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Abstract: [ Objective ] To provide a theoretical basis for hydroponic breeding, production, and further physiological and
biochemical studies of Carpinus betulus, the effects of type, concentration and pH of ordinary nutrient solution treatment
and special nutrient solution for hydroponic seedling growth of C. betulus were examined, and the best nutrient solution
for the growth of C. betulus seedlings was screened. [ Method] We used C. betulus hydroponic seedlings as the test
material. We analyzed the survival rate, number of leaves, average number of roots, average number of second roots and
fresh root weight as morphological indexes; and soluble sugar content, starch content, soluble protein content, POD ac-
tivity and root activity as physical indexes. Hydroponic seedling growth was examined by the type, concentration and pH
value of nutrient solution treatment using three factors and three level orthogonal tests. To obtain the best ordinary nutri-
ent solution, we tested hydroponic seedling growth treated with the best ordinary nutrient solutions and special nutrient

solutions made by the authors using a single factor test.[ Result] The orthogonal test of nutrient solution showed that the
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most suitable ordinary nutrient solution was the 1/4 Hewitt formula ( A3B3). In this condition of pH 6.5, the survival

rate was 85.71% , the number of leaves was 1.60, the average number of roots was 4.40, the average number of second

roots was 25.90, and the fresh root weight was 0.40 g. The soluble sugar content, starch content, soluble proteins

content, and the rooting activity were significantly higher than those in the other treatments, although the POD activity

was significantly lower than that in the other treatment. The single factor test of the nutrient solutions showed that the

most suitable nutrient solution for C. betulus growth was the special nutrient solution No. 1. Under this condition, the

survival rate was 93.33%, the soluble sugar content was 0. 13 mg/g, the starch content was 2.55 mg/g, the soluble

proteins content was 33.33 mg/g, and the rooting activity was 49.75 wg/(g-h).[ Conclusion] The most suitable nutrient

solution for C. betulus was the special nutrient solution No.1 prepared by us.

Keywords : Carpinus betulus ; hydroponic culture; nutrient solution; roots growth; soluble sugav content
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5.5 ) Hoagland & Anon il FHEC /7 (A1B3C1) Fl 1/4
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Table 1 Results of morphological indexes of hydroponic seedling of Carpinus betulus

under ordinary nutrient solution treatment

FHRE
average
root number

S G
average second
root number

FRAE i/ g
fresh root
weight

s e/ % o
treatment survival rate leaf number
A1BICI 64.29+0.71 Ed 1.30+0.02 Ce
A1B2C2 64.20+0.55 Ed 1.32+0.02 Ce
A1B3C3 92.86+0.14 Aa 1.59£0.02 Aa
A2B1C2 42.86+2.86 Fc 0.80+0.10 Ef
A2B2C3 64.29+1.67 Ed 1.11£0.04 De
A2B3C1 78.57£2.57 CDc 1.63+£0.02 Aa
A3BIC3 83.33+1.67 BCb 1.20+0.03 Dd
A3B2C1 78.57£3.50 D¢ 1.45+0.04 Bb
A3B3C2 85.71+2.29 Bb 1.60+0.03 Aa

1.44+0.03 Ee
2.00+0.05 Ce
2.31+0.04 Bb
1.33+0.05 Ef
1.67+0.07 Dd
2.27+0.06 Bb
1.97+0.05 Ce
2.33+0.05 Bb
4.40+0.05 Aa

7.47£0.02 Ff
6.09+0.04 Gg
18.83+0.08 Cc
1.99+0.11 Hh
6.14£0.04 Gg
14.60+0.04 Dd
19.81£0.05 Bb
13.16+0.04 Ee
25.90+0.03 Aa

0.37+0.02 ABabc
0.43+0.04 Aab

0.36+0.04 ABCbc

0.25+0.05 Cd

0.33+0.02 ABCed

0.27+0.07 BCd
0.44£0.06 Aa

0.40£0.09 Aabc
0.40+0.03 Aabc

i FPUAR R NG i 2R 22 50k B & K (P<0.05) , AR KRS FhEF£R 2 75 8.3 K (P<0.01) ., T[E, Different lowercase
letters in the same column represents the difference was significant( P<0.05) , different uppercase letters in the same column represents the difference
was significant( P<0.01).The same below.
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Table 2 Multiple comparisons for morphological indexes on hydroponic seedling of C. betulus
under different ordinary nutrient solution treatment

ot PR e TR FE IR B g
factor survival rate leaf number average average second frcsb root
root number root number weight

