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Effects of Different Soil pH and Ratios of Ammonium to Nitrate on the Physiological
Characteristics and Nitrogen Contents of Various Organs in Cunninghamia lanceolata and
Schima superba Seedlings
YU Jia-xiang, WANG Li-dong,LIANG Hai-yan, WANG Yan-ru,QUAN Xiao-qiang,LI Xiao-yu, YAN Xiao-li*

(College of Forestry,  Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: [Objective] In the context of soil acidification and nitrogen (N) deficiency and the intensification of heterogeneous
distribution environment, to investigate the effects and differences of different soil pH and ratios of ammonium to nitrate on the
physiological characteristics and root, stalk, and leaf N content of seedlings of the subtropical major coniferous tree, Cunninghamia
lanceolata , and broadleaf tree, Schima superba, which can provide a scientific basis for the screening of the optimal environment for
the growth of the two species in soil pH and nitrogen form ratios. [Methods] In this study, two pH levels (pH;=4.5 and pH,=6.5) and
five ratios of ammonium to nitrate (NH;™~N : NO;*-N 1 10: 0,7 :3,3: 7,0 : 10,5 . 5) were used in the simulation of the nutrient
environments with different pH and ratios of ammonium to nitrate for the seedlings of C. lanceolata and S. superba. In order to analyze
and compare the differences in physiological characteristics and N uptake and utilization efficiency of the seedlings of the two species,
we used the following methods. [ Results] (1) Under the 2 pH treatments, the MDA content, SOD, POD ,and CAT activities of C.
lanceolata leaves and POD activities of leaves of S. superba seedlings showed higher levels at pH=4.5 than at pH=6.5. Under the five
ratios of ammonium to nitrate treatments, SOD, POD, and CAT activities increased with increasing nitrate-N concentration in the

treatments for C. lanceolata, and with increasing ammonium-N concentration in the treatments for S. superba. (2) Under the two pH
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treatments, pH=4.5 significantly inhibited the activities of the key enzymes of nitrogen metabolism GS, GOGAT, NR and NiR in C.
lanceolata and S. superba, inhibited the assimilation and utilization of ammonium nitrogen and uptake of nitrate nitrogen by C.
lanceolata seedlings, and inhibited nitrate nitrogen and ammonium nitrogen uptake by S. superba seedlings; and reduced the total
nitrogen accumulation in the organs of the seedlings of the two tree species. Under the three treatments with the ratios of ammonium-
nitrate nitrogen of 10 2 0,0 : 10, and 5 : 5, the single ammonium nitrogen treatment significantly increased the GS, GOGAT, NR, and
NiR activities of C. lanceolata leaves as a whole compared to the single nitrate nitrogen treatment. pH=4.5 level, the GS, GOGAT, NR,
and NiR activities of S. superba were higher in the single ammonium nitrogen treatment, and pH=6.5 level, the Single ammonium
nitrogen treatment increased GS activity and single nitrate nitrogen treatment increased NiR activity of woodhorn. The ammonium
nitrogen content of C. lanceolata leaves was higher than that of higher ammonium nitrogen concentrations at the higher nitrate nitrogen
concentration ratios, and the nitrate nitrogen content did not differ significantly among ratios; the ammonium nitrogen and nitrate
nitrogen contents of S. superba leaves as a whole were higher than those of higher nitrate nitrogen concentrations at higher ammonium
nitrogen concentration ratios. (3) Nitrogen accumulation in the organs of C. lanceolata seedlings was greater at higher ammonium
nitrogen concentration ratios, while nitrogen accumulation in the organs of S. superba was greater at higher nitrate nitrogen
concentration ratios. [Conclusion] The pH=4.5 of the cultivation substrate was unfavorable to the growth of C. lanceolata and S.
superba seedlings, and the seedlings of the two species showed different nitrogen uptake preferences during cultivation, i.e., the high
ammonium nitrogen ration was suitable for the growth of C. lanceolata seedlings, and the high nitrate nitrogen ration was suitable for
the growth of S. superba seedlings.

Key words: Soil pH; Ammonium-nitrate-nitrogen ratio; Physiological properties; Nitrogen content; C. lanceolata ,S. superba;
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2013) . WAL IR L OERSE, 2015) , W2 AREREAAAIE N R KW E 2, M a2k
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1. 2 IRt

IR AR R AT, AR B E A pH /K F, 25108 pH=4.5 Al pH=6.5, i8I ALH| HoSO4
BN NaOH V0 Vb 3520 pH. W E AN AT S AR B (NHs-N  NO3;™-N) &#: 10 : 0.
7:3.5:5.3:7.0:10. 353t 10 NMbHE, FANMEHEEE 6 IREE. WM 2021 4 4 A LRI, S
JERF5Ad B 1 E IR, Bk 50mL CRMEHEEE, 2022) ; £ 2~3d B 1 kK, HR 50~100mL (%457
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1.3 MEIEIRS %
1.3.1 & =B &2 fe L 8B F M A0 2

K FH A A AR ) AR A ST R AR S e 2 ARG R T S E AT R . R
FIEMET BN N (MDA) &K TBA VENE; HBAEYBALEE (SOD) % 1t K 4 Y e
(Nitro-blue tetrazolium, NBT) i&JFiEMNE; TAMAYEE (POD) &M KA @ AIAR L LN E; S8k
2l (CAT) JEMER FH S AR SGE I €
1.3.2 REBMK G FIiL L 58 F P a9 2

2 AR PR EOE RS (NR) - BER A (GOGAT)  WHSEIEREE (NiR) A2t
Ji BB (GS ) ¥ SR T B 2 W o0 ¥ 0
133 s R MERESZHN E

KT EBHEEMHEARF IR JHAFIGNE 2 MFIER . 22, HRESE. AR SENER
SRR, BAASENE: R 0.1 g FrEfFEA, N | mL32BOR (FEAE: SEEORAEFN
1:10) , =EEA¥E, T 12000 g, 4CHEL 10 min, B EHBR, FEERSGHT K E 625 nm 3E47
o ARG REIME: FREZ 0.1 g Brisf YA, A 1 mL 280K (FEARRE: MRS 1
10) , FEAFKEET 90 CHEE/AKBHHIZIE 30 min, HIFIAW R 3ok BT 90 CHEE #E R IR HEE
30 min, fFAEET 25°C, T 12000 g &0 15 min, U E3ERL  FIBEEARSCHE TR K E 410 nm S TIE .
1.4 BB

