 0 0 0
M2K1 4 6 1.5 240 0 284
M3K1 6 6 1 480 0 568
M4K1 8 6 0.75 720 0 852
MIK2 2 12 6 0 522 426
M2K2 4 12 3 240 522 710
M3K2 6 12 2 480 522 994
M4K2 8 12 1.5 720 522 1278
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Fig.1 Magnesium and potassium interaction effect of hypothermia in cucumber seedling index
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Different letters above the bars mean significant difference between different treatments at the same sampling time point at the 5% level.]



34 TLLOR, A5 PR E IR n] A a4l A I a0 743
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Table 2 Index values of root morphology of cucumber
seedlings under suboptimum temperature

B (em) BFRER (cm?) FHEAE (mm) EAF (cm?)

pusiiil
Treatment Total Total surface A.V€rage Total
length area diameter volume
CK 14029 b 296.3 a 0.72 ¢ 10.2b
MIK1 1298.9 be 190.1 be 0.88 ab 7.6 be
M2K1 12455¢ 1652 ¢ 092 a 6.8 ¢
M3K1 1224.6 ¢ 140.7 ¢ 0.94 a 6.4c
M4K1 986.4 d 116.5d 0.86b 5.7d
MIK2 1545.6 a 248.6b 091a 119a
M2K2 1311.4 be 188.6 be 093 a 85b
M3K2 1205.5¢ 1473 ¢ 0.90 ab 8.0 bc
M4K2 1008.3 d 118.6d 0.87 ab 54d

I (Note) : [FFVEHEGAR/NG TR BRI 7E 0.05 7K
25 B3 Values followed by different letters in the same column
are significantly different among different treatments at the 0.05 level.
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MIK1 AbFRA3 5155 H 19.0% . 30.7% Fl 56.5%, FH
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Table 3 Root length within certain diameter range and
their ratio in total root length of cucumber seedlings
in different Mg and K treatments

HAZNEE (mm)
b3 Diameter range
Treatment

B HL] (%)

Ratio in total

0~0.5 0.5~1.0 >1.0 0~0.5 0.5~1.0 >1.0

CK 865.7a 3693c 1679cd 61.7 26.3 12.0
MIK1 525.5d 483.7b 289.6a 40.5 37.2 223
M2K1 5333d S531.6a 180.7c 428 427 14.5

M3K1 543.6cd 5162a 164.7cd 444 422 13.5

M4K1 449.5d 3185cd 2185b 45.6 323 222

MIK2  761.5b 5347a 2493ab 493 34.6 16.1
M2K2  688.5c 48l.4b 141.6d 52.5 36.7 10.8
M3K2  624.6c 3583c 122.6d 51.8 29.7 18.5

M4K2  4763d 287.3d 94.7f 473 28.5 243

I (Note) = [RIFVEEEARE/NG F-RE3R A BE A 7E 0.05 7K
F-2£ 5 B2 Values followed by different letters in the same column
are significantly different among different treatments at the 0.05 level.
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Fig. 2 Effect of magnesium and potassium levels on the content of dry matter and the distribution ratio of cucumber
seedlings root, stem and leaf under suboptimum temperature
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*4 TRIETAREZR, HLBERERNSESFIERREE
Table 4 K uptake in different organs of cucumber seedlings
under different K and Mg treatments
at suboptimum temperature

x5 TRIETARZE, BLEERNSESRENEREE
Table 5 Mg uptake in different organs of cucumber
seedlings under different Mg and K treatments
at suboptimum temperature

i (mg/kg)
Ak K content
Treatment

HR I (mg/plant)
K absorption

#2 Root 25 Stem M| Leaf # Root 2% Stem M Leaf

B (mg/kg)
Ak Mg content
Treatment

G (mg/plant)
Mg absorption

#R Root =% Stem M Leaf #R Root =% Stem M Leaf

CK 202c¢ 381la 210a 0.7d 74a 9.0a
MIK1 329a 31.8b 148D 1.3b 2.8¢c 4.0cd
M2K1 20.0c 226c 140D l.lc 32bc  5.6b
M3K1 243bc 20.6c 140D 13b 32bc  6.0Db
M4K1 239bc 12.6d 132bc 1.7a l.ed 53b
MIK2 274b 305b 102c¢ 12bc  3.7b 3.6d
M2K2  229bc 212c¢c 1l2c¢ 12bc 25cd 4lc
M3K2  282b 29.7b 152D 1.5ab 32bc 58b