Al 74.20+14.01 Bb 1.40+0.14 Aa 1.92+0.38 Bb 10.80+6.05 Bb 0.39+£0.04 Aa
A2 61.59+15.66 Cc 1.18+0.37 Bb 1.76+0.42 Bb 7.58+5.57 Ce 0.28+0.06 Bb
A3 81.85+4.71 Aa 1.42+0.18 Aa 2.90+1.14 Aa 19.62+5.52 Aa 0.41+0.06 Aa
B1 63.49+17.62 Cc 1.10+0.24 Ce 1.58+0.30 Ce 9.76+7.90 Bb 0.35+0.09 Aa
B2 68.43+6.43 Bb 1.30+0.15 Bb 2.00+0.29 Bb 8.46+3.52 Bb 0.39+0.06 Aa
B3 85.71+£6.42 Aa 1.61+0.03 Aa 2.99+1.06 Aa 19.78+4.94 Aa 0.34+0.07 Aa
Cl 63.49+7.04 Cc 1.46+0.15 Aa 2.02+£0.43 Bb 11.74+3.27 Bb 0.35+0.08 Aa
Cc2 68.43+18.66 Bb 1.24+0.36 Bb 2.58+1.40 Aa 11.33+11.07 Bb 0.36+0.09 Aa
C3 85.71£13.11 Aa 1.30+0.22 Bb 1.98+0.28 Bb 14.93+6.60 Aa 0.38+0.06 Aa
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BT 7 pH 6.5 IFRcfE
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Table 3 Correlation analysis for morphological indexes
of hydroponic seedling of C. betulus under

ordinary nutrient solution treatment

T
e JEATES AL g M
EiiaD . . average .
X survival leaf average  fresh root
index root .
rate number second root  weight
number
number

R
LIt 0.836"*
FHIHRE 0.613*"  0.6447"
P 0.892°° 07057 0.811°*
HRAE 5 0.454* 0.282 0.275 0.359

Wk w % £ 0.05 f10.01 AKFEFEREE, R, = and

# #* indicated significant differences between treatments at P <0.05,
P<0.01. The same below.

AU 36 E A K 55 A 0% R Bt AR R A o i B
W PE KB B IAATG 32, LB 5T 5 5 A7 10 AP AE
0 HAE DG BEITAR R BT R A I G . 25
TR MR AR AR B, AR R RN RS EEAY
KA 1) EE ELRIE
2.1.2 AARAFIRARL AN X ST

B SR OE S A E T | W 3 B K B 1 2
FEARIAE L 4, 3R 4 I E SRR IE R
B1 7K . pH 5.5 ) Hoagland & Anon i F i /7
(A1B1C1) FIHFE B3 7K~F- . pH 5.5 19 H 7% fel ik ic
J7(A2B3C1) B, 7K 35 B o] % PR bR & | & e, o
0. 12 mg/g; B FEW N 1/2HE pH 7.5 1Y H A B2l it
Wi 77 (A2B2C3) I, JEHs &t fc 5, 19 3.04 mg/ g &
FEW /28 E pH 5.5 B Hoagland & Anon i ]
Bl Jy (A1B2CT) I, ATy (& B f i, o 49.00
mg/g; H IR N 1/4 e E pH 7.5 1 Hoagland &
Anoni® I Bt 75 ( A1B3C3) I, POD ¥ P i i, N
40.00 U/g; BFRICH 1/2 ¥JE pH 6.5 [#) Hoagland
& Anon i L7 (A1B2C2) B M R IG T fe i, >
49.00 pg/(g-h),

ZH R RER (K S) , Bol A m KR
ATV PERE O 1Y E SR WA pH 5.5 1Y Hoagland &
Anonii FHEC 75 (A1C1) 5% pH 5.5 4 Hewitt 18 FH fic
J5 (A3CL) AL, Bl A 32 = VE M 7 i 19 38 3R R
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Table 4 Results of physical indexes of hydroponic seedling of C. betulus under ordinary nutrient solution treatment

