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Abstract: [ Objective ] Light intensity and nitrogen concentration were the key factors affecting the
germination of shoot buds and the growth and development rate of Dendrocalamus latiflorus. In the growth process
of Dendrocalamus latiflorus, only by maintaining the balance of light and nitrogen and coordinating the supply, can
the best interaction be exerted on the growth of Dendrocalamus latiflorus. Because there are few studies on the
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effects of light and nitrogen on the development of lateral buds of different plants, it is of great significance to carry
out this study to guide rational fertilization and improve fertilizer use efficiency in field production, and to alleviate
the effects of low light stress on lateral bud development through nitrogen fertilizer application. In this study, by
analyzing the absorption and utilization of nitrogen by Dendrocalamus latiflorus in shade environment, the effects
of light and nitrogen coupling on the germination of shoot buds of Dendrocalamus latiflorus at shoot stage were
explored. It can further provide a theoretical basis for the coupling of light intensity and nitrogen to regulate the
germination of shoot buds of Dendrocalamus latiflorus, and also provide a scientific basis for the adjustment of
stand density and efficient management of nutrients during the cultivation of Dendrocalamus latiflorus shoots.
[ Method 1 By setting low, medium and high nitrogen supply (1.5,4.5 and 7.5 g-cluster™) conditions, the
germination status and physiological and biochemical characteristics of Dendrocalamus latiflorus shoots under
different gradients of light (10%, 40% and 100% light intensity) were studied. Two-way analysis of variance was
used to analyze the absorption and utilization of nitrogen in Dendrocalamus latiflorus under shading environment,
and to explore the effect of nitrogen fertilizer level on the germination ability of Dendrocalamus latiflorus under
different light intensities. [Result] The results showed that low nitrogen ( 1.5 g €lump-! ) and medium nitrogen
(4.5 g <lump1) addition had no significant effect on the germination number of shoots at the early stage of shooting,
but the highest value was at 40% light intensity. The number of shoots germinated under high nitrogen (7.5 g €lump-
1) was higher under 10% light intensity than that under 100% light intensity, but significantly lower than that under
40% light intensity ( P < 0.05). In the middle stage of shoot emergence, light nitrogen treatment had a significant
effect on shoot germination ( P < 0.05 ). The germination number of shoot buds under low nitrogen addition was
higher than that under 100% light intensity after 10% light intensity. Under high nitrogen addition, the germination
ability of shoot buds was the strongest under 40% light intensity, and the content of C, N and starch in leaves was
positively correlated with the germination number of shoot buds. At the end of shooting, the number of bud
germination decreased significantly with the decrease of light intensity ( P < 0.05 ). Low and medium nitrogen
addition, after 10% light intensity, stop shooting ; under low, medium and high nitrogen addition, the number of
shoot bud germination under 40% and 100% light intensity was positively correlated with P,,, stomatal conductance
( gs ), transpiration rate ( T, ), sucrose, soluble sugar, starch, leaf ammonium nitrogen and nitrate nitrogen.
[ Conclusion] The effect mechanism of nitrogen addition on the germination of bamboo shoots was different under
different light intensity. There was a significant interaction between light intensity and leaf, soil carbon and nitrogen
and nitrogen concentration. Nitrogen had a compensatory effect on the inhibition of shoot germination by low light
at the early and middle stages of shoot emergence. At the end of shoot emergence, nitrogen could not compensate
for the inhibitory effect of weak light on shoot germination..
Key word: Dendrocalamus latiflorus Munro; optical light gradient; bamboo shoot germination; coupling

