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Abstract: Using two factors (2x4) randomized block design, effects of different Ca applications (0. 00
(CK), 0.40, 1.00 and 2.00 g - kg”' Ca]) under different N levels (0.12 and 0.20 g + kg™ N) on
photosynthetic pigment (including Chla, Chlb, total chlorophyll and carotenoid) content, photosynthetic
parameters [ including net photosynthetic rate ( Pn) , transpiration rate (Tr) , stomatal conductance ( Gs)
and intercellular CO, concentration ( Ci) ], photosynthetic efficiency [ including net photosynthetic rate
under saturation light intensity (Ps), dark respiration rate (Rd), light compensation point (LCP) and
apparent photosynthetic quantum yield (AQY )] and leaf dry weight per plant of Nicotiana tabacum
“G80” were researched by pot experiment. The results show that as compared to 0. 12 g + kg™ N level ,
contents of Chla, Chlb, total chlorophyll and carotenoid, and Ps in leaf and leaf dry weight per plant all
increase extremely significantly under 0.20 g - kg™ N level, but Pn, Tr, Gs, Ci, Rd and LCP in leaf all
decrease extremely significantly, while AQY in leaf decreases slightly. Under condition of Ca application
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lower than 1.00 g - kg™, with increasing of Ca application, contents of Chla, Chlb, total chlorophyll
and carotenoid, and Pn, Gs, Ci, Ps in leaf and leaf dry weight per plant all increase, while Tr, Rd,
LCP and AQY in leaf all decrease. And under condition of Ca application 2.00 g - kg™, most of indexes
decrease. Variance analysis result shows that effect of N fertilizer and Ca fertilizer interaction on above
photosynthetic characteristic indexes of leaf and leaf dry weight per plant of N.
extremely significant level. According comprehensive analysis result, it is suggested that applying 1.00 or
2.00 g - kg”' Ca under 0.12 g + kg™' N level or applying 0.40 g - kg™' Ca under 0.20 g - kg™ N level
all can the furthest improve photosynthesis ability of N. tabacum leaf, and are beneficial to accumulation
of dry matter in leaf.

tabacum all reach

Key words: Nicotiana tabacum Linn.; N application; Ca application; photosynthetic characteristics; leaf
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dry weight per plant; variance analysis
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T o 5 IR A R R ) R A R F AR
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Table 1

Effect of different Ca applications on photosynthetic pigment content in leaf of Nicotiana tabacum ‘ G80’ under different N levels')

ANV EUKFT M7 2R o & it/mg -

Chla content in leaf under different N levels

Ji G /g - kg

- RREKFET MR B4R b 55/ mg - g™

Chlb content in leaf under different N levels

Ca application

0.12 g-kg'N 0.20 g - kg”'N SEHYME Average 0.12 g-kg'N 0.20 g - kg”'N XA Average
0.00(CK) 1.55dC 2.12¢B 1.84cC 0.59¢C 0.76bB 0.68dD
0.40 1.74cB 2. 19bA 1.96bB 0.67bB 0.84aA 0.75bB
1.00 1.80bB 2.23aA 2.02aA 0.74aA 0.83aA 0.78aA
2.00 1.92aA 1.98dC 1.95bB 0.72aA 0.72¢C 0.72¢cC

SEED Average? 1.75bB 2.13aA 0.68bB 0.79aA

RNV FURFT M A SR & /mg - g™

Total chlorophyll content in leaf under different N levels

Gt/ g - kg™

RIFEKT T H a9 N E A /mg - ¢!