K SPSS #AF AT R R Z M, K3 AH pH 25 AR A A b 158 A F X8 A A AR A PR 4
PRAVE R WOSCR F 52, SR H 3R ANOVA K58 73 55T 2 ANBEFRLEAS [F) A BR8] (14 22 52 3347 20 b, B FH
Microsoft Excel 2019 F1 ORIGIN 2019 #1745 5 BRI [ R 22 1] o SR 3 & sR B0 2 M FREAS ] pH 2% 4F
T HEBARAR AT VRN
2. ZR50
2.1 I[E) pH B MEHS RN ZAMAGTLEH AR B 2SN N

M 1 a[%n, ANEL%E pH AF FEAKH B (MDA) SEZAERLE, MARK MDA 582
) JC 535 2 5 ANE R4S LA HE R KRBT MDA B2 A1 Z 253, MAZAMK MDA & &2 8L 5%
Ze 5ty LI pH FVEAHAC LE 22 BAE S AZARFIAR AT (1) MDA £ 870 8. E 520

1 FELIE pH FIELAES REC L A2 AR FAR TSN ERT A MDA & EF2 A NE R 7
Tab.1 Two-Way ANOVA of the effects of different soil pH and ammonium to nitrate ratios on MDA content
in C. lanceolata and S. superba

/71( =
= 1 A Auf
C. lanceolata S. superba
Factor
F P F P
pH 20.922 <0.001%* 0.177 0.675
HHASRE L 0.710 0.589 6.275 <0.001#*

PH >4 Al 75 2 AL b 0.244 0.912 0.650 0.630

Ve %, P<0.05; *x, P<0.01,
Note: *, P<0.05; **, P<0.01.

K 1(a)nl WL, AZAKHK) MDA & &7F pH=4.5 /K F 2Em T pH=6.5. 2 4> pH /KT F, FAKM MDA &
AR RV FE SRR E R AR & T S SRR R AR, 2iEZS N AAEER 0 0 10 BC LA &
A NIWKER 3 - 7R IR MDA &4 9 b HAd 3 MECELE H 5.5% ~ 27.1%F1 5.1% ~ 26.7%.
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K 1(b)rl W, ARATH MDA S &EFHA pH K F N EREZEZEZR. WA pH /KT, KK MDA & &HFM
NTER LA NIRRT 10 © 0 A1 7 @ 3 FCEL N TR NS N IRER 0 0 10 A1 3 1 7 BCLb o AR H MDA &
BIIE 3 L7 R,

oo ]7: s@Ms:s_13:7_Jo: 10

.‘_E] A C. lanceolata AAaf S. superba
= 70F(a)
=]
; §
0 = 60f
& 250 bAali\bAa Aa
= 8 =
o Z40[H
= S
~— —
}Izl 520y |
S 10H |
2 :
ER e 0 :
g pH4.5 pH6.5 pH4.5 pH6.5
pH Levels pH Levels

1 6 pH FHFRHSRECLE TR ARMAGSE AR _EaE
Fig. 1 Malondialdehyde content in leaves of C. lanceolata and S. superba under different pH conditions and ammonium to nitrate
ratios
s AFRKE FREORTE A B HLA B R AN pH /K 2 ()22 57 3, /NG T RFFRORTER] — pH KPS A B M HC PL AR B2 A2 57 S5 3% (p < 0. 05) 6
Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while

lowercase letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).

2(a)r W, FEANFEIR pH 25 A EAS A EC L AL PR A2 K ) MDA & & 34k 115 T R ) MDA & &,
fE3: 7R 0: 10 BCLL N WM R 2 (6] MDA S =Z R 2%,

A A
E 60p(a) E 501 (b)
E ns sy % ) .
ﬂihEH \%50 -_I_ns ns i iﬂ{ﬂ 540_ ns ns ns s *
g1 — I I
~ g Pl
g §40 g 230_
= S 30t = S
& —g. 1 Fsa < 20
B @20 g
= 2 10} . = 210t
2 3
g c
S 0F o Qb
‘23 10: 0 7: 3 5:5 3:7 0: 10 § 10: 0 7: 3 5:5 3:7 0: 10

pH=4.5 pH=6.5

2 AN pH 25 B A28 ZRURC EE T I FATA I B AEAS AR A [ ) 22 5 2 A
Fig. 2 Analysis of malondialdehyde content of leaves under different pH conditions and ammonium-nitrate-nitrogen ratios between

C. lanceolata and S. superba

976



55 )\ Jaeh E ROl 2 ARR 2 S15 I 23

2.2 IN[E] pH - FNERAEZS RECLE X H2 R A AR s B i S AL EE M RS20
F# 2, 13 pH X A2 A M) SOD. POD #l CAT iEHEBH K EE (P<0.01) 820, XA K SOD
F CAT W TC R 3E 0, SR ) POD WG TEA R (P<0.01) Ml A8AC LLXTAZ A ¥ POD #1 CAT
TEVEA IR W, XORT POD iEVEA B350 3% pH MIEIH IC EEMAZ R POD F1 CAT W& 1A
W B E AT HAR RS, XA SOD A POD ¥ A 5 2 42 T A F S
R 2 TR oH FERARS REC LI H2 AT S 1tii§9ﬂl‘]ﬂ’\]$l)l§ﬁ$ﬁ
Tab. 2 Two-Way ANOVA of the effects of different soil pH and anmonium to nitrate ratios on antioxidant enzymes of
C. lanceolata and S. superba

b . . + 43 pH><EZ AL
Lk 53 15 pH B P
Tree [
: Parameter
species F P F P F P
AR ALY E LB SOD 22463  <0.01%+  1.844 0.135 0.700 0.596
C. LA Il POD 109.515 <0.01#** 14.091 <0.01** 10.500 <0.01#x*

lanceolata HAEMEAN CAT 148.925 <0.01#* 26.927 <0.01** 3.975  <0.01#=*

HEY)E LB SOD  0.124 0.727 0.856 0.497 3.372  0.016%
LAYl POD 25.620 <0.01**  6.061  <0.01#* 11.922  <0.01#x
AN CAT 0.949 0.335 0.393 0.812 1.397 0.248

VE: %, P<0.05; =%, P<0.01.

AR A
S. superba

Note: *, P<0.05; **, P<0.01.