TR
A3 (mg-g™)

treatment

by i
(mg-g™")

soluble sugar
starch content

content

AR R

( - POD i/ LESTPIV

meg-g _ o1

solubli r%roteins (U-g™) (pgeg'h™)
POD activity root activity

content

Al1B1C1 0.12+0.00 Aa 2.30+0.22 BCbe
A1B2C2 0.11£0.01 ABab 2.03+0.07 BCe
A1B3C3 0.13+0.02A Bab 2.00+0.08 Ce
A2BI1C2 0.08+0.01 Ce 2.51+0.07 Bb
A2B2C3 0.08+0.01 Ce 3.04+0.14 Aa
A2B3Cl 0.12+£0.02 Aa 2.23+0.06 BChe
A3BIC3 0.10+0.02 ABCbc 2.22+0.11 BCbe
A3B2C1 0.12+£0.01 ABab 2.21+0.08 BChe
A3B3C2 0.08+0.02 BCec 2.34+0.56 BChe

19.23+0.31 Df
49.00+0.43 Aa
38.13+0.09 Bb
10.55+0.12 Eg
31.68+0.39 BCed
35.29+0.19 BCbc
31.25+0.93 BCed
36.88+0.18 Bbc
28.70+1.996 Cd

86.66+11.55 Cc
183.33+15.28 b
40.00£10.00 Ce
270.00+79.37 Aa
220.00£20.00 ABab
233.33+23.09 ABab
93.33+11.55 Ce
60.00+20.00 Ce
220.00£26.46 ABab

19.23+3.00 Df
49.00+3.00 Aa
38.13+3.00 Bb
10.55+2.00 Eg
31.68+4.04 BCed
35.29+3.00 BCbe
31.25+3.51 BCed
36.88+3.00 Bbe
28.76+3.00 Cd

7 A Hewitt 8 HIBC 77 (A3) 8% H A Fe 12 Bc J7
(A2) (AL G ol A 38 & AT PR 1 3 i i B R
W R pH 5.5 19 Hewitt i FHHC /7 (A3C1) 5 pH 7.5
() Hewitt 3 FHECJ7 ( A3C3) 44 5 fieidi & FEA% POD
TR B E TR S Hewitt 18 FHEC 7 (A3) 5 Ho-

agland & Anon H L /7 (A1), I K &F pH 5.5
(C1)E pH 7.5(C3) WA G ; i A ISR RG]
FRE SRR & AT Hewitt 38 FHBCJT (A3) 2 Hoagland
& Anon il BT (A1), L 172 WP (B2) 5% 1/4
WeRE (B3) A5
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Table 5 Multiple companisons for rooting indexes of hydroponic seedling of C. betulus under
ordinary nutrient solution treatment
AP ol SR e D
factor soluble sugar starr:}? (‘inlt)%nt soluble proteins POD fctiv)ity (;:ogotgactivity)
content content

Al 0.11+£0.01 Aa 2.11+0.19 Bb 36.39+0.32 Bb 103.33+64.23 Bb 35.45+£13.30 Aa
A2 0.09+0.02 Bb 2.59+0.37 Aa 35.45+0.67 Be 241.11+48.07 Aa 25.84+11.89 Bb
A3 0.10+0.02 Ab 2.25+0.29 Ab 37.92+1.30 Aa 124.44+75.18 Bb 32.30+£4.53 Aa
B1 0.10+0.02 Aa 2.34+0.18 Aa 36.50+1.63 Aa 150.00+98.74 Aa 20.34+9.35 Bb
B2 0.10+0.02 Aa 2.43+0.48 Aa 37.00+1.17 Aa 154.44+74.35 Aa 39.19+8.23 Aa
B3 0.10+0.02 Aa 2.19+0.32 Aa 36.27+1.18 Ab 164.44+95.28 Aa 34.06£4.91 Aa
C1 0.12+0.01 Aa 2.25+0.13 Aa 36.89+1.30 Aa 126.67+82.46 Bb 30.47+8.85 Aa
c2 0.09+0.02 Bb 2.29+0.35 Aa 36.03+1.47 Ab 224.44+56.81 Aa 29.44+16.82 Aa
C3 0.09+0.02 Bb 2.42+0.48 Aa 36.84+1.17 Aa 117.78+81.05 Bb 33.69+4.53 Aa