effects; shooting stage regulation

Tt A2 S 25 K B SR 12—, AR AL RS R s E ZEH  (Sakakibara et a
1., 2006). A HFFiHE AN F R E 2R 2 AR, ATTSZ AR 7 BEER /2 K B (Kun et al., 2020;
EIERISE, 20170, JC ROV 28 B % th B AT EEEUM (Weissing, 1994). HWFFLERN], JolsR o
WA G ETER, SCRGE MR R A, B o BRI Bt m (FUOEE, 2018; Akt
&, 2017, EREE, 2019). SGIRMEERE N MAEYAE KPP RN R, —EHERREV], #REY,
FE—ECHRE TS, YOGS E G GR A ) SE mmig i, SR T RE WA, HARRLIRE S
EIBFEY) B O 5 P DLE M E A% (Cisse et al, 2020). Hlin, XTEE#k (Tilia amurensis) WilE
(Phoebe zhennan) & 438 N 2 {1k B ] DL V) EOC IR &4 N OGS R0, Hd & WHHDa& 1E M
(EEPRE, 2024; XPEEE, 20200, {EMEESCIAEE T AL T LASE & )\ M (llicium verum). 44275 (Garcinia
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=N, HEANELBEIN 30% (D, 40% (1) A130% (1D (F 1), HMEFEE 8 AN, M 1 AFR
1o BEKTPRBERIEA R T WS ZER AT bR 20 =5
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Fig. 1 Pot schematic diagram of different treatments
21 RELAKEAETFTE (gh)
Table 1 The amount of nitrogen application per time
T ER BEKF
Fertilization times Nitrogen treatments (g-bA™1)
I 0.45 1.35 225
I 0.60 1.80 3.00
il 0.45 1.35 225
A7F Total amount 150 450 7.50

RIERHIRER RS EN 46%), BEIERHLBERES (POs, FIESECN 12%), HEN 6 g M
HIIER &AL E (KCL, BESECN 60%), HEAN 1.5 g1, HWERIESE N, BN JRE%
HEAS R AL B T oK, SR S 0E ) — A AR B AR R AT 48 B R E s B E A F /N AE BE BT 5 10 em Ab4Z2HK
BN 10 cm BIFRVATEN .

T 4 710 H#HAT AL, FFEp 1 N HEE#THE, T 201945 7 10, 7 H 10 HAI 8 H 31 Hi
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2.3 MHRAEFENE

(D JeE R BANAFLAT PGS EEL b3R5 E RS, KT B, %
Hlk S BT SR 0.20 g, KA ERGRIEE (EIRREE, 20060 H2HUH4k3, JEMYE Lichtenthale (198
7) A3 IHH Chl a. Chl by Chls # Cars, 1% Chl a/b #1 Car/Chls, FANACENE 4 %

(2) "SR FARFEKS REFHISLAT, Wb B3 s AT R AT e, i FR 40 WG IR bR itE
e (2x3 ecm), fECEADEIRERRE 1600 umol-m2-s! FllE s AHetE, I i8] 120~180 s. M|,
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i T Al g, Hrf WUE=P, / T, 115 WUE.

(3) MR R VORI EFN T SRS HO T, 80 5 4 22 0O AE B ARG ISR T T
5E Opsis ETR. qP A1 NPQ. 5 BT F #E4T 30 min DA LIRS ER G, fEHARE T IES 5~7 min 5, &
Fu/Fmo BFAMCERIE 4 750

2.4 M AEPEFRI NSCs ME

BEANAR AT L RE BERL A AT SRS R AR, B AUK e %5, BIRA TR 0.
10 g, FHTIU5E HERE, VMR RTINS, JEiH8 NSCs Al SS/ST, Frfg &b 48 F A= B A AR F & (TR
PHEAEMIE ARG IR A R AR ATIE . BAENE 4 725,

2.5 M AT EBRE RN E

R s BN EISLAT rak 3 B3 A A R 3 A MR VR G R i, R 4K b e T3 5, SIRER G,
BEFEERE S 20 B 2 B HEAT IS . (1) BEREFRER 0.10 g, T ARASE (LNO-N) FlI4#A% (LNH, -
NO W, WE A N R AE AR A R AR A=l & (2) FIRBEFES, B THAF 105°CR_E 1
5 min J5, 7E£85°C MMLTZIEH. HMENIE)ST 0.15 mm 7§, FREL 0.25 ¢ T, {FRHRETTED
FrociEmt fra% (LND. 28k (LCO &8NE, IR EL (LOLN). fAMEIRIGE 4 7.