M4K2 264b 23.6c 142D 1.5ab 1.8d 42c¢

CK 9.0a 183a 12.0a 03b 35a 52a
MIK1 6.4c Il.1c 79bc 03D 1.0d 2.1d
M2K1 79ab  135bc  7T.dlc 0.4b 19b 29c¢c
M3K1 84ab 14.1b 84b 05ab 22b 3.6b
M4K1 81lab 13.8bc 85b 0.6a 1.7bc 34D
MIK2  62¢ 13.6bc  6.0d 03b 1.7bc  2.1d

M2K2  7.7b 145b 58d 04b 1.7bc  2.1d

M3K2 80ab 14.1b 78bc 04D 1.5¢ 3.0 bc

M4K2  86ab 13.8bc 7.7bc 05ab 1.0d 23d

¥ (Note) : [FFEHEEAR/NG FHER/RABEELE 0.05 K
225 B 3% Values followed by different letters in the same column

are significantly different among different treatments at the 0.05 level.

A PR 25 T R, R B I
TR, WAGE T, MIK1 ABAOH R & R i
32.9 mg/kg, MiFEEEFFETH Mg RE T+, 2
ke — B R, 25 M4K1 L M1K1 4b 8
K" && FRET 193 mg/kg, £ Mg> il K WisHT
e, HEEE IR KW TR, R 2L
Y KR T

ARG R 7 5 A B 2R A R A A ) 2 X
M, YEFRIP Ko 12 mmol/L B, &K AbFEIAR &
PR 2R RN R, 25 P A R B R WA TR
AL B AR TR R, FEE IR KR BERIRAT
PRI I R REE Mg W TR TR S TR
M2K 1 Ab AR I B4 MIK T Ab BT H 0.4 mg/plant,
MEFW KON 12 mmol/L B e EE I, Mg #k
JEBMRAY MIK2 AbFH . Mg 55075 (14 Ab B 14 40 13 A
it 2.0 mg/plant, KHITEE TR K Bmit, ik
JER Mg™ 5 K- RILAREIVE, i Mg A mifk
FERS, RIBFEBOER . w8 R R R ZE A
IR, R A A IR Mg B2 T B
Wi e T S R R

M s alH, WARE TR, 25, i
A& R R TR, R BER AL B, Bl
FEIRWT Mg 8, R B AR A B 5 i A
R, FEZErh RIS InE b, M2K2 Ab A

H (Note) : [FIFVEH A FR/NE F-BER/RACHF ZE 0.05 /K
2453 58 2% Values followed by different letters in the same column

are significantly different among different treatments at the 0.05 level.

F = 14.5 mg/kg, BEE EFRWHH K W E T
MRS T R A, i B
E RN

AV VAR ZE I 1 BRI A 8 CK W3 R
MIK1 b33 (4 HR 25 W i 55 CK R R 43 501
25.0%. 72.2% i1 58.8%, FHAARL 2550 T 56
TR W] F A4 . AR BRI B SR Mg
ThHE W, M3K1 Fl M4K2 4B CK & il
0.2 mg/plant, ZEHIM F BRI ISR 24 RN B G 57
W Mg W EE T e T R R B G #, MK
ZEFIM TR BRI ISR HE MK AR FRS3531)55 HY 1.2 mg/plant
F1 1.4 mg/plant.

3 e

A R RO A i TR SR B R s, RTF
MAH R LS % . ARSI, AR
THE R B R TR IR A B, ELRE R S R
B PR R W B v BTG W A R R B 7R K
WEEARIS, B8 #IOCRRIA—EMFEIEN, 75 K
WL BAR AR, 3 00 B SR WP G Mg R,
AR T G g AR TR 8 Rl v B 1 A

FEWIAR 2R AE AR A i i 3 b Bl E 2
FER, EAUEA WK GRS i FRAE
FROIVERT, A G AR . HH BRI )
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fig, TRl X A A A B FLAS P AR 0, AR R
(AR R R B A2 B st A S DR g 3ol i EL s 2
ZRVERAGAREE . #7725 KPR FEEZ R R
2 IR,

AR LSRR, PR AR R AR P ER
RIA, M Mg WE—ER, REERED K
MR, R M EAR K R BAR R A, R
B R B AR R BAR KSR A, X5 A
o IR AR . F A, RERSHE T
TR R BT, — M\ Ay 20 AR X AR 7K o3 R 57
AR AT H T LA AR N, AR5 3 W 6 R X AR
R, K5 IR 2R A2 AU
ARG, HEZEEW 0~0.5 mm MIRE; Mg 5
R HAREAN G HFEZM > 1.0 mm R AR, X
T ENE KRR AR LRI —5 BT & HR
MAEFAN, B BEHeflt g m T EIR R A&,
B R . B B AT R 0~0.5 mm AR R /AE
K AR ZR AR SR BRI I, i R T
0.5~1.0 mm MR ZEM > 1.0 mm HAK (F 2. #£3),
iX 5 Hermans 5" MBS 25 R [A], W] fig 5 A IS
JIT 3 HRITA T 2% AP R S R B S RS [R)