Carotenoid content in leaf under different N levels

Ca application

0.12 g- kg 'N 0.20 g - kg”'N FEHIE Average 0.12 g-kg''N 0.20 g - kg”'N F-HIMH Average
0.00(CK) 2.14dD 2.88bB 2.51¢C 0.33bB 0.41bB 0.37bB
0.40 2.41¢C 3.03aA 2.72bB 0.33bB 0.42bAB 0.37bB
1.00 2.54bB 3.06aA 2.80aA 0.37aA 0.45aA 0.41aA
2.00 2.64aA 2.70cC 2.68bB 0.39aA 0.37¢C 0.38bB

SFHIE?) Average® 2.43bB 2.92aA 0.35bB 0.41aA

[ 50 o S [ (4 /NE FIR S Bk 43 51 26 7m AS [l Jti 45 H AL BRZELAE 0. 05 10, 01 7K [ 2253 1 3 Al 53 Different small letters and capitals in the
same column indicate the significant and extremely significant differences among treatment groups with different Ca applications at 0. 05 and 0. 01 levels,
respectively.

2 RATHARS [ /NG R S 43 51 4R R [t U A B AL AE 0. 05 1 0. 01 ZKSF 125 5% 35 R 8 3% Different small letters and capitals in the
same row indicate the significant and extremely significant differences among treatment groups with different N applications at 0. 05 and 0. 01 levels,
respectively.
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o T Ab AR PR ; ik 1.00 F12.00 ¢ - kg™ Ca 4b
FRYI TR b RIS N RS RITEEES,
RS H AL PR R A7 TR (5 25 57 . TEE LS 0. 20
g - kg BRI, MR ISR o RIS R T2
BNESEYLI1.00 g - kg™ Ca ALFRLH B, 40 01K
2.23.3.06 F10.45 mg - g ;442 b S EMLLO. 40
g - kg Ca AbFHLH Fc 5, 155 0. 84 mg - g7, TEJEA
0.20 g - kg AT, 0.40 F11.00 g - kg™ Ca 4b
RN RIS b MBS E & R 22 SR
MR o MZEAE NREENAREES JFHKRZ
e i 2 TATER(0.00 g - kg™' Ca) F12.00 g - kg™ Ca
Qb

1B L. 7E0.20 g - kg™' N KB R H#y
M4 R o MEEER b BTSRRI N RS’
PUEIIN B T 0.12 ¢ - kg ' N KEF 5 766 45 5
flEF 1.00 g - kg™ BISAFT, B It 45 & A9 14 m it 5
4 UG OR S RTIEI BT B 5 i
2.00 g - kg MAME IR T RE, HAEMES & 1. 00
g - kg AT 4 LB ORSTRTEHEIN
Fen THADAL IR

T 22 e (3% 2) R AL A58 DL /T
SEERE B AEX G AR AR o HARER b BT

£3 TAREEBKETARBESENERERT G80’ i &S Hmzm

GIENID NN wes A DRI T E v o
2.2 AEEKFETAREMEGE LR E XS SH
sbEA

ANV RK ST AN [5) it 5 455 % 45 40 it i © G8O* I
G R (Pn) FEIBHORE (Tr) AL (Gs)
FIMEIA] CO, MR (Ci) BT L3 3,

H# 3 W LVEH FEME AR 0.12 g - kg ' 5F T,
I it 5 e T AR 5, it B P T R Ci 4038
5, Gs MZEMEAS EI T 1.00 g - kg™ S5 T B 555 1
B 45 5 I T R 7N B EE 2,00 g - ke AR N ER R
T AE T A 0,12 g - kg 51 R, 1.00 F12.00

R2 FIEMESEXERSM G HEXEBESEFMMNATES
HreE R

Table 2 Variance analysis result on effects of N and Ca fertilizers on
photosynthetic pigment content in leaf of Nicotiana tabacum * G80’"

AREE HKAGKREY F{E F value of different indexes
Variation

factor Chla Chlb Chl Car

N 1 133.50%x  340. 35 1 106. 38 137. 28
Ca 46. 17#x  62.73#:% 69. 163 13. 133
NxCa 95.27#%  52.90%x* 104. 81 23. 57 %

D Chla, W& % o &8 Chlorophyll a content; Chlb. M4 E b &a
Chlorophyll b content; Chl; G M4¢ZK & Total chlorophyll content;
Car: 5% N ZE & & Carotenoid content. ##; P<0.01.