221 TF) pH etk Fo s sl & BB LA AS R fo R AT 40 W 30 8AC B 7 M 69 %ol

Kl 3(av o e)Fl L, FHAMEAHECLLALER FAZRI SOD. POD. CAT &1 II1E pH=4.5 W ffm, 1E
pH=4.5 JK-F FAA K SOD. POD. CAT & HH7E 0: 10 FCbb N, 43 b fh 4 AN bG8 v
13.3% ~ 88.1%FLH POD Fl CAT & PEIR I A BEE S EIRE WA T & . 6.5 1 pH KFETR, AN
CAT JEPETEAS [ B A TC U A3 R 2 I B o5 Al 25 S0 B (1 7 s 1T T v o

Bl 3(bs dv DAL, 24 pH K NGRS ZIRER 3 07 A1 0 & 10 B NAAT ) POD V& PELE
pH=4.5 ¥ TS, HRBIEANF pH K FZMERAEE. 4.5 1 pH KFF, K SOD. POD.
CAT 1EME#AR F RN & A ZWRE R EFm BT 6.5 B9 pH KF T, A SOD £l CAT i P4 # 44
T RIUNBE B SRR LT R R, 10 00 BLbL R AT SOD &1 Le HoAth 4 AN L =i 6.8% ~
21.0%. AP POD IGEMEAER E A N WRER 0 0 10 13 & 7 BLH F8US, 40 B HeHAd 3 ANES B B %
31.8% ~ 41.1%K1 47.3% ~ 54.4%.
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800
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3004
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350
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pH Levels
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Aa

K

pH6.5
pH Levels

3 T[E) pH K H-FNERIHS RECHL X H2 KT AT 4 E I 5 #Y SOD. POD. CAT SEMERISINT
Fig.3 SOD, POD, and CAT contents in leaves of C. lanceolata and S. superba under different pH conditions and ammonium to nitrate

ratios

W ANFEKG T EERIRAE R — S C U ACEE NN pH KT 2 MR B2, NG FRERIRAER — pH K P AR LA B2 M Z R 82 (p <

0.05) .

Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while

lowercase letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).

222 RF) pH At Fo e rl & RELIL T A5 Ko R AT 40 8 30 FAC B & M09 £ F 0 A7
HE 3 AT, KA SOD JEVETERAS pH /KF R4 M TA2 A SOD i& ;s B #h1) POD V&1 7E pH=4.5
KPFFEEZEZER, £ pH=6.5. HMAERB LN 10: 0. 7: 3. 5: 5 KA T LI A KK POD EME K
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FARAG, 1F pH=6.5. BAEAREC A 3: 7. 0: 10 FIAEE FRICAARM K POD iGH K FAKR; HEAK
CAT VETHELEM A pH /KFF 3 835 i T AR 1) CAT & 1.

itz b
58007 (a) e (b)
#+ 2 [ P = S 7001 wux ke
2700 2 o
g ok 5 =600} * .
A E600F = ns o E
% g 500l . % g 5001
. =g} [
E Lol g Zuo l
= 2300 = 300} |
ESgES £
< 2200} = 32007
W % E ¥ i
B %100- e %100
£ £
» 10: 0 7: 3 55 3: 7 0: 10 n 10: 0 7: 3 355 3:7 0: 10
pH=4.5 pH=6.5
(© 4007 ()
- ~400¢ ns s .
£ w ns ns = 1 _I_w<
== ns * £ 23001 Im ok ns
g =300} S 5
£z £z
E Zo00} 2 220
g g T g I
S £ Sz
W EIOO' f—’ 5100-
,‘.’—g D? "'—! lgj
0 ok
10: 0 7: 3 55 3:7 0: 10 10: 0 7: 3 5:5 3:7 0: 10
pH=45 pH=6.5
(e) 701 (f)
100- WRK -
* - sk & ﬁéﬂbo-
FL:_’ =0 R0 e H‘g ?050
E e o e 2
< 2 < =
U S 60} C S40r
&g g 5
3 sl K 5301
ad A N
=@ = St
¥ & 3
2 I U 10}
0 0
10: 0 7:3 5 5 3:7 0: 10 10: 0 7:3 5:5 3:7 0: 10
pH=4.5 pH=6.5

4 A[E pH TR AEAS RECEL RRTH POD. SOD. CAT SEMZAEFS AR AT E B HE F 4
Fig.4 Differential analysis of leaf POD, SOD and CAT activities between C. lanceolata and S. superba seedlings under different pH

conditions and ammonium-nitrate ratios

2.3 [F) pH R MEEHS RECEL 3T A2 ARMA TS RS X B EE AT

& 3 0L, 3 pH S ARFARMA A EIR S K (GOGAT)  WERIEJEEE (NR) FIEANER
WIREE (NIR) WG VESS AR E W, ARG A RWIE G i (GS) WM AW EE m, XA
T GS TEPEE WE R BRI LA AR RS # T GS. NR FI NiR VG PR B35 50 m, X 42
KL GOGAT & TS 2 5m, X ARG LI H I GOGAT & M M i 2 52 mi; 3% pH AR C Hb Xt 42
RYFE P GS. GOGAT F1 NR iG R A BEMAZHAEM, MRS ) F) GOGAT. NR Il NiR B A2 3#
22 HAER -
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& 3 [E)11# pH FNERFHZASEECEL 342 AR RIS A i < SRRE FE 1 R2 N0 AY U 3= S04
Tab. 3 Two-Way ANOVA of the effects of different soil pH and ammonium to nitrate ratios on key enzymes in nitrogen
metabolism in C. lanceolata and S. superba

s - pH il L8 pH<E
S - % p B L % pH > AR AC EL
Tree species Parameter F p = P F P
/\/=‘@ 3 A ‘@‘
B4 f‘ﬁit; THIE 5740 0006w 24187 <0001+ 3651 0038
B AR A H
41.480 001 2357 0112  3.599 04
ok GOGAT <0.001 %3 0.040x=
C. lanceolata MR I8 Ji
ﬁﬁﬁﬂNf@* 65170  <0.001## 15.893 <0.001%* 4.726  0.016%
DIRTETS
ﬁ%m . 18.911  <0.001%+  14.983 <0.001#+ 1767  0.188
IR A Ttk e O b
ﬁﬁ@ﬁiﬁ; TRES o 1es 0012+ 17.024 <0001+ 3214 0.054
N TR
N R R A P 24.067  <0.001%x  10.057 <0.001%* 50928  0.007x*
At GOGAT
S. superba HIRIE Ji
up Eﬁﬁa@ﬁ?@i 56.472  <0.001xx  33.321  <0.001x* 24.091  <0.001x
L B
m@s:@ . 56.981  <0.001%x  8.448  0.001#* 23.652  <0.001%x
|

E: %, P<0.05; #x, P<0.01,
Note: *, P<0.05; **, P<0.01.

