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kg N/hm? ) XFIBRIKURS A1 Bt ARG R SRS e B S RO BB . BRI R 2y it R i TR R
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Effect of nitrogen application rate on growth and leaf photosynthetic

characteristics of Jatropha curcas L. seedlings

YIN Li', HU Tingxing" ", LIU Yongan®, XIE Caiyong', FENG Yi', YAN Zhen', LI Yinhua', WANG Yongjie'
1 College of Forestry, Sichuan Agricultural University, Sichuan Provincial Key Laboratory of Forestry Ecological Engineering, Ya'an 625014, China
2 Forestry Research Institute of Liangshan Prefecture, Xichang 615021, China

Abstract; Nitrogen (N) is an important component of chlorophyll, protein, nucleic acid, and some hormones in plant, it
also controls the growth and development of plant in many ecosystems. N availability has been recognized as a key constraint
to plant growth. The N demand of plant and corresponding N application availability is becoming the research focus of plant
nutritionists and physiologists. Jatropha curcas L. is an potential woody oil species which wildly distributed in south China.
However, the effects of nitrogen supply on growth and photosynthesis of J. curcas are poorly understood. Whether N
application on seedling stage can promote the survival and growth of J. curcas at dry and poor conditions have certainly
became a key problem for its extensive cultivation. In the present study, the characteristics of growth and leaf
photosynthesis of J. curcas seedlings with different N supply levels were investigated.

The experiment was conducted in greenhouse from May 2009 to September 2009. On May 1%, J. curcas seeds were
sowed in plastic pot (diameter 27 cm, height 22 ¢m). Twenty four such pots were prepared with four different N application
rates ( Control N, : 0 kg N/hm’; Low nitrogen N, : 96 kg N/hm”; Medium nitrogen N, : 288 kg N/hm’ ; High nitrogen N,

480 kg N/hm’). After two months of treatment, morphological and biomass indices of seedlings, leaf gas exchange,
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chlorophyll fluorescence and some biochemical parameters were determined.

The results showed that the content of leaf N, soluble protein, plant height, biomass of different components, net
photosynthetic rate (P, ), stomatal conductance (G,) , transpiration rate (7,) and water use efficiency ( WUE) increased
when N supply increased from 0 kg N/hm’ to 288 kg N/hm’, and then decreased when N supply reached 480 kg N/hm’.
The growth vigor of J. curcas with N, treatment was the best and all measured gas exchange parameters was the highest
among all the four treatments. The promoting effect of N application on the above-ground biomass accumulation was much
stronger than that on the under-ground one. N applications significantly decreased the root-shoot ratio. In addition, the leaf
chlorophyll content, maximum quantum yield of PS Il photochemistry ( Fv/Fm ), effective quantum yield of PS II
photochemistry (F'v/F'm), actual photochemistry efficiency of PS I (@, ), electron transport rate ( ETR) and
photochemical quenching values (gP) increased with N application rate, while the non-photochemical quenching values
(NPQ) exhibited a converse tendency. Results suggest that when J. curcas grows on the site with N deficiency condition,
increasing nitrogen supply can promote its growth of root, shoot and leaf, and also enhance its photosynthetic capacity by
improving photochemistry quantum efficiency of PS Il , G_ and carboxylation efficiency. While the N, treatment may have
exceeded the optimum N level for J. curcas seedlings. In this study, the optimum N application rate for J. curcas seedlings

was 288 kg N/hm’.

Key Words: nitrogen; Jatropha curcas; growth; gas exchange parameter; chlorophyll fluorescence parameter
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BRI ( Jatropha curcas L. ) XFR/MF | RAMAR , J& TR ERHRPOR 8 |, v HEEARBUNEAR, T 28
W2 0 A T3 ARG ST I 4 b DX FobF T B A= 0 50, 3 T 2R AE 60% LA L J&—Fh AT 5 KT
R STHAA R 1 AT FE PG R X, RO A 0 S i EORE MRS M 1 B ) HAE R ok,
R R BTN G TR AR R 7 s, i AE 2 EROKBER H S Ek | BeIEASHLA - MR e A
WIS LT, A OR K22 B0 AR 2 PP RO I A H I AR i 4 se IR AR, %
ZEPANEEN . AR, SIS AR R P A RS B SR B AR MR BRI AR R R A SR Y
B Te BRI S AR  RORE N T IR 4, B 2 RE T R RPN AE T 5 AR B S M A
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IR A DR DGR R, SRy, AR TR0 R FH AR T A 5 AN ) it 20 W JRRIKUR 40 1 A G AR S8 e S S 2R 9k
RN FE R R0 IR 17 1 1 Y B A B A 77 T UG R 3R 3t 1 722 A vy o 1 AR | 57 7 A JRRIKUAR ok 335 v i
T AR A MR S5
1 MMBEF=E
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15 22% ,pH 7. 68 , ML 13.87 g/kg, BA 0.65 g/kg, &M 0.31 g/kg, &8 2.43 g/kg, KIF A 47. 41 mg/kg,
B 18. 64 mg/ kg, B 47. 15 mg/kg, HEH EHRA 27 em [ FHAEN 17 em 5 22 em BYR LIRIEHL,
R AF RN T IR S (7 k) , DA X E i . #FHT, H 0.25% KMnO, %O 15 5
3 h, 7EE(26 C) TEM 24 h, 2009 45 F 1 HAEZRER 3 R, RF 575 A0, A4 R At s 1 bk, B
(AT B 8 B RGO IR AR

1.2 5t

I T 2009 45 A 2 9 ATk K2z =Rt Fe X SRR i kAT, it AL B X (N, .0 ¢/
%) MRA(N, 1.2 /7)) HPA(N,:3.6 ¢/&) AR A (N, :6.0 g/7h) 4 DIKF, 430 AH 25 F 0,96 288 480 kg
N/hm? | B EUKERE 6 %5, BT AN IR E (CN,H,0) , BEAE A KH,