T4 BMMNEEEATHE 10 cm, AR 10 om &b, BUFGELIERES, EBRATRRR)E, $HhF L rf
A2 ERA AT E : (1) EERFEAREC 0.1 g, T HIEMHAZ (SNOs-N) FIE AR (SNH4-N) llE,
IS A TR N R A R IR A B PR B () BIR LR, ARRT G, BTN 0.15 mm §#)5,
FREL 0.75 g R, fERBREIC R I GEm 2% (SND. &k (SCO S&Eille, HitHEma (SC/s
ND. FEAEEENE 4 7.

2.6 HIEIES iR

BPi i Excel 2016 M1 SPSS 22.0 #AFHAT HIE ST 04T RAWNK K T Z2HT (Two-way ANOV
A BEOGREREE (=) MR R (=K T A AR fabr i) 32 &8 A2 B8R, PAE (p
~value) Fe7n 6 HR G B AN 0 F AL FE (1 F R FIAE BN o [RIINE, X AN [F) G AL B A — HA 58 I - b AT
BN ZE T Z T (One-way ANOVA) HHAT WE ML (0=0.05). KH PCA i A F YR AALEE T H2Hi k
gt Fr A E AR, IR FRAR Z I A DG, IR = AN A FE BRI XA [F) e BAC B AT 455
Excel 2016, Prism v. 8.0.1 (GraphPad, San Diego, CA, USA) # Origin 9.5 (OriginLab OriginPro 2019)
HBEAT 2 B

2R 50t

3.1 SRR FEEARATSE A& B AR

MR FET7 72 T RER AV, B X F i R A A BE RN fEmBALEE, 40%6 55
FE N R E BT 10%M 100%6H8EE (P<0.05) (K 2-A). fEHFEHH, JeRAMEEX AT E
BOAA B E TR Z N (E 40%6 IR, RE M m R AL B N5 28 0 K805 T 10%H 100% 6 5
s EMREAT EALIE, 10%)06 RERE T 20 R B0m T 100%) 6 HRGR AL, (HBE Z 3K FHE e, 10%6H 58
&R A IR B (B 2-B). fEHS AR, SRR 5 2R R B A B3 3808 (P<<0.05). 100%%
HRSR N 4 2P i R R T 10% 1 40% 6 IR, JH: v ZRUA OGS 9 2 W B R A BRI E T, AR EUR o
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Fig. 2 Interaction effects of light intensity and nitrogen concentration on the number of germinated shoots of D. latifl
orus seedlings
H: ARZBERORARFEDEEMBZ MZEFRE (P<005); FH. A-HEAWW; B-HF i  C-HB R,
Note: Different letters indicate significant differences between different light and nitrogen treatments (P<0.05); the same below. A - shooting in

itial-phase; B - shooting metaphase; C - shooting anaphase.

3.2 KRN FHARYIT R EERRSN

3.2.1 ARAHEMSFH R TR LS EF Y

TEH VI, SR 3 7 220 W R A R G RE SR BE X BRPT Chls. Cary Chl a/b #1 Car/Chls ¥ B A 83+
N (P<0.05). fERIZALTE, Chls Al Car S 40% GIRGE R BA E, HUCN 10%6IE5EE (& 3-
Ao TEHFHH], Chls Al Car E MG HAYII—. FELAIX Chl ab BHEEEHN; S5HFY]
WIAF, 10%H1 40% G HEBREE S Chl a/b MI7EH R AL B R BLRAR, {H Chl a/b 1E 100%'6H 58 T R =K
PR K (B 3-B). fEHF AR, AIREFM T AL, Chl ab 1 40%CHR R R Sy, Hh 7EMK
FMEL, Chl a/b 7F 100% G50 B 2K T 10%M1 40% G I 31F (P<0.05); fERRAALHEL, Chl a/b BEEIR
SEEE BRI I K. 25 AR HATE AR AN, G 3k o u s BER A R ik (& 3-0).
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Fig. 3 Interaction effects of light intensity and nitrogen concentration on photosynthetic pigment in leaves of D. latiflo
rus seedlings
W Car: K% ME; Chls: MFHEREE; Chl ab: AR o443 b; Car/Chls: A% bR/ M43,
Note: Car, carotenoids; Chls, total chlorophylls; Chl a/b, chlorophyll a/b; Car/Chls, carotenoids to total chlorophylls.