231 R 23 pH Ao sl & RBCLAT A K fo KA et B 5 R BLBE & B (GS) « SR BR A B (GOGAT)
B R R E (NR) « BAEBRERE (NiR) Fihtd%h

5H M, 505 LB RS ARFIRSGT I GS FEHELE pH=4.5 /K1 F ¥ BE(KT pH=6.5 7K, 10:0
A0 210 BLEL R 2 AMFEAR GS VETELE 2 4 pH K P2 EF AR E .

5(as cv ev @A, 24 pH AKF R RIS E I AL, A2 A GS. NR. NIR j& 8k 5%
MWA: 10:0>0:10>5:5, Hr, pH=4.5 KFF, AR GS iHHELE 10 © 0 A bt ALFE T HhHAD 2 AMAC
Ebmith 15.1% ~ 55.4%, F2AKH GOGAT #EPEAE 10 © 0 Botb &, kb 55 /100 10 iCEtL B &
12.8%F1 7.2%. pH=6.5 K°F-'F, A2AHK) GS iEHELE 10 ¢ 0 Fo bk N EedAh 2 AMECEE R H 9.8% ~ 19.3%.

5(b) (d) () ()" W, +3% pH Xt 10: 0 FRELACEE B RS 2T 2 Qi S B lS P TC B 5
Wi, 5: 5 0: 10 AECHHAC EL AL N AT (1) BT DG BE RS 1 7E pH=6.5 7K T R . pH=4.5 /KPR,
RFFLEH F I 4 FhEACE S S R A 10: 0 TEEL B3 m T HARAC L, pH=6.5 /K F R, AHigh
B0 GS T PRl A AL PR A A R B B T, 1T NGR I T D) i o Ak B v i S AR FE I e T
FriE. GOGAT FI NR i PEAEAS [F] B Al C LU Ab 38 R 0 B35 22 % o
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Fig. 5 Key enzymatic activities of nitrogen metabolism in C. lanceolata and S. superba different pH conditions and ammonium-

nitrate nitrogen ratios

FE R K o R ) — BRI L AR R R pll K2 5 %, NS S RERAER — pll K P AR SRR 2 [ 2R BE (5 <
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S15 M H 2 2

0.05) .

Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while

lowercase letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).

2.3.2 RE) pH &4k Fobiml 5 RECHL T M AFo KT 4 SR A4 B8 H 09 £ F 007
HE 6 AT L, KR4 H A IS @GS R (GS) « BRI (GOGAT) . NfRIE JFEEF (NR)
AP AEERIAE JEEE (NiR) 36 MEAEATF] pH 2514 s il A R EL AR B R ¥ K T2 R4 -

e ENG
50 O (b
w2 i = 30f
i ‘;40 f y sk
5 z 7 Z40f -
F 830 = 8 ns
£y = 930}
= = = o I I
£ 220 NP | !
== = @
& B0 W 210t
& g &
20 =2
o 10:0 55 0:10 o 10:0 55 0:10
pH=4.5 pH=6.5
=100 (e) 2@
#2 , #2100}
| 2y 30 bk ot
= & =~ = sokok *
= <z s0f :
U o o 2
S 2 60 ns o o
2 7 I 2 % eof I
& 5 1 F S
= 7= = 2
=2 £ 40 =2 5 oaf
\’5 =) f(-u =
&3 &3
:|'E7. é 20 = ; 20}
& = 0 @ g 0
= 10:0 5:5 0:10 2 10:0 5:5 0:10
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~~2007 (f)

# 2
H1 2 150F
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E o 100}
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EEs
€ g
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=~ (2 ~30
-~ -
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= o = o
g% £ 32
& £ =
E Es £ 8,
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4 3 * M 5
= 210 :,3 S0t
=3B =8
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Fig.6 Differences in the activities of key enzymes of leaf nitrogen metabolism between C. lanceolata and S. superba seedlings under

different pH conditions and ammonium-nitrate ratios
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2.4 [E) pH FHMEEHE L F AR AT E RS EHEN
241 R F) pH Ao b 2l B VLT 45 Ko RAT 40 W 4 S BB 289 %R

F6m W, AFETEpH AHE TR, 2. HHESE (NHS-N) SEZAFEREE (P<0.01) %
St AR NH-N S B2 AIHREE R, Tﬂ’fﬂé@attw%?#ﬁﬂﬁﬁ NH,-N & & Z 7%
(P<0.05) , ARAFHA NHa-N S 8H BE£5; T3 pH AR L AR R A NHa N S8 H 5%
(158 FLAE FH 5200 o

FATM, 240 pH KPR, SAZEEH NHS N & ERRIN pH=4.5 KFBEFH T pH=6.5 /K
P RAF 2RI NH N SR pH A3 T EREZR, 1008173 @EHﬂ:E’ﬁE NH4™-N &%

BN pH=6.5 /K FREmT pH=4.5. 3. 7F0:

10 BCEE T B AR FOAR NH4*-N &

=, 1000 A1 7 03 FEEE R BIARAT IR NH4H-N & & 1E pH=6.5 &3 N & .
pH=4.5 )K°FTF, A& H%ﬁﬁﬁ@atmﬁixﬁzmﬂwﬁ

FERW, ARG NH N T RAE 0 0 10 ALt Faesr, 76505 R i/h; pH=6.5 KF T,
Pe LU A B AZ ARG AR . I DA ROR A AT 25 . I NH™N SRR, AT 2% NH N & &

TR

B 15 o

N RAHF 10:0F10:

10 B b R,

R 4 FREILIR oH FELFHS RECELITHARFIAT TS

—H-0@

EH RS

BE pH=4.5 /¥ T i

ZEUALREHERIR . 2. H NH N S8 L5

ARAT AP AR NH N & 8k LAE 10 0 0 Bttt &

ERSRSENEMN

Tab. 4 Effect of different soil pH and ammonium to nitrate ratios on ammonium nitrogen content in organs of C.