Table 3  Effect of different Ca applications on photosynthetic parameter of leaf of Nicotiana tabacum * G80’ under different N levels')

AT M 9504 A/ wmol + m™

Net photosynthetic rate of leaf under different N levels

M5 /g - kg™

- 57! AR EUKFE TR 28153 /mmol ' » m™2 -+ 57!

Transpiration rate of leaf under different N levels

Ca application

0.12 g - kg'N 0.20 g - kg™'N FH{H Average 0.12 g+ kg 'N 0.20 g - kg”'N F-H{H Average
0.00(CK) 9.52dC 12. 14aA 10.83bB 3.35¢B 3.64aA 3.49aA
0.40 10.93¢B 10.43bB 10.68¢cB 3.43cB 3.25bB 3.34bB
1.00 12. 10bA 10.23cBC 11.17aA 3.62bA 3.22bB 3.42aA
2.00 12.33aA 10.17¢C 11.26aA 3.77aA 3.15bB 3.46aA

—TFyij{Ez) Averagez> 11.22aA 10.75bB 3.54aA 3.31bB
ARREKFTF A RS E/mmol ! - m™ - 57! AR AR TR R CO, ¥R B2/ wmol + mol ™

A5/ g - kg™

Stomatal conductance of leaf under different N levels

Intercellular CO, concentration of leaf under different N levels

Ca application

0.12 g- kg™ 'N 0.20 g - kg”'N EHIE Average 0.12 g+ kg'N 0.20 g - kg”'N FHIE Average
0.00(CK) 170.5dD 177.8aA 174.2bB 201.7dD 206.7aA 204.2bC
0.40 181.5¢C 168.2bB 174.9bB 209.5¢C 205. 6aA 207.6aAB
1.00 189.7aA 164.7¢C 177.2aA 219.3bB 197.7bB 208.5aA
2.00 184.0bB 161.3dD 172. 6¢C 223.0aA 188.0cC 205. 5bBC

SEAMED Average?) 181.5aA 168.0bB 213.4aA 199.5bB

O [E3) th AR 1IN TR B 2843 B 26 R AN Rl 45 i A BRZH 76 0. 05 11 0. 01 7K | 2% 5 0 3 F1 4] i 3 Different small letters and capitals in the

same column indicate the significant and extremely significant differences among treatment groups with different Ca applications at 0. 05 and 0. 01 levels,

respectively.

2 [FAT PSR /NG TR k43 B e AN Rl & S AR BRZEE 0. 05 F1 0. 01 7K | 2% 5 58 3 Bk i 3E Different small letters and capitals in the

same row indicate the significant and extremely significant differences among treatment groups with different N applications at 0. 05 and 0. 01 levels,

respectively.
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g - kg Ca AbBHZHAY Pn Tr Gs Fl Ci 4 TGS 5
i, W R 3 m TR (0.00 g - kg™ Ca) F10.40
g - kg Ca AbFRA , TEMEA R 0.20 g - kg™ &4 F, 1
R P Tr Gs 1 Ci HBEAE 655 5 094 = T e,
H{L0.40 g - kg™ Ca AbFRALY Ci 5 XFHRJC B 3% 25
S ,170.40.1.00 F12.00 g « kg™ Ca AEFRLH ) Pn T,
Gs F1 Ci 4 WOLESHEIN R ZH LT X,

M3 A WL e A+ 0.20 g - kg WIS R
MY Pn Tr Gs F Ci B-F- {1 2 KT 0. 12
g - kg 'N AbHEAH  AERIAG R 0.40 ~2.00 ¢ - kg AUSS
T, P Bl T 11 240 {8 1 o it 575 o £ /&5 10 T+, Gs
FN Ci B T35 18 0] e 5 e 2 o 7 2 AR 5 o N T
o e A R R R A I AE S 1.00 ¢ - kg™
0P S Ca v g