3.2.2 BRA A FH AT T AR I AR F R

TEH BT, XK 2 7 2 53 1T R WA AN [R] 6 BB 6 RAT Py R g B 238 AR (P<0.05). 1EH &AL
H, Py Al g 7E 10% 1 100% 0 HE BRI 5 T 40% 00 BRBREE ;. 7E = BALHE, Py Al g AI7E 40% 1 HE R FE 2 I i
m (B 4-A). fEHRFFH, SeREAEEXTRRYT A G T, RN NI RE . ER—A R
H, Pyl g £ 100% G HEGRE B2 AT 10%41 40% 6 SR (P<<0.05) (K& 4-B). fEHF AR, Jom b
XFIRRAT H S P Ci fD WUE o i 2 R RN A HAE R . fER — 2R AREE, Pov g B T BI7E 100% 6 18 385
RKIesr, 40%CHEGREE RILEBAG . TEREALIE, Pav g 1 T 75 100% 6 HEERIZ S 10% A1 40% 6 HE 55 5 2
REFZER (P<0.05). 45REKY], £ 40%GHBREE T, & RIS INRE S 35 52w th A i i SRS #e 2
(Bl 4-0),
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Interaction effects of light intensity and nitrogen concentration on gas exchange parameters in leaves of D. lati

Note: Py, net photosynthetic rate; g, stomatal conductance; C;, intercellular CO, concentration; T, transpiration rate; WUE, water use efficiency.
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X} @ps A1 ETR BA WE L HAEH (P<0.05). fEF—%ZH A, Opsy A ETR 7E 100% ) M5 £ B 2E (KT
10%H1 40% 6 HEERE (P<<0.05) (& 5-A). fEHF I, SNELTE, Fo/Fn fE 100% 00 f58 FE B E KT 10%
H40% IR E (P<<0.05). MUK R T7Z 0 i R R AR AN g BA B3 T80V, JGEAEX NPQ
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Fig. 5 Interaction effects of light intensity and nitrogen concentration on chlorophyll fluorescence parameters in leaves
of D. latiflorus seedlings
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3.2.4 RRAFEAFHRA TR AW ol

FE IS, SR 257 2250 W7 38 B AN [R] O [R5 88 0 20 35 b B Ik 1 JRE & B BB B35 2 AR AN AZ LA
H (P<0.05). PR SR, FERES R 100% 0608550 5B 2 5 T 10%M140% 6 ISR E  (P<<0.05).
TEAREFN AL EE, 40% 6 R 5E R UE B AINSCs & =M T 10%F1100% 6 58 FE, H7E AR EE, B
SR RIS, M%‘%DNSCS B (El6-A) o 78 H 5 H ], O BB 2 2 2 4% nT A MR MINS Cs 75 & (P<<0.05),
ISR XNSCs & B B E L HAEH (P<0.05), {HY IR E MR A GEH & B A R % (K
6-B). 7EHF AN, ﬂl?ﬁ%ﬁﬁ%%Tﬂﬁmﬁﬁﬂwﬁﬁﬁ VERY . ATIAMERE. NSCsiEAISS/ST
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Fig. 6 Interaction effects of light intensity and nitrogen concentration on the contents of leaf photosynthate of D. latif
lorus seedlings
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3.3.1 SERA AT FH RAT T OB RAF M 09 %
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2, LO/LN £E4 IR N R R /KA S . SRR BRI LNOs-N S EAA B EF
BB (P<0.05), {HYCEAHEXT LNH N & 28 EFEER (B 7-0).

