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iz e b R R Hon KB RiERBIL [ k] RAAARMITY 5%, RA L(3) EX &,
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KR 2 W 25 BE I B A\ JE IR 9% 4 0 A7 4k B A4
&)y TR 7E S M F R AR
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WE R Ly (3) IE g & it , B E FR W (H
NH,NO;, NaH,PO,+ 2H,0 .KCl1 4% Lt i 1E 4 ) H 59 N
P KJTE & e [ A b 38 2R, KF W3 1, 5 b 3
104, [ — bR 10 4 58— A FE &,
i 300 600 3 SR, AAS AT A g % IR L8 3R 1Y
N.P.K % %13 H NH,NO; ,NaH,PO, 2H,0 .KCI, 4 i
TEME R TR R ER 2 EFRWRME. BB R
RGN 15 dJ5 I b3, 2 5 B0 7 d B 1 IRE
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Table 1 The factors and levels in the test

EiRe Ab N/(mg'L.™ ")  P/(mgL™") K/(mglL™")
1 N,PJK, 150 50 100
2 NLP,K, 300 50 200
3 N,P K, 450 50 300
4 N,P,K, 150 100 200
5 NLP,K, 300 100 300
6 N,PK, 450 100 100
7 N,P.K, 150 150 100
8 NLP.K, 300 150 300
9 N,P.K, 450 150 200
10 CK 0 0 0
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Jit A Ak AR R 55 3 Wi gt (mg)
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i Excel #1780 48 48 11, SPSS 22. 0 #4754k &
1 5 4 FH Origin 2018 R {4 28 47 P (9 22 11 <
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2 HBHREHMH
2.1 FE NP.KAFEXBERHKE MR IRKH
£5

A BE 9 M BE S B s (25.6 cm) , L X R4
(9.87 cm) $2# T 159.4% . MKt & 4 3 9 i K
(19.87 cm), L X BB (10. 2 cm) #2585 T 94.8% . Ab P 2
1) 72 35 B 5 K (0. 8 mm) , Fe Xt B (0. 49 mm) 4 T
63.3% ,Mi4bHE 3.7 .93 K 0. 64 mm, ¥ L XF FE4RE & T
30.6%(F2)(K 1),

F2 AEEELETEKNKS HERK
Table 2 Plant height, ground diameter and root length of

each treatment

Lk 2 R/ em MK/ em A% /mm
1 25.134+1.42® 19.5740.71° 0.5840. 04"
2 21.37+3. 30" 10.9743.37¢ 0.804+0.17°
3 20.37+2.59¢ 11.4041. 97 0.6440.03"
4 25.40+0. 26" 14.4042. 75" 0.6140. 05"
5 16.00+£2. 13¢ 15.03+2. 54" 0.5540. 08"
6 20.07+3. 68 12.2040. 90° 0.5940. 03"
7 20.8340. 65° 14.73+5.08" 0.6440. 04"
8 23.17+0. 21" 12.6041. 05° 0.6240. 05"
9 25.60+0. 50 19. 874 3. 33" 0.6440.03"

CK 9.8741. 52 10. 2040. 36¢ 0.4940.07¢

T PR NG PR RO 2 5 B35 (P<<0.05). T£[F

2.2 AE NP KKEMNDERAEEREZEYR
ER: A
i A Ab B AY 40 B A5 A B R AT T RR (A

1 AEEELETHSHEERER
Fig.1 Growth of seedlings after different fertilization

treatments

2) o A ALELR By AL W fif LG X B0, 048 @) 4Rk T
38.6%~121. 7%, LAALFH 1.4 .9 (i ff T A, 40 BN
0.253.0.315.0.344 g, Mi &b ¥ 6 5 7 W BAL, 4351 N
0.112.0. 142g. Jiti IEJ5 19 25 9 o7 & 1o xf BR(0. 158 g)
P T 76.6% ~ 156.6% , 25 194 it i LA A #H 3 FT 9
&8, 43 9 R 0.517.,0. 503 g, i &b # 5 (19 B K,
0.17 go Tt & J5 @ it & 55 Lo xf B8 (0. 284 @) #& & 1
46.5%~158. 50, M 1Y ff B 4b B 4 19 fe s, O 0. 875
g, M AL F 7 .9 By AR XF /N — 28 4351 2 0. 742.0. 783 g,
Ab P 6 F {04 0. 452 g
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Fig. 2 Effects of different N,P and K levels on the biomass

of various organs of Sophora pseudoacacia
1 /NG FEROR 22 5 3% (P<<0.05)