TR B SRR T Y AR BV, K
ETYREER, B 5T LA AR A N AW
e/ SORINTTPIveE IR A8 o aL7 5 A (OF S AR
B OBER R IE LG BRSO VR RN L )
TEH R ) BB A SRR . B AT WIS e I,
B RN B XA A B BT R W i85 5 4
AWFEZW, T BEE IR MO EAE % 5 A
Shy it 497 2 DO A 40 % B ) R AR /L 5 (Lt A BF 9 R
BT, BRKOPRARES, 38 Yt m Mg IR 5 &
A —E P FE R . AR S R R, B
BEBFUREACH, — @ BRI S Mg R RE L 1F
XTEP RIS, IR R Mg R K 7EERAI T Y
PERI TR M LRI EERT, 10 Mg KT 6
mmol/L B, BEFEFMISRIN B3 PR, X
55 Swift S BFGRZESRARRL. SiAh, EIR TRk
JER K X RS I B 2, X5 AR
TF 55 25 S M o 8 A O S0 A 2 B I AT i R AR
25 g Mg ARl CK ALER R 25%, 72% Al
58%, RUDALET Mg> By bz 3 1™ Hi
Ml , T M3K1 Ab 38 RIS S35 SR W g Mg
B, ART S — PRI

R ZR 2 52 ) AF ) 7 5% 00 3 IR — > A
£, AR EEMRBES . A EEEE R R

Lo DA S B B s T 5, SRR B, AR AL
H21d)E, AR ATE 0~0.5 mm EHEHN IR K
B BRK R EMRT CK, MR RE
0.5~1.0 mm F1 > 1.0mm i [ P3 AR 50T i L A7)
BEET CK, R T WA FZME T 8R4
0~0.5 mm JEFE R RAAEK, MWAGE T, B
MR AP RS IR R, X RER R A ZEMR
HEHAT, HAE RN 0.5~1.0 mm F1 > 1.0 mm IR FR
FRBE IR IR AR T, (R R B ) B A 2
2 i

ARIEH, Na” Ik 0 9 mmol/L, Bk
JFERY Na® XF 8 NS i B S i 52 ma i /Ny, le] o
HIREFRWH MM Na* W5, A5 &N,
K. Ca* Fll Mg* = # Z A A FEPER, A998
o, BN T E SRR KR Mg, RS S X
HAlE SRR AW, TR RS A R £ 32 B
W Ca> g ; AREEH, NOy Al Ca* 4l h
14 mmol/L 1 3.5 mmol/L, Z=IHZ5E0 fURFs R, Itk
B AR 38 SRR TP Y Ca> 23 B TN 4 i % 56 R 1 T
W, KT Ca> Wsgi, T Ziib—B MR AMFI,

AR, EINE VAR T, RRTY
B, FEAE TR, X SR IS
—H, JFEMEC PR R, 7R AZARIR W
G, N T A ZE R TR Ay L R B,
B A FUET A BE R I o A L. ARG SRR,
FEAR T T MUK A B ) AR T v i 4 J5 43 i
153 3% CK M1 4.3% 1 2.7%, 3% AT BES& K A AR
W U7 R B S R TR, SR
P () e SRR R, G SR T A Mgt Uk
FERT VAR T i i 2, S/ 5485
FEER RS R, FEBE IR KRB
B, BE Mg WRIETHE, WMy RS T,
T R e T R R R, HUE SRR Rk
JEI Mg A A F TR m h i, ol e
&N EES SRR, FEE—R.
4 ZhiE

1) AR T3 Y3 s Ry Mg Wk 2
6 mmol/L, R &k 35 $2 55 2 INA) i et 848

2) Mg SRR EARIEA G H A 2520 > 1.0 mm
MR FR; Bmr K/Mg AR FHK 0~0.5 mm
ZAEK, BEMH 0.5~1.0 mm 1 > 1.0 mm AR R
2RI

3) WA T, MEFRWE K HEE R 6 mmol/L
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i,

Wi Mg WETHR, RS ET R,

M T BRI e T R R, HE IR
s R Mg AT T L. E SR
Wb Mg £ T 6 mmol/L I, #7 Mg ke fEfe ik
XTEREWCIC; T2 Mg KT 6 mmol/L B, i 255210
BRI o

i b, BEFRIR P E Mg W 2 6 mmol/L,

BN BRI, RERE . TR R
BEOUR G RO R BB, REAT 25 AR S AR I X
AN
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