lanceolata and S. superba seedlings

o N AR GE (mgkgD
Tre: izq;cies HHepH  BHICL R Root = Stemg - i Leaf
10:0 74.61+1.46 Aa 89.4547.91 Aa 95.90#4.16 Aab
7.3 74.5443.30 Aa 87.0749.19 Aa 90.8146.94 Aab
4.5 5.5 75.04+1.41 Aa 90.8545.47 Aa 85.424+1.27 Ab
3:7 68.7242.26 Aa 97.4742.64 Aa 97.1843.22 Aab
AR 0:10 71.20%2.21 Aa 90.3644.92 Aa 102.0844.85 Aa
C. lanceolata 10:0 63.5542.50 Ba 67.72+1.5 Ba 74.8942.47 Ba
7:3 61.42+1.22 Ba 64.0240.66 Bb 75.074+1.54 Ba
6.5 5:5 62.70+1.55 Ba 65.6340.73 Bab 74.8942.01 Ba
3.7 61.6840.92 Ba 64.72+1.07 Cb 75.0441.47 Ba
0:10 61.4140.70 Ca 68.2740.29 Ba 80.20+2.70 Ba
10:0 73.01+2.63 Ba 82.2742.50 Aa 79.95+2.47 Aa
7.3 76.83+1.80 Ba 96.78+15.83 Aa 76.44+1.52 Aa
4.5 5:5 78.1540.12 Aa 89.0946.94 ABa 78.84+1.70 Aa
3.7 78.2441.83 ABa 78.3043.32 Aa 79.1722.76 Aa
AR frf 0:10 76.2840.71 Aa 76.98+1.15 Aa 79.8842.06 Aa
S. superba 10:0 92.9048.45 Aa 76.4141.24 Aa 74.60+1.37 Aa
7.3 87.96+1.41 Aab  106.48+17.86 Aa 78.03#1.81 Aa
6.5 5.5 78.64+1.23 Abc 97.91#4.17 Aa 79.8441.94 Aa
3.7 76.2242.92 Bbc 92.86+17.33 Aa 78.62+1.50 Aa
0:10 68.5540.61 Chc 78.5943.16 Aa 78.3612.14 Aa

HE: AFKS FRERIRAE R — RS B LUAR B R AN ol 7K 2 (R 57
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SI5 M A =

<0.05) .

Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while

lowercase letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).

2.4.2 RF) pH A Fokic i 2 R AT 45 K Fa A HF 40 W 76 & R4 g 4 %k

F o6, ANFELIEpH MHE T, HEARMRMEER (NOs-
A HALEE R, KR IR NO;-N S EZ B EZ R B3, T pH %H%ﬁﬁ%@ﬂtlﬁﬁﬂiﬁfﬁﬂ’l NOs;-N S &EAH &

EXHAER W,
x5,

pH=4.5;

N pH=4.5 KF N,

PIAS pH KR, AZARHIHR NOs™-

e MEREEH (P<0.01) ;

B RAE R A L AR B R R IN pH=6.5 /KFKTF
FARMIZE NOs™N EEAE 10 1 0 F1 5 0 5 FLH FRIA pH=6.5 /K N, £ 7 @3 BCEE FRIU
Fofth 2 MECELTEAT pH K F FERARE: B 73 BCHAN, AR NOs™-N
B EBAE BAE pH=6.5 /K F i T pH=4.5 /KT ARAFIIHE NO;s™-
FRKF pH=4.5, fE5:5H 3 7EEFEI N pH=4.5 KV KT pH=6.5,

STEAE 10 0 0 BLH FR I pH=6.5 7K
Hofth 2 ANEREHCZEASH pH A T

ZRARE;, K2, i NOs-N & EEK L7E pH=6.5 /KF F & T pH=4.5 /KF.

pH=4.5 /K*F T,

% 5 1% pH MRS AR A2 AMATT S E R E SRS 2N
Tab. 5 Effect of soil pH and ammonium to nitrate ratios on nitrate nitrogen content in organs of C. lanceolata and S. superba

ANAIEL A BC LA B XS 2 ARG AR 25 i DARORGr 41 ) NOs™-N & B o % 7

seedlings
i N Zr i (mgkgh)
TreZ Tsztl;cies P BHICE & Root = StemgJ . - Leaf

10:0 61.9548.44 Ca 139.86+27.17 Ba 357.35420.66 Ba
7.3 76.0247.69 Ca 189.29430.52 Aa 357.35435.25 ABa

4.5 5:5 54.4442 .92 Ca 157.25+12.82 Ba 343.27443.93 Ba

3.7 69.7444.08 Ca 174.05+1.59 Aa 363.88+18.99 Aa

AR 0:10 64.0748.35 Ca 155.71423.50 Aa 336.59+18.54 Aa
C. lanceolata 10:0 154.49420.65 Aa  171.35429.22 ABab  402.86444.32 ABa
7.3 163.73410.01 Aa 134.05420.14 Bb 329.70433.20 Ba

6.5 5:5 186.99420.47 Aa 219.32425.64 Aa 419.07425.21 Aa

3.7 181.58+18.20 Aa 138.67427.86 Aab 348.39435.8 Aa

0:10 190.25423.13 Aa 195.91#19.97 Aab 370.82468.45 Aa

10:0 64.93+2.70 Cc 119.92417.07 Aab 506.48480.16 Aa
7.3 132.134#17.75 Ab 91.1249.19 Bb 445.40444.55 ABa

4.5 5:5 145.3042.62 Aab 137.3649.19 Aa 447.58444.55 Ba
3.7 173.74412.27 Aa 132.1049.82 Aa 457.29462.55 ABa

b i) 0:10 73.5242.49 Bc 106.6049.82 ABab 532.471466.64 Aa

S. superba 10:0 156.22+19.76 Aa 134.72+13.56 Aa 503.45442.85 Aa
7:3 118.02+18.24 Aab 112.72+10.62 Aa 513.71451.61 Aa

6.5 5:5 76.3536.08 Bc 132.08+19.71 Aa 522.36412.85 Aa

3.7 100.2446.06 Chc 129.30+16.08 Aa 496.61439.89 Aa

0:10 72.0644.92 Bc 118.2748.64 Aa 582.86438.18 Aa

M, ARELE IR NOy N S EEEMESN T3, 5:5. 3 TRETEERTHR—ILE N K4HK
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10:0. 0: 10k, 7E3 7ML FHRE, ENOy-N &8 S5 D5 F 3 17 BLEE T 82 m T HAl 3 M
L, mNOs™-N &&7E 5 Mtk FEREZER. pH=6.5 KPR, AREREC LA BEXTAZ AR L AR i
AR A HIZE . H NOs™-N S B L EZHW, LAY ZE NOy-N SE8E S I S T R&, £7:3
FCEE R /s ARAFEN AR NOs™-N &85k LR IUONBEA LB #2485 N R R T, 72 1010
[z 3=
W A E KRS R R TE A — B A U HUAC R ARNIE] pH /K2 0122 7 3, /NG FRERRTE R — pH /K P AN A J I b # 2 M 2R R (p
< 0.05) .
Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while lowercase
letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).
7 6 1IF oH FMERHS AL A AT E R ERSAS EXMHNE RS EZS
Tab. 6 Two-Way ANOVA of the effects of soil pH and ammonium to nitrate ratios on ammonium nitrogen content in organs of C.