2.3 AEAEMARLSEKEEEERRENXER
2.3.1 RAMKESZT ISR HANWAEKERE
HNFESTRAEMKBANSERET TR RE B
K FR S G i AN ) it HE T B A B ) 2 1 45 R R T I
W 1 G S AN T R 0 3 TR AR E O AR >
2K AhPE O (R RE R W S T IR(9. 202 mg/g) .
5 it I Ak 3 e AR N R R 2 LR R (3. 205 @)
BT 5.9%~38.3% , A BH 4 R 9 AR B A IR 5
e, o3k 6. 534 mg/g Ml 6. 802 mg/g. 4% il AE kb Hit
TR B E AR (2.831 @) T 11. 1%~
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28.1% . AbFH 9 & A KF| T 6.455 mg/g.
25 it I Ak BT IS 0 R X R (30166 @) i T
5.5%~53.9% , Ab PR 4 F1 9 1 H A 4 10 B 2R
K, 44 6.366.6.670 mg/g. AbFEO MR FE ARI 25
TR RS R 2 B, BIAE NLPLK REREBE L 4 T % T
W AE ML N TR LR A (&1 3) .

25 O m2 mnt

A==
T =1

20 - b

. a
1Y) e d d
g 15 ~ h I c a
=10 | g . [ i ! i
4o e c
e e ﬁ
0 L L L L L L L L L J

1 2 3 4 5 6 7 8 9 (K

Qb

B3 NTZRAEEKERBETHNSE

Fig. 3 Distribution of N element in plant organs

2.3.2 BEHMKAEZRE YR BUZH IS
SR 2R R B RIS R A kA RN, AR ) 1

K& B RUH WA R A HE AR U B A A A M 4 T
HhfG 0 TE e PRI R MR > 25 > i O [ it A Ak B A
R 0l 349 R X B S ] it IS Ak B ) & AR S
FRor S X IR (0. 472 @) #E R T 13.6%~120. 3%,
Horb g A AL 4.7 .8, 0 S F] T 1. 040,
0.987.0.853 mg/g. A I[a)jifa N 4b B i) 0 A6 B BT 25 5
B 35 43 & B L %R (0. 378g) 4 15 17 39. 4% ~36.5%,
b B 47 B R RCE L 20 ) 0 1.045.0. 881 mg/g.
N T i A Ao 3T AR R i 0 8 AR BR R xR 0. 342 @)

B9 49.1%~148.8% ,4b B 4 S I L il 22, ik %)
0.885.0.821 mg/g(&4),
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Fig.4 Distribution of P element in plant organs
2.3.3 AMEMKERET TR PEMBIENT
= AR T 1 Ak T I R T B i A R A RO
VEF 25 B0k 7 70 vl i, AT i e A R v B 1 4R R K

JF o R, DA 25 HLA B BB R A AR R
@5ﬂ%tﬂﬂ)iﬁ%ﬁﬁa*%ﬁ?lﬂ@ﬁ@ﬂﬁ\ﬁiﬂﬁjﬂﬁ>
M=>25 Ab P57 .8 9B BRI U R F i TR
41 (12.531 g) , 4r 5l S 28.987. 32.964. 31.848.
35.960 mg/g. 4% Jifi JE Ab FH 1Y 4 2% AE AR AR AR T 0 BB
%%ﬂa‘ﬂg(ﬂf 256 g) i 53.4%~123.3% , Hd kb 28 9
B & B L ik 8 12,058 mg/g. A [A] it AE 4L BROR 72
i%%m%éﬁﬂ@@%ﬂ%gtbﬁﬂﬁu 07 @) w1
52.9%~131.8% , kb B 7 F1 9 75 f x5 , 15 5 10. 907
11.876 mg/g. Klﬁ]ﬁ@ﬂﬁﬁﬁ?@ﬁz%@mﬂfﬂ@%ﬁﬁﬁ
H e TR X IR (4. 205 g) @ 51, 2%~105. 9%,
Forp ab 7 RN 9 B R e, 43 il oA 11,018, 12. 026
mg/g(5).
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Fig. 5 Distribution of K element in plant organs

2.4 AEIEBFERILNRERSEZHERNZM
RS 37 73 1) W AR 2560 37 53 1Y e dz HR AE 401 B Y

AR bR AR WG R R A Y
Wi o LB BT L A AR A Y H BT A5 A B 4
Fe oy TR B A 45 Lok B A Re v b AR AR 4 Y AR K
e HEAE R, N Y 5% i3 20 38 (3520~12000) B 1L P
(31%~69% ) F1 K(33%~94% ) B i, %% 18 50 R F Ik
P o 5T JIE A B A R 1 AU 8 R ) B L R
T, A S L AR A(NPLK,) T, N 3 is 80R i
L, e IR A R 85 %6, 15 12096 5 £ K i %8 50K |
HA A 1.2.4.6 & T4 R, #% 12 %508 53 1) 35 2
68% .79%.91% .94 % , 43 4 & T 3% . 1490 .26% .
2950 s AL B 8.9 (1 P &% iz R0 L X BRZA IR A B 42, ifi Ak
I KEBHEG T HMAR, lLCKER T
34% (£ 3),