5 25T a R (3 4) R WY BE B I L SCAE
SR EAEX B it O & S5 Pn Tr Gs F1 Ci 1)
A RPNl AT S O
2.3 AARKETAEEBEXEEMN FXEHE

spA |

AR KT A [ 7 4% 2 %8 95 A A © G8O i
AR A BB BE T B O A B (Ps) | I IR IR AR

£5 ARABRKFETARMEHBESTEERF G80’ i FtaRazm"

(Rd) JEAME S (LCP) MR M4 B T 80K (AQY)
M IR 5 .

RS ATLUAE . AR 0. 12 ¢ - kg 1951
T,1.00 F12.00 g - kg™ Ca AbFRLH 1Y Ps A5 H %
)22 A% ,0.40 Al 1.00 g « kg™ Ca AL HZHAY Rd
FIAQY M H —F Mt R %25, 1.00 g - kg™
Ca AL FRAH 1 LCP f5 sy HAK 2 38 = o Ath b #E 4
TEME A 0.20 g - kg ' B9 7% £ 7,0.40.1. 00 F12. 00
g+ kg™ Ca ALBRZL Y Ps Rd \LCP Fll AQY MM T %} ie
(0.00 g - kg™ Ca) , {HA5 A FRAL ] Bz Ho 5% B8 6] A9 Ps

SER R AL B R LCP I AQY ¥y 5%+
iﬂ TIRASE RS AR S0 GSO’ M ot & S H B 77 £ S 47 4

Table 4 Variance analysis result on effects of N and Ca fertilizers on
photosynthetic parameter of leaf of Nicotiana tabacum ‘ G80’ "

AR RER KIBBRIY FAH  F value of different indexes
Variation

factor Pn Tr Gs Ci

N 121. 0933 65. 16%* 1 207.70%%  613.67*x*
Ca 39. 59k 5. 63 24. 603 11. 853
NxCa 642, 31%* 47.90%x* 359.58%%  256.45%%

DPn: L& #%E Net photosynthetic rate; Tr; TR R Transpiration
rate; Gs: SHLEE Stomatal conductance; Ci; fdH] COZWB{‘ Inter-
cellular CO, concentration. ##; P<0.01.

Table 5 Effect of different Ca applications on photosynthetic efficiency of leaf of Nicotiana tabacum ‘ G80’ under different N levels"

ARREKF T Ps/pmol + m™ - s

ﬁ@%@%/g . kg_l Ps of leaf under different N levels

AFEKFEFH A B Rd/wmol » m™2 + 57!
Rd of leaf under different N levels

Ca application

0.12 g kg'N 0.20 g - kg™'N FHIE Average 0.12 g+ kg'N 0.20 g - kg”'N F-HIMH Average
0.00(CK) 9.00cC 11.37aA 10.21¢B 1.288bB 1.383aA 1.336aA
0.40 10.27bB 11.10aA 10. 68bAB 1.531aA 1.128hB 1.329aA
1.00 10.77abAB 11.00aA 10. 88abA 1.519aA 1.053¢BC 1.286bA
2.00 11.17aA 11.23aA 11.20aA 1.170cC 1.007¢C 1.089¢B

AL Average? 10.31bB 11.18aA 1.377aA 1.143bB

WS/ g - kg™

Ca application

AR EIKFE TR A LCP/pmol - m™2 - 7!
LCP of leaf under different N levels

ARIEEAEF A B AQY/mmol + mol ™
AQY of leaf under different N levels

0.12 g- kg''N 0.20 g - kg”'N SEIME Average 0.12 g - kg''N 0.20 g - kg”'N SEHIME Average
0.00(CK) 70.56¢C 87.90aA 79.23aA 18.10bA 19.00aA 18.55abAB
0.40 76.40bB 63.74bB 70.07bB 19.05aA 18.38aAB 18.71aA
1.00 80. 87aA 58.81cC 69.84bB 18. 65abA 17.50bB 18.07bcAB
2.00 62.73dD 59.98¢C 61.36¢C 18. 13bA 17.65bB 17.89¢B