lanceolata and S. superba seedlings

s i“ii _— L3 pH BT L L th;@aﬁ@a
Tree species " Parameter F 5 . 5 c 5
- WARSGE 77971 <0.001%x 1';35 0.213 0.787  0.543

Root HWAREE 142'93 <0.001#x* 0'554 0.704 0.967  0.440

o - HASRESRE 73305 <0.001%x 0'38 0.820 0.488  0.745

C. lanceolata - Stem AR SE 0331 0.569 0;1 0.589 2.315  0.080
m WARSE  67.848  <0.001#x 2'11 0.049% 1.035  0.405

eaf HARSE 0904 0.349 0'20 0.803 0.668  0.619

g BAEEE 484 0036 3';5 0.014%  6.247 <O'201*

ROOU maEAE 3408 0.075 8'$2 <0.001%# 17:;)02 <o.201*

g - HAREGE 0861 0.361 2'27 0.109 0.329  0.856
. superba - Stem HERARSE 0912 0.347 2';6 0.097 0.383  0.819
" BARSE 15098 <0.001#x 1‘57 0.303 1.723 0171

Leal HERSE 2119 0.156 0'890 0.472 0.190  0.942

E: %, P<0.05; #x, P<0.01,
Note: *, P<0.05; **, P<0.01.
2.5 A[E pH FHMEHS RE LN ZAMAGYE R RERRRRENZN
RN, L pH MEARZHEEN N ZREELE N XHREYHEZLmW, AR, HNE
MEE LS N ZREEARERI; I ARIZE. N ZRREAZEPE, ARMER, 1N
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FMERE LGN RRREAEELW, T3 pH MBI LS A2 AR R N R R EAH BN, X
ARER N R REA B
& 7 1% oH MRS RE LN A RMA T BR ERZRREXWNNERSEN
Tab. 7 Two-Way ANOVA of the effects of soil pH and ammonium nitrate ratios on Nitrogen accumulation in organs of

C. lanceolata and S. superba seedlings

BEARRRE MERHR
Nitrogen accumulation in organs T
i % J g
. Total
Tree species Factor . .
2 Root 2% Stem - Leaf nitrogen
accumulation
_ F 206.924 43.003 121.829 189.175
+4% pH
P <0.001 <0.001#x* <0.001#x* <0.001
AR . F 1.933 2.646 7.281 3.928
~ R E
C. lanceolata P 0.121 0.046% <0.001%* 0.008:x*
+I% pH>dZAH  F 3.149 1.423 7.113 3.428
it b P 0.023+ 0.242 <0.001 #* 0.016%*
. F 0.184 2.622 1.379 0.632
43 pH
P 0.670 0.113 0.244 0.431
A Aar . F 1.743 2.016 5.762 3.033
) FE AL L
S. superba P 0.158 0.109 <0.001 0.027=
T3 pH><E A F 2.754 1.364 0.457 0.388
fic bk P 0.040+* 0.262 0.767 0.816

E: %, P<0.05; %, P<0.01,
Note: *, P<0.05; **, P<0.0L.

F AW, 24 pH KT, AW, 2. i N RRRERE ERIY pH=6.5 /KF KT
pH=4.5; ARAFHIM. 22, M N RRREBAEAF pH AH 2 W ZRANEZE.

pH=4.5 KV, EARKM N ZHREA 7 3 FHEm, 22 W NRZHRELLN ZHREAE
505 M Rm, HAREZMZERNEZE: KRR, M NRRRELE NRHRBE S ST R
. ENFZHRER T 3ME N RESESRL B EEEZER. pH=6.5 /KF T, EAKENZHRE
FE.0 D10 BCEE B2 T Al 4 DMECEE, 220 M N RHRRE LS N R EEAE 10 0 0 FCtb FR&F s TH
fih 4 AMECEE, AR R R ERE SRR E BT TR REROR N ZAREAE 10 00 B F &
He TR 4 AN, ENRRREAE 73RN RES T HAM 4 M, M NRZRRENLS N ZH
REWTES I SEH T HE-,

# 8 AN[AIIgE pH AL AHAS BUC EE RS AR RIR 7 ) B 4 B R AR R R

Tab. 8 Effect of different soil pH and ammonium nitrate ratios on Nitrogen accumulation in organs of C. lanceolata and S. superba

seedlings

Wb oH BETHTC LG BEARRRE (my MARHMER

Tree species NH4* : NOs R Root 2 Stem - Leaf (mg)
10:0 1.1240.16 Ba 1.4940.33 Ba 4.1440.40 Ca 6.7630.66 Ca
. 7.3 1.5940.18 Aa 1.1640.11 Ca 4.1640.21 Ca 6.9240.45 Aa
A 4.5 5:5 1.2140.20 Ca 1.5640.15 Ba 4.5140.16 Ba 7.2710.27 Ba
Iancgc.)lata 3.7 1.3740.15 Ba 1.3440.36 Aa 3.9740.24 Ca 6.6910.64 Ba
0:10 1.3840.23 Ca 1.1040.19 Ba 4.0340.26 Aa 6.5110.42 Ba
6.5 10:0 2.7540.38 Ab 3.1440.23 Aa 8.2840.24 Aa 14.18+2.13 Aa
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7.3 2514045 Ab  2.6420.18 Aab 7.6440.42 Aa 12.7940.73 Aab
55 3.05#0.43 Aab  2.3720.22 Aab 6.0340.43 Ab 11.4540.73 Abc
3.7 2.6840.29 Ab 1.9840.20 Ab 6.1840.13 Ab 10.84+1.35 Abc
0:10 3.374.23 Aa 1.9740.24 Ab 4.9810.47 Ab 10.3340.67 Ac
10:0 0.5240.21 ABa  0.5640.12 Aa 2.4540.53 Aa 3.5240.65 Aa
7.3 0.6440.06 Aa 0.6340.08 Aa 2.8140.50 Ba 4.0840.48 Ba
4.5 5:5 0.75#).18 Aa 0.4340.08 Aa 4.034.63 Ba 5.2140.87 Ba
3.7 0.68#.14 Aa  0.5940.11 ABa 3.0740.47 Ba 4.3440.57 Ba
AR A 0:10 0.4640.08 Aa 0.5640.09 Aa 3.1440.26 Ba 4.1740.39 Aa
S. superba 10:0 0.904.07 Aa 0.3540.02 Ac 2.5440.17 Ac 3.7820.21 Ab
7.3 0.7120.04 Ab 0.6440.05 Aa 3.03#0.13 Bb 4.3840.17 Ba
6.5 5:5 0.4540.03Ac 0.5020.04 Ab 3.90#).21 Ba 4.8540.19 Ba
3.7 0.6720.05 Ab  0.4420.04 Bbc 3.39#0.11 Bb 4.5040.16 Ba
0:10 0.4840.01 Ac  0.4840.02 ABb 3.8740.13 Aa 4.8240.13 Aa
e AFRS P RIS E R — SRS RURC EU AL B AN pH KT 227 83, NG FRERORTER— pH KA RSN SRR AL B 2 M ZE 57 82 (o
<0.05) .

Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while lowercase
letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.03).
2. 6 ETHBFERRZRUF BRRERBITMN

XS AZ AR RIA ST A RS AN 25 B S B SR e B i ik 9. s B B HEF AT 20, fEPr A Ab 3,
BAFTREARAERKKAEZ T11 (pH=6.5, 10 1 0 BCHL) , &AF T AR AKILEE R T10 (pH=6.5, 0:
10 BCHL) o pH=4. 5 2 R A FI T A2 AR MRS A K AL BE S /& T3 (pH=4.5, 55 ACEL) o pH=6.5 F A
TERAFTEAEKWLILRZ T6 (pH=6.5, 10 : 0 AttL) , HA R TAM A KKAIZ T10 (pH=6. 5,
0:10 Ak .

R 9 HANMAGTEIEFHENZ R E A ENRERHESITHN
Tab. 9 Comprehensive evaluation of physiological characteristics and nitrogen uptake and utilization in C. lanceolata and S. superba
using membership functions

iy

HA M
MDA SOD POD CAT %&&E
R e P . . BAR HIEE HE7 ¥
Qb3 S M M EHE BREA - .
Tree ., MZH&E Membership  Sort Sort
. Treatments MDA- SOD- POD- CAT- = L "
species TN-A value within ~ within
C A A A LN- .
group  species
A
T1 0.195 0.872 0.733 0.776 0.039 0.032 0.280 3 8
T2 0.198 0.855 0.849 0.447 0.044 0.053 0.285 2 7
T3 0.391 0.623 0.327 0.194 0.124 0.099 0.295 1 6
o T4 0.113 0.835 0.300 0.234 0.000 0.023 0.202 4 9
; T5 0.000 1.000 0.078 0.000 0.014 0.000 0.150 5 10
' T6 0.704 0596 1.000 1.000 1.000 1.000 0.815 1 1
lanceolata
T7 0.837 1.000 0.864 0.872 0.851 0.819 0.796 2 2
T8 0.721 0.846 0.896 0.787 0.478 0.645 0.679 3 3
T9 0.759 0.475 0.839 0.644 0.513 0.565 0.615 4 4
T10 0.540 0.466 0.879 0.651 0.234 0.497 0.474 5 5
At T1 0.515 0.388 0.660 0.428 0.000 0.000 0.248 5 9
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S. superba T2 0.000 0.346 0.730 0.583 0.128 0.202 0.294 4 8
T3 0.525 0.682 0.790 0.799 0.560 0.612 0.515 1 3
T4 1.000 0.521 0.800 0.982 0.219 0.296 0.462 2 4
T5 0.499 1.000 1.000 0.913 0.247 0.234 0.461 3 5
T6 0.555 0.066 0.377 0.304 0.032 0.095 0.198 5 10
T7 0.312 0.411 0.169 0.305 0.208 0.312 0.301 4 7
T8 0.358 0.272 0.176 0.306 0.514 0.481 0.429 3 6
T9 0.918 0.500 1.000 0.453 0.335 0.356 0.531 2 2
T10 0.613 0.629 0.796 0.504 0.504 0.473 0.637 1 1

3. W

3.1 AELIE pH £ FIERAE7S RELEL S H2 R FIARFer 4 B A IR4F M RS20

PR A A T S T 5 P 3 i A R P AR K A, T S R AR A A PR 2 A R R
P (RPRARAE, 2023) . EBEALYIEALES (SOD) | EALYEE (POD) Al AL EEE (CAT) #NK
RTEHEAIERREE (Sikder R K 28, 2020) o )52 R WE 5 nl i RIS MEA (ROS) HIRE#AE, 2
AR AR (0  HEE B, BESASE, WU EDAREE RS, SEYEKE A REm. N
TR A S, R A I A g (SOD) | IS (PODD | AL EEE (CAT) (1)
PR, SR A AR T ARSI BRI = ROS, AR 2 B (Liu D 5§, 2022) o AREFF
B, KKK MDA & 87 4.5 ) pH /KT FEZ ST 6.5 1 pH /KF, FAK SOD. POD F1 CAT i M4 # 44
YRIUNTE pH=4.5 /K°F FEE & T pH=6.5, XWTE pH=4.5 &M FEARGEZE] 7 —EW5E, i
I BT A B i 1 R AR ORARA B . RAF ) MDA & & . SOD 1 CAT i&EAE AN pH AL FE TG B3 % 5=,
KAif POD JEPEEEAAR FAE pH=4.5 /KF NS, X0 RER AR E A pH /KFF 32 2| i (R o B 3% =
5, POD TEIEBR & PG M S S B ) ik e R 45 T 2 AR

AWEEH, 5 MEMSEE AT R, AN MDA & B ENANESEMASEEELK 3: 78 0: 10
Bobb Ficmr, VA ARIE AR A R 228 THrE, JFmiET SOD. POD. CAT i PESRHEAH
185 ARfrf) MDA & 7EmEAEM 10: 0 F1 7: 3 FE S, HAERMAZEM3: 7/0: 10 L FA
i MDA & 82 E TR, SRS s S R R L B 23 7 HE, A pH=4.5 FIALEE R R
fif (1) SOD. POD. CAT & 7E =y B A B U AL R #8255 , 7E pH=6.5 /K- i PERE 58, 1X ] fg 2 T pH=4.5
()R8 2 A DA K e e A5 A 3 K 28 LA KT A Air 7= A A S5 o P 8, 0 T A A 40 1 B SR A B ) T
B pH (TR, AM 40T 32 20 00 W FE R s, DA BES HRWik &

WAt BRI, AL i LA S O BRI PR T 5, RIUCAR N AL HE N AR 4 ¥ MDA &
BT WELE, LU SOD S TWESE (Chen J 25, 2013) o AR, AARMAG LK —
it 5 e AT LA Bl T 0] Jolh e e AR B ROR I ZE 5, RG4S MDA &= 7E[R— pH Fle s 2
PEAREE N B TAS ARG, LA Z R RIS 2R, X5 UL R Fiss R—8. ARl
SOD JEMEAE R — b B F S m TAS R, T CAT WEHEE BT AR, oI ARH4IE F 58 10 SOD %
PERICAIE, TAZ AL N = EL@ I 0 CAT y&MERIRA NG . POD WG TE7E pH=4.5 %4k LR %%
5, 1E pH=6.5 B RIN A BRC I FAEAKR T AR, SR T AR K TA2A.