LA SR AR AR Z E L AT 0, BRE I, B
T8 B RIS B 7K 15 1 A K 9B IR TR 7 2 174
W E 1Y Hewitt 38 JHACJ7 (A3B3) o Horbr: AT
WO WM O AT RS H A i POD I PE AN
HRZR G 7150 AT, Hewitt 38 FH BC 75§ £ v] ¥ 1 b &5
W VER AT R R A R, BN T POD
FETFE TR ARG 1, UL Hewitt 3 FH BC 7 A # T
B SRR LR HPua O/ IS 7 RO
FETT AT, 174 ARHR BE A R AR &R % J1 B 38 ;
ME IR pH J7 43 HT, pH 5.5 B¢ pH 7.5 A F] T2
e AT SRR A AT 2 i FEAIK POD T

WS SRR IR | WO RS EA K 15 1 AR AR A
FRERFRAISEE A3 H UL 3 6, 45 L | nl s R A
i 5VER & Z AR W2 AR O SR B TN
PEME 5 V8 AT A B AL DA YRR A i S POD
TR Z [ A A 2 SRR DG U6 T R 1 % i

%6 EAEFRAE TRMISERKSESEER

EIBIEARAR X ST

Table 6 Correlation analysis for rooting physiological

indexes of hydroponic seedling of C. betulus

under ordinary nutrient solution treatment

TR T

o q soluble starch soluble POD oot

hex sugar content proteins activity avtivity
content content

TR B

TN -0.544 %"

AAEEA SR 0.136 -0.011

POD ik -0.407 0.465* -0.516"*

AN 0.282 -0.330  0.278 -0.250

EKEG B RN B A T AT R S
POD I P AEFE 0 25 (AAHOC, Ui Rl s M B i 5
TREE BT BN 5 2 A B VE M S POD A M
FETE R ARG UL Ve R & 1 S5 /K 35 B Bk B i
KR BY], XA E AL,
22 THEFRBAEXNBNBEMKIESEEKH
A1
2.2.1 AR ERIFH LK

LB FRWAC RS, RGN B ELAD 7K 355 1 A 1 1)
JEAETEbR UL 1,

oo AP, Aa 120
7' 11.8
80+ P Ab 11.6
S 3 Be J1a g
@rf 60} Be {12 &<
o £ 11048 2
% & 40t 10.8 £ 3
Z 106 =
20+ 10.4
10.2
0 - - 0
A3B3C2 Bl BHB
AL HE treatment
; 10.6
Aa Aa
z {os  _
g 7 Aa =0 fm
§ § ; 0.4 3 i B
5 Bh 103 ‘25 g
bl %3 Ce lo2 5%\ ff
g E
% 10.1
> - 0
A3B3C2 I BRI
A3 treatment
T3 1715 %8 survival rate; O 1 H 4 1eaf number;

M FHIHIEL average root number; K AR LS fresh root weight,
1 AEEFRXRGMESE AR K & SERN 0

Fig.1 Effects of different nutrient solutions on
morphological indexes of hydroponic
seedling of C. betulus
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A3B3C2 A BT 2 BIAFIE % L BT 1 it
FACS A3B3C2 MM R BRI i
R B 2 (% A3B3C2 1F MR A i
FEe TR AR 1 FERE, L R 1 17
HRER 3 v % FHBC T 2 0TI A L LT 1
(ARG T 55 A3B3C2 & FHBC 7 2 A AR ff i it 0%
HREER, GAEMEER R ARSI ERE,
RIS EA K 55 S A AE T RGO 1 AR (A
SEARECE , KOS BT K 55 1 38 A 7F A3B3C2 i
JAEFE T AR,

222 AARAFIEARAG LR

L FE SRR R b R3S F A 7K 55 1 A
PRSP AL LR 2, & FIBC 7 1 Ak 3 A AT i 1
WS R B ES T A3B3C2 AL I 7 2 A3 ]
WS E, TR 1AM TTREEEAYS
A3B3C2 LI 2 TR A B g 2R,
LHBCT 1 AP POD 151 i & K T A3B3C2 Al
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