Nitrogen level Nitrogen level Nitrogen level
A [ 52 cluster! B 0 5 cluster” ¢ 0 5g-ctuster!
h [l sgcluster oo .5g cluster o .5g-cluster
00
0 -1.5,( cluster™ - [ sg-cluster '
= |Pvalue
- - lluhlln- i <005 Light treatment <005
- - Nitrogen . Nitrogen leve <005
FE B Light * nlmvgmﬂ 220 B Light = nitrogen <005
; 0
& & ]
Em F
3 3 o
150 I
1”0 -
"
“
' [ ars [0 L [y e 0% v Tt v 0%
Light imtensity Nitrogen level Light intensity Nitrogen level Light intensity Nitrogen level
A 013 cluster” B 5 cluster! c 0150 cluster”
» s cluster? » » .5 cluster”
“ W b EEPsgclusier

Povalue

% Light treatment <005 * Light treatment <0.05 " lll’lllmmnnl U4!|
_ Nitrogen leve  <0.05 _ A Nitrogen leve <105 _ Nitrogen
un Light * mitrogen <0.05 Yy Light * nitragen <0.05 Fia Light * Im\. <N"‘
] ] -
Z s Zs Z s

[ 4 [0 o [y £ 3 " L) s 0%
Light intensity Light intensity Light intensity
Nitrogen level Nitrogen level Nitrogen level
A 015 cluster” B 1.5 cluster” C [1.5¢ cluster”
= . 2 N 0 N
e clusier” 5w cluster 5w cluster

<,
l ight % nitrogen “oos Light * nitrogen <0.05

LOLN

T EEn 3 T s T T T T
Light intensity Nitrogen level Light intensity Nitrogen level Light intensity Nitrogen level
A .50 cluster B .5 cluster « i 5e cluster'
1 N o0
- N S elusier - s cluster b secluster!
M 3% a k-4
-7.5g eluster” s clusier” ™ .s¢ cluster'
g 0 value be bhe value
_ = ight treatment. <005 — be | Light treatment <0,05
- <08 s Vitrogen leve 0,248 G| e e Nitrogen leve 0,156
F ugm nitrogen <0.05 2 Light * nitrogen 0.428 i Light * nitrogen 0.263
7 7w z .
$ i ) § e
10 1w
"
- ©
" 0
T o T T s T W e T
Light intensit; Light intensit; Light intensit
ARl Infensity Nitrogen level teht infensity Nitrogen level tehtintensity Nitrogen level
A T specluster B [ sg-cluster c 15w cluster”
o , hswcuer! " s “ h5e cluster”
El
g 2 [ 50 clusi s i suel
@ Pvalue Poalue
. _ Light trea o Light treatment 0.074
T Ll Nitragen T Nitrogen leve 0,266
H H N Light  nitrogen am& H Light * nitrogen 0459
7w Za Zn 1.
= = be £
= Zud z
= = d ol ERT
4«
u
" 10
"
g 108% £ [ o 1, ° 100 A0t "%
Light intensity Light intensity Light intensity

P 7 S E AT IBR T IH B U ) B2
Fig. 7 Interaction effects of light intensity and nitrogen concentration on leaf carbon and nitrogen characteristics of D.
latiflorus seedlings
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3.3.2 Sk RALIAT F I ARA L HB R 4 Y
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7. SN: hJfE N & SC: 4% C &4 SC/SN: LIERRALL: SNOs-N: TIEMZSE: SNH,~N: TIE#EE.
Note: SN, soil total nitrogen; SC, soil total carbon; SC/SN, soil total carbon/total nitrogen; SNO3-N, soil nitrate; SNH4*-N, soil ammonium nitrogen.

3.4 XEAIEHNHAFEFHELE. HARTBREEE CSHOEME
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(B 9-A). JeEF=WIR T+ 5 28 0 R H5 R ATt i 0BT 4 31 o e R i B A 3 Ak B LA 7 ) A 1
A, AR R R R A B B IR R (P <0.05), LHBem N+ 0 4 R A A B
REAAFEW (P <0.05. SEERETF. BB WE T FHHREE 7. R ik EE 0 e H
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Fig. 9 Partial least square structural equation modeling (PLS-SEM) describes the relationships between shoot emergenc

e , leaf and soil physiological and biochemical parameters and light intensity and nitrogen. D. latiflorus light and nitrogen

effect are shown in (A). Values above arrows (i.e., from circles to rectangles and those close to environmental factors) ind

icate loadings. Solid red- and blue-colored arrows represent positive and negative relationships, respectively. The width of t

he arrow is proportional to its significance level. Numbers near arrows represent the standardized path coefficient, while R
2 represents the proportion of variance explained for each variable.