g5 LR, IR 88 pH X AZ AR 35 22 3 BRI o 2 e A AS UK B (R B A L 23 A AT ik
REFOMIE, EARMPEIBELIEACT IR, RS 10 4.5 1935 pH R A8 BRI RS EL
FSC P T P RN 20 3% 7% 40 o JE A ) 1 AT IR BT A B M, 3 v i A R LU A8 R B v A A 1 BT S AL TS
AR A IS T 2B 0%, £ pH=6.5 %M T, AM{EEmESF REMIL T2 AR R0 e, H
PrAAIG ) R KT, DS e
3.2 IN[E] 138 pH £ 4R IS RBC EE X F2 AR FARTET 40 B T E R UH| A B $20

A N 338 I U P TE NV U 32 B A 3 (NH D) FIAHIR . (NOs) , NH. A NOs A SCEII/ER T
BB RGN RAR, R AT HEMERERARMEER, fHa8EARSESENGILEY, ©m
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WY R E REHEAE, 2022) o IFRIE R EE (NR) Y E KR B4 1 /4N, NR F)H NADH
PEEMKE NOsIE A NOy, WERSERICJEEE (NiR) K NOLI&JE N NHa', NH AR A IERE, &%
HMARAMNE AR (GS) L&A AL, REHEEMREE (GOGAT) WA RBIEM 2- % R
NP THAR GREESE, 201D .

145 pH 2 RZMAAE IR 20 T35 T 0 3R RS, 3 T s e AR A AR R RSO FE (R ER A
2020) o FEYIAAR A B AN ORI A48 UK 5 B A 0% S LA )T 3 AR (R IR WSO AT AR A ) R R e A
AR CEAMIAE, 2021) o ABFFCRIL, AR RIR AR S ELE pH=4.5 FLE NGE, Hif
S4FMLE) GS Al GOGAT g% MR, S5 pH=4.5 FIALFE FE AR 8 B SR S B EE Tt
FAKEMRR, TEPERICRIE, GRFFRRIL, B ARERI T KEMASEE, HRIEEE NR i§H
Inag, HETE 2 AEAEREELL, PTUOH A A S B (RBUEESE, 2019) , BEEHARET L E pH=4.5 1)
AEEEFAZA ) GS Al GOGAT B[R LB S B IB R 2 B IS . AR 8 H AR &R pH=4.5 143
MUK, HAEZ pH AR FAZAH B (1) NR AT NiR VSRS, IX Al R RAZ ARG E 7L pH=4.5 Kb FE T X il
AERNCRE TELTS, ARSI [RAGEG I R B WSS . AR 4 H &4 5 S SEMEESR S 28k LA
pH=4.5 AL R AR, RIFEMILAEHEEF GS. GOGAT. NR. NiR iGMEHEAL, 7TAEJRK & pH=4.5 KIHkEs
B | AR A RSB R IR Ak, ARAT AR CHERF GS GOGAT. NR. NiR J& AL A —
SFR R IR TR ARG, [RIFEUE B T A 811 i b AZ AR Sy i B A S i PR HRAR B 46 )

s (B TG L 2 S AR ) R N B S BRI A AN B (ERRSE, 2022) o AWFFTH, 2 A pH K
T, EAHFHESE S BEEREMERKRENRLE T e TR EESERENE L, MERSTEERFL
PE R 25 ARt B S EA AR S B8 A L RICHE RS ESEIRENRL T E T REHEES
RIRFEMEL L. ZARMEE N ZHREM SRR R B8 E ERINFESE pH T Em T &, A s

N ZHRENB R XA REAAF pH AT FEREER . B SRRENRIL RS T EARNSEE N R
MEBEMBEXNRRE, B SRRENRIL R ARG E N R RS R R R RE,

27 ER], pH=4.5 HIARES P52 5 W AZ AR A ST Ao e 25 RN R 28 U Wi IRl o 8 v e A5 ROUR FEE 1)
BAMIC L BR AR A AT B S B IR B4 B BRI R, R ARAERKKE . ARM R R IR =
DU SRR > 1, B A R B A I LR AR AT S 2 IR B R, (bR AK K
He
4, R4

pH=4.5 [IFBE PR 22542 ARFIARA 18 5 — 58 I 53 o aes, Wb <l s 8 im0 4 1 vty 1 S R A1 ol
8, pH=4.5 & EINHIAZAR AT ZACH BRGNS 28 B R R RE, IHIAZ AR A 2w 5 i
BRIV SRR MSORT AL o 5 v T A BRI FE O T T L X A2 R TR IR R 97 0 Wil 35 e B S IR P
B HC EE XA AT T RO R IR A e, ZEMME R 2 MR s b s B RIA, 18 M Pu A B S M L da
B A BRI M TC EL 3R 5 T AR GS. GOGAT. NR M1 NiR WP, 850 8 Al A UK 5 0 B T LG 32
T ARG NiR W5 1. R Rl S IR S MBS LU R S R B85 B N B R, Bm SR E T
BAHRC LU e RS &40 F N HM R Bl RE R R, ARG EE LI pH=6.5, HEHAEIL
N10: 0 IR FAEK, ARfEEAE I pH=6.5, #MSEE LN 0: 10 K38 FAEK.

S

dipEE, xR, BREY, AR A pH EARALRS 3 R JFE Y R R LA A AT BAFE RSN [T, Ol AR, 2021,
30(2): 69 - 81.

(Zang JJ, Liu ZC, Yan C, et al. Effects of soil pH on soil carbon, nitrogen, and phosphorus ecological stoichiometry in three
types of steppe[J]. Acta Prataculturae Sinica, 2021, 30(2): 69-81. [in Chinese])
TR, B 5N, SR ANE] pH A AR AR A AN B AR AR (52 [T /0L, 70T a i, 2022:1-13 . .

(Ding JJ, Luo JT ,Huang JQ*. Effect of Different pH on Root Growth and Leaf Physiological Characteristics of Pineapple
Seedlings[J/OL]. Molecular Plant Breeding. 2022:1-13 . [in Chinese] )
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A/NK, T, ANE pH BT A AR B A AIE R (], ORI RE, 2019(8) : 43 - 46,

( Li XY, Zhou YC. Physiological and Ecological Adaptability of Pinus massoniana Seedlings Under Different pH
Conditions[J].Heilongjiang Agricultural Sciences, 2019(8): 43—46. [in Chinese])
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