F-H{E> Average?) 72.64aA 67.61bB 18.48aA 18.13aA

D Ps; MG R SR FE R BG4 3 2R Net photosynthetic rate under saturation light intensity; Rd; F5FFIZER Dark respiration rate; LCP; YEkMZ i,
Light compensation point; AQY : FWGE 1 FRUE Apparent photosynthetic quantum yield. [R31HPAS R A8/ FI RS S26E 43 31 26 78 A ) e 75
ALBRZITE 0. 05 F1 0. 01 7K I 22 5 . 35 FAl [ % Different small letters and capitals in the same column indicate the significant and extremely
significant differences among treatment groups with different Ca applications at 0.05 and 0.01 levels, respectively.

2 )47 HPOR ) /NG TR S R4 50 32 R AN [l it S AL FRZE A 0. 05 F10. 01 /K- | 2% 5 B 3 Al 8 2 Different small letters and capitals in the
same row indicate the significant and extremely significant differences among treatment groups with different N applications at 0. 05 and 0. 01 levels,
respectively.
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%24 &

MA ML 25 (0.40 g - kg™ Ca ALFRA () AQY F&
HR) fH1.00 F12.00 g - kg™ Ca ZbFRZH 8] F 9 Rd .
LCP Fil AQY L EER,

s ] . 7EfE A 0.20 ¢ - kg ' WURIEF,
M5 Ps AR R = TR 0. 12 g - kg™ '
AT, H R R LCP (- YEII B E KT IE 4
MAEMi % 0. 12 F10.20 g - kg WIS M A
AQY FHIMH 22 RN 2, Rl A A, 5 A4 &, Ps OF
PI(E S B T 0 % Rd F LCP P24 {f 5 7% 7 %
TR AQY I AR -t S i W AR 34

T AR (£ 6) XU AMXT I AQY 1Y
SEMAN 3 (HEAEXS I Ps \Rd Fl LCP A9 5200 LA 2
AL A E AL 5 8 B AEXS I B Ps \Rd \LCP 1 AQY )
FATp BT T S

F6 FIEGHEX IR ST G80’ M A XA MEHIMM T EDTE
gy

Table 6 Variance analysis result on effects of N and Ca fertilizers on
photosynthetic efficiency of leaf of Nicotiana tabacum * G80’ )

ZIEWRNY F{H  F value of different indexes

Variation

factor Ps Rd LCp AQY
N 39. 31 % 279.75%x* 122. 445 4.18
Ca 9. 12 70.25%x 257. 92 5.26%:
NxCa 13. 95 83. 66 343.99:x 6. 755

D Ps; ML YE B3R R AY ¥ 45 38 % Net photosynthetic rate under
saturation light intensity; Rd: Hf M 3% % Dark respiration rate;
LCP. Jt#MZ 4. Light compensation point; AQY ; FWIG A w FRLE
Apparent photosynthetic quantum yield. #*#; P<0.01.

2.4 ARARKFETAEHEEEXEE LK F TR
ERNHI

ARV EIK T T A [ i 4% 2 % 45 40 < G8O .
BRI R R R L3R 7
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Table 7 Effect of different Ca applications on leaf dry weight per
plant of Nicotiana tabacum ‘ G80’ under different N levels')

AV RUKFET B BRI Jr T BT g
Leaf dry weight per plant under different N levels

A/ g - kg™

Ca application 0.12g k!N 0.20 g - kg N /:\r:(jf;gﬂe
0.00(CK) 51.47bB 60.47aA 55.97bA
0.40 51.91bB 60.29abA 56.10bA
1.00 53.97aA 59.58bA 56.77aA
2.00 52.20bB 55.63cB 53.91cB

SEIME? Average? 52.39bB 58.99aA

D] SRR /NS RS S5 43 5 3R R A [ 45 bk b B 4L A
0.05 #10.01 7KV 1257 W 2% AR 3 Different small letters and
capitals in the same column indicate the significant and extremely
significant differences among treatment groups with different Ca
applications at 0.05 and 0. 01 levels, respectively.