W REMACHY: **F0R p EAE 0 ~ 0.001 Z[Al; **3FIR p HAE 0.001 ~ 0.01 Z[i); *FR p HLE0.01 ~ 0.05 Zji. JEEALBENS FRYT S 25 &
oo o R AR AEAE NS E B RS N N( B TR, Car: K% N&; Chls: MMEEE; ETR: AHTFAERESE; P 1#aAHE;
Opgy: PSTLSEBRGALSAHZR, NSCs: AR5 MIMERR KL &1 ST: ¥EH; shoot: HIFFHE; LC: MARREE; LCLN: MABRELL; LN: H AR S E;
LNH,*N: 8% LNOy-N: A E: SC/SN: h3EpRibl: SNH,-N: THEEEH.

Note: significant codes: *** means the p-value is between 0 and 0.001; ** means the p-value is between 0.001 and 0.01; * means the p-valu
e is between 0.01 and 0.05. Direct and total effects of light and nitrogen treatments on shoot germination number, leaf and soil physiological and
biochemical parameters of D. latiflorus are shown in (B). Car, carotenoids; Chls, total chlorophylls; ETR, apparent photosynthetic electron transport
rate; P,, net photosynthetic rate; ®pgy, PSII actual photochemical efficiency; NSCs, nonstructural carbohydrates; SS, soluble sugar; ST, starch; shoot:
number of emerging shoots; LC, leaf total carbon; LC/LN, leaf total carbon / total nitrogen; LN, leaf total nitrogen; LNH4*-N, leaf ammonium nit

rogen; LNO;-N, leaf nitrate; SC/SN, soil total carbon/total nitrogen; SNH4*-N, soil ammonium nitrogen.

4 PHig

4.1 RALEBETHRTFEEIERNE

FEANEE S MR ) A KR B R A 1) B R R T CE R R A, 2024) . 7E— @R i &UE it A
&, WRMEHEM SRR AR, KM AR, REDGEREEFEY L 487) (Fu et al, 2020; Liu et al.,
2019). TEREIINT, FHIRRTIH A SR 2 A SO IR A 8 B — @ i@ BiPE, Chls A1 Car & &
I ' B i 2 AT 184 o, o 75 8 B 22 (R4 3ORR DB 2% (Yorio et al., 2001), 1H7E & &AL HE,
10%J6HREREE N Chls Al Car & 298/, R 10% 55 ) 5 B0 AL R IA 31 5 3 BRT W g Bl

556 £ S8t A Chl a 1 Chl b 7+, Chl a/b [, o DUER IR 2 (e, RdbaaE
H, XS RS am BRI T e — (LM, 2013). FIAMITE R — L IRGEERE T Chl
a/b BEIGHRGER B PRI, HAE 10% 600 58 B R I AAR, (HAREA T EII, (248 Chl a/b [ HE 8
B AR T T v 3 3 i@ 1) 800 R T3 e & i R b — e T BB R R AL RS & B (Rui et al., 20
09; Rambo et al., 20100, ZZfi T OEIA R FEAPDEE ORIFA, RERT IS eENE. F—RERiL
HR, HAVIHRRTIE 10%H0 40% 618 58 % B A sy Car & & AIEUIK Car/Chls, FRINH B B AL FE 5 55 H R
Pyt R e R ae D SRR = T ORI ICRE T, BE5R T §50% R Car X Chls IPRY/ER (Wittmann et al., 2
001),