2.5 AREEBMEELL X EBEAAERAZMm
ASTA] b BN B A 3 AE 13, 1% ~38.9% , b i 4

(35.9%) .7(33.1%) .9(38.9% ) Fl FH #4525 ; P 1y H
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*3 AEEMLENFSHEHENTMD
Table 3 Effects of different fertilizer treatments on nutrient

transport efficiency

Ab NIER R Y P ¥ 36305 % K 38305 %
1 7742. 43 69-41. 65" 6841.63
2 88+1.63° 5241.63 7942, 45"
3 5641. 64 5342, 43" 45+ 2. 44
4 1204-1. 63" 49+1.66¢ 9141. 63"
5 66+1.63° 5742, 44" 334-2. 468
6 10940. 82" 554-1. 64" 94+1. 63"
7 4241, 64" 524-1. 62" 5041. 66
8 39+40. 81" 341.65° 5342, 45%
9 4941, 62¢ 3140. 82° 5641, 67¢

CK 3541.65 35+0. 81° 654247

R5 BERSBFERRE

Table 5 Explanation of total variance of each component

o 0 o 5 A AL IR T7 AT

ot R/ BBUN% wit iR/ BBUX

1 1.711 38.54  38.54 1.711 38.54  38.54

2 1.478  26.41 64.95 1.478  26.41 64.95

3 1.257  20.46  85.41 1.257  20.46  85.41

4 0.968 10. 65 96. 06

5 0.439 1.17 97.23

6 0. 347 0.85 98.08

7 0. 265 0.76 98. 84

8 0.185 0.69 99.53

9 0.143 0.47 100

*®6 AEN.P.KELLEBEEES

Table 6 Comprehensive scores of different N, P and K ratios

R AE 17.2%~49.7% , H v 4b B 4 (49.7%) . 6
(35.1%).7(39.7%) .8(36. 7% )% & s K 1 F) F % 18
17.7%~62.3% A #L 9(62. 3% ) e (£ 4) .

F4 TELEMHZESFIAER

Table 4 Nutrient utilization rate of different treatments

bR N AR Y e IE
1 24.3 17.2 23.6
2 22.7 26.7 25.5
3 13.1 10.7 18.6
4 35.9 49.7 33.3
5 11.4 27.5 43.7
6 23.7 35.1 17.7
7 33.1 39.7 54.3
8 23.1 36.7 51.3
9 38.9 28.2 62.3

2.6 ZESW

i T 25 B4 43 T 3 o AR 11 45 30046 AR E AT 25 A
A3 AT T £ A5 43 e U)X A ke A A K AT R L 4 IR
ST R L RT3 LR A R AR B9 AR AE A R T 1(L. 711,
1.478.1.257) , 5T Wk % 43 5l 35 2 38.54%0,26.41% .
20.46% , BEUAE] 85, 41% , KX 345 A Fa bR AT LA
R R BT S bR 85. 41% AYfH B (£ 5) . A 9 175
Iy B HER A 1, B NGPLK, b 315 1 B A0, 0 b 2 i
AR A FI(FK6).

fib 3 PC(1) PC(2) PC(3) eyl HE#
1 0. 694 0.516 0.712 1.922 9
2 0.711 0.488 0.824 2.023 8
3 0.773 0.852 0.619 2.244 6
4 0.784 1.079 0.807 2.670 2
5 1.084 0.665 0.643 2.392 5
6 0.835 0. 506 0. 868 2.209 7
7 0.966 0. 899 0.766 2.631 3
8 0.985 0. 594 1.008 2.587 4
9 0. 859 0.883 1.035 2.777 1
3 itie

AT 5T B, 4y 1 300 40 o i AE Ak B BE AR 1 D A AR
(A K, T LR Sk o 1 O B A TR Ol 3 DA
H0 it A Ak X S 40 B AR (FL R A 1 AR K
S AN TE ST fF R O I, 46 T S 4 25
W E ST CK, Xy B & 1 76. 6% ~156.6%,
GAB W AER P E D KR A BT
2V 2 3k i MR Ak R X - R 4 A R KR X — 2
W5 — AR AR KA — B

4 T EE A ) B 2 D A R 4 G AR R
WENMFES R R AL, AR SRR 4k
LA A B N o EEALEE AR > > 25 P 1Y 43 B AR
AR >ZE> 0 KB B AR > > 25 T itk
U0 45 R 55 3 b el 0y it A 3 56 45 SR — 30

AW TR R A A2 — 80, T g2 3
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P oC 2 A2 AR5 o B A SR 56 8 A R O
SR B BT A5 B 45 R FUR TR T RN A
SE 4R U6 0 7 BT I 3 06 48 Rk — 2 I LA BRAIE , I
PRI B B 00 e, PR 0 S 300 34 T o 0L I AL
N 17 2 e 30 493 A5 LA L o i AT P

AE % L1 0 A M 4y T 10 3% 43 T 32 80 I 1] 2 3 Y
IEAS A b 3 R[] (4 3% 00 K e B b 2R
25 [ 5% 50 B 3 R T B 3 AR X 3R 3 A R
LYK D9 B 35 43 SR 15 ZE AR IR B0 v, AR 3R 4 PR 2R
R A it A Ak B L B R R R L S R B ST
E/NBR A I A B g A5 R — B

&)y T % U R 236 e (B A ) 38, 9 %0, it FIE i
I B NG 7K P B Y R 3 B i (B 49. 704, i HE 7K
S i (B Py, BB T R 19 B 2R K3 A it FH =
e A L B B R R R O 62. 3%,
Jiti A k> K, KPSk v e A . 35 AR SR X
) 7B AL A B g 4 R — 0, U B R X 3R
O el N D N i N S [ I
SRR I A AR R I A A Y A K b i A
DA AR o 4l v % o R oy 2

4 it

A XS A MY B A AR KOS O LR
BRI B ERRIEAT T L6 00, 40D
NP, K HC H , BIVEU G 450 mg/ L Biiti 9 150 mg/LL.
P B 200 mg/L VA W #=9: 3 4 B BbAE M4
1 A ORI S A
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Effects of different N,P and K levels on growth and
nutrient transport of tissue cultured seedlings of

Sophora moorcroftiana

TANG Zheng-chun"**, WEI Xiao-hong"*"
(1. College of life science and technology , Gansu Agricultural University, Lanzhou 730070, China;

2. Key Laboratory of Crop Science in arid habitats jointly built by provinces and ministries , Gansu

Agricultural University,, Lanzhou 730070, China; 3. Key Laboratory of Crop Science in
arid habitats , Lanzhou 730070, China)

Abstract: [ Objective] Sophora moorcroftiana serves multiple purposes, as it is not only an important medicinal

plant, but also a preferred crop for wind-break, sand-fixing, water and soil conservation and an ornamental plant. To

determine the optimum ratio of fertilizer application, this research investigated the effects of different ratios of N, P

and K on the growth, nutrient accumulation, transport efficiency and utilization of S. moorcroftiana. [Method] In this

paper, L,(3") orthogonal design was used for tissue culture and propagation of S. moorcroftiana. This study examined

the effects of different levels of N (150, 300,450 mg/L),P (50,100,150 mg/L),K (100,200, 300 mg/L) on the

growth and nutrient transport of S. moorcroftiana. [Result] 1) Fertilization had no significant effect on the diameter

growth of S. moorcroftiana seedlings. However it increased the height of seedlings by 18. 2% ~61. 3% compared to

the control (CK). Moreover, the biomass of roots, stems and leaves of seedlings significantly exceeded that of the

CK, increasing by 38.6%~121.7% ,76.6%~156.6% and 46. 5% ~158. 5% respectively. 2) Different ratios of N,

P and K affected the accumulation of nutrients in different organs of S. moorcroftiana seedlings. N;P;K, treatment sig-
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nificantly increased the nitrogen content of in S. moorcroftiana seedlings by 116. 6% . N,P,K, and N,P;K; treatment in-
creased the phosphorus content. Furthermore, the K contents in S. moorcroftianaincreased by 149. 2% and 119. 7%
treated with N,P;K, and N;P;K, respectively. In addition, and the K contents of in S. moorcroftiana increased by
163.1% and 186. 9% treated with N,P;K; and N;P;K, respectively. 3) Under the treatment of N,P,K,, the transfer ef-
ficiency of nitrogen reached 120% , phosphorus reached 69% under the treatment of N,P,K,, and potassium reached
94% under the treatment of NyP,K;,. 4) The highest nitrogen use efficiency was achieved with NsP:K, at 38. 9% , the
highest phosphorus use efficiency with N,P,K, at 49.7% , and the highest potassium use efficiency with N,P;K, at
62.3%. Conclusion: Principal Component Analysis (PCA) was conducted to analyze the effects of NyP;K, on the
growth of S. moorcroftiana seedlings. [ Conclusion] The treatments of N;P:K,, P 150 mg/I.,K 200 mg/1.,and N: P:
K= 9:3:4 were determined to be the most effective.

Key words: Sophora moorcroftiana; tissue culture seedling sgrowth and development; nutrient accumulation;

transport efficiency ; utilization rate ;nitrogen ; phosphorus and potassium