D6 A OR[N NG RIR S S B 53 303 S T i 480 ek A #1407
0.05 F10.01 /K- I 25 57 . 2 A% | % Different small letters and
capitals in the same row indicate the significant and extremely
significant differences among treatment groups with different N
applications at 0.05 and 0. 01 levels, respectively.

0.12 g - kg WIZMT . TEMFSEMLT 1.00 g - kg™
BIZCPET , Bk B A4 P B 3 S B 4 2
BT A IR AEESS 1,00 g - ke BUSR
PF R BB R B0k IR A AY 22 53 ik 287K il 85
IBEN 2.00 g - kg™ IFEBRI T B B (E R 22
T X

Jr 2T A R (32 8) R R A5 IE LA K RIE
5 G IS AT e P BRI R T 4 R I 2 3k B A
BEIKF,
i;”‘ﬁﬁlﬁﬂ%@ﬂﬂﬂ%ﬂﬂﬁzﬂl ‘G80’ kRt FREM MM T E S

Table 8 Variance analysis result on effects of N and Ca fertilizers on
leaf dry weight per plant of Nicotiana tabacum ‘ G80’ ")

AR ZE Variation factor FAH F value
N 1 060. 33
Ca 37. 02
NxCa 40, 53%*
D sk, P<0.0L.

3 itk fegE i

RR LAY PR A A AR A 2 2K 25 ) T )
BRI L A Y AU T P BN A
it ]2 T S A 14 D' S SR MM D e i e |
R NGOG AR (Pn) LT Al AR 7 R
i AR ARG R ) 2> S BRSO S R RE S T
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B2 O VR, AT 45 R . Sl
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MR B AR A ZE BT R, it A L — 2
1) L 0] 2 AV I e A TR PR, JHE 3 A s PR Y
B EE S RN S B R E R R, F 508 A
Wk Rk 35 4 6 A VR DG RN 5 77 A= 9 [l 4k 7 ( ATP Al
NADPH) , Se 4380 fii CO, [RMERCRIFAL, 1Ak, ARk
T B AL, AR VE P as 5, AR P 1l A Bk
[ AR FH SRR R 1 BE 1 BRI, 238 CO, Rk sk b
%, R, A 22 e =[] FE v] S S0k 9 IR) 1k 350 R %
S, 50.12 g - kg ' A RAH L ,0.20 g - kg Jiti
R REME Itk 35 R 10 6 A T o R R Y B B R Y
HOLA R R4 = L G AT A R I G I
W% | I AT A 7= 0 1 T RE 2, TR) A BRI b
P LA A T R T AR TR IE R DL A R T
R T AR IRAS , (e MR R X Y6 i B ) FH 6 1 46
LR R KT AR SR K A VR AT RE T 14
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M2 2 A BB LR A, X SN H Y kR
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Fef AR AL ERE] CO, e B, X 5 b A BT
FELEHRO g X Al BE SR B TS A BY T 4k 1
2 A B 25 ) i 8 e M, R 558 Rubisco i Al PEP &
FRBEAG I TE ) T R CO, BRALBICR s W 1Y

S HERE; RIET, 50 7] RE fEAE A 2 A RO A
TR LA B AL G A A5 DG A VR T Ok 8 v e 4 i AR
FHPRT 5 0 L P it 5 5 3 R % 12 2 A0 -
F TP B AR R | 3K T BEAE T A S RE A £ aE s
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AW AR T FE 5 E5 0 BAEXT 8 Mt Rt
HEETE LESE LA BRI T
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