R R A R BER K2 FEA G A 2 B IE G (OCSURTEE, 20000, YA B T Lo id 5t K 4
AR I R R EERE, DMRPOLE 2 E A i#i®E (Campos et al., 2014). 7E[F—&RZAH, FiH o
psi A1 ETR PG IE SR B BT T, SEblfl R 5o G i P AL BRI R % V), R UIF56RT LU N
FRAT It P Xof S RE A SR A S F IR FE AR R R, A L RERE AR 55 6 IR B R OREF 78 R OB REREAT L& 1EH
A FE, SRR Fy/Fy A B3 ER0% (P<0.05), EHELHE T Fo/Fo KT IEHEE (0.75~0.
85) (Rascher et al.,, 2010), 7] RE5 H 5 iR IR HI SR AT A2 K B 5 M B o618 S 8] AN 8 1A
K, FEUHIDGMHIR (FEEEE, 2014). HER—F R, 10%F0 40% 6158 FE 7205 12 = H 5 i
BRI IR Fo/Frn, PSIHR OGS BT P2 R AESS G PR, REARRYT XS 9L BE MR, X 5458k (H
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ydrangea macrophylla) (% E %, 2017). A (Thuja sutchuenensis) (XEHSE, 2011) FMFAER—
.

4.2 FERAIEXFEART S & PR RIS IR

e LR S R U3 A B A LA R 5, A R E R R I 1 R BB R WA AR A 1 A TR
AR E MR AU, SRR AR I EROKAG S SR A P B IR U YR A (Urban et al., 20
2. EHFVIH, 100% R . @ EACIAR TR AN B, JEmA NSCs S EMRRE.
KLY 7oK SRR RS i Bt G e R E A (Kasai et al., 2008), & &M SR GRE
TR A VIR R FECT M AV Py A gy (UBRAR, IS8 7 AFERLAE 70, R m AR
FR 5 B0 H ST IR AT e &1 E FRAZEAE — 2 40 . 7ER— 2K Ab B, SS/ST 7 40% G s RIMEL =, JUH
S EAL B, VERTE 40% G REE BN PR R T AR, A R TR SR v A T R R El
WRBETEMEA G AR BUE b 2 A 2 /38 5 CEIM A, 20200, 1H1E HFHHIHHTRK
B 5 A R B TCAH KA o

EHF R, eI GRAT B2 A BERE . nTVAMERE. NSCs Al SS/ST & (P<<0.05). 7E[A—% &k H,
REME . PIVATERE . NSCs Fl SS/ST ¥ITE 10%F1 40% M HE SR AR T 100% 6 SR AL, R A EE B AL BEFEAR T v
A TG RS T, IS T RRYT I R R RE ) (FTAREE, 20090, X 5% (Mu et al, 2021). FJF
¥A (Pinus bungeana) ({H1H#, 2014) FEWHFFTEE R — 2. 100% 6 FRRAT G AAEHIER, XMNFRSFR=E
w, Hh R R A ER B A B RBER (P<<0.05), 7ERRAEEE TS 78 L MR EE T RRAT I B RE B
B RVTEFZER R IRE TR RS, XS EEN KB M Czijuan® tea) (XI{EFF, 2016) MEZFHT KR
Wa BIF 75— 3. AE S, ek S S R A BORAR DG, FTREH TUEM 5 Chls. Car AT Chl a/b 2 IE
M, b Chl a WEBIMIEKR, ARITEB R (RIS, 2011, [RIFTEH 5 s & (R A # 6t
G 10%F1 40% 6 R 5 55 HA RN I B2, F 00 H AR R B AT 70 CBRR AT S, 2007). 76 A — & R AL 2,
SS/ST #£ 100% 58 B 2 25 5 T He G IR, R BIsEE NIRRT ORFr s & e 7y, ARk, ik 7
TER AL N AT IR, ki L R B KRB RAREESD, N2 BRI T TR

AR 8, WA R KIC S S B SS/ST A2 e IR R B & R (P<0.05). KEAH T 4
0%t [ 55 5 5 3 P BKAL S 08 B (P<<0.05), RBUHITE 40% 61858 B N BRAT B A B m i s A 7=
RE ST FIBR [F AL RE ST o BAEH =B AL, #2805 H A — 3, JA7E 100% 6 HERE T R IR m, £
ORI R, BRYTA R R R B S, FIR Pn A gs Bim, JeAERRR, LETMRZ, BYA
JE IR AR Z TV, 15 100%'6 I 3R T 23R BN 5 55 28 i R AU DA OG .

4.3 RN FHEARYIIT R F LI R AT IR

TP R I B R i A2 I o A1 I AR 3 FE AN 92 40 T8 ok R 3R R e 1) o PR B AR B R
IITRT R 2 S i GRS & (Chen et al,, 2017). JGRACHE H B HIHBRYT LC. LN B AT B3 F 308 (P
<0.05), HH LC. LN & E=7E 10% 6 IRE . mE AR IR &, R A BN IR 79506 TR o
HERRTEEERZ C AR, f&m 786 P A ERERSE, R hotE i K4 (Peltoniemi et a
L, 2012). HEPM - C/N AT LU BRAE ) RIS 752 23 i E 4G C fRE T, RIS C/N SO i i AR Kok
(Chen et al, 2017). 7£ 10%H1 40% M HEE, MEKFF LC. LN S ®REAL, RV A hn b
FAACEE R E AR Kl %, $e Rtk C R

JCRAC B R AT LN &, HE5F SRR B ABERIEM G, R M L
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N 28 (Landi et al., 2020; Harmens et al., 2017), 2 7 AT A F REH ROV R FHR. E£FH—%
FAH, LC &EAE 10% R R/, ML FeA T C geiitm, JUHRTE+H EM A AL,
10% G BR N 5 2R i R BUIC T 40% 0 100% 6 I 5B, IX AT RE BT 55 v R BRAR S o, AEOGIRTR 1.5
~7.5 g IVREIREETRIE R il C IRREL, AT RN BRI T SR A TR, FESE N HUR A B Ay
EEEL B3 5 (Hermans et al., 2006).

PR R R E WAL 5SS E IS (Wang et al., 2015), A HEHIM, LNO;-N 1 LNH4*-N
oK A S BAFER A M, TEMRYE . H s EUKF TR i F R S b S W 2R S i 2
4 LNO3-N Hl LNH4*-N FACSR 4 T/ i dat, HpE 5 5 2 R BOGH . LNOs-N #1 LNH4-N 5%
WSRO SV S BT BRI, JoHZ LNH N & & 5 A RIRK A S R &
Fat—, RN 40%ICHRIRE . IREABEEE 100% 6 RS0 . i B BN RAT e & A AE 71 12
A RUREE T NV RR R, AR A R B T, AEDGEAL X AR LNH,-N & & AH
HREREER.

TR B AT R R LA DR 2 i B, I3 R L AT RSO 3R] 2 (Huang et al, 20
15). fEHFEWI, SHEAFEXS SN Ml SC ARA BEREIEMFAZ BEAEM, A G T, 5 SN, SC B
SRIEAESGHE, HAd T, 5 SN, SC BEG AL EH—5, RO LI C AN fEERmW 7 ZABEE,
[7] e A B o i P K 2038 B BE T IR S AR 7] o 40%'6 R BE B  BRAT 25 28 B R B0 T, SN I SC #1152
M. SC/SN. SNO3-N fl SNH4*-N 5 HESHIGARA B EMK. BNFAY, £ 40%H 100% 6 ERE, S
C/SN. SNOs™-N Il SNH4*-N ¥J7E 1.5 g AT GUKFRIE S, RUEMRELAIE T, JolaR it g
m IO E R M R, R LA C L, $EE SC & &, ST LIRMRI R, RAGRE R
AR R S, 2020 o 78 H 58 IR Y, 3 R EURFIE 5 55 28 W RO LB 28U A BAT B R M .

5 &k

i BRTR, fEJCIR-EERR G HLE R ORI, M, EUEEAER o u R R BRI, DA
PRI R A A A R, SRR R X A SF AR E B 5E. Rth, 7ESE AR xS A B R AR
NOGHRAIEEALLS, RS S (R A R IR T AEKOR E AT RAFE S TR U S 2 R g
TR, (e F AR R R AR, 75 H B AR IR R R AT PR . (A5 RE 2R BRI K 4y
B YIS, R R T BRI AR /K 405 AR SR RR AT 55 28 R ML R . DRI, T DL &
HEAE O RAS, W 2 K E WS E 737 KRG 2Tt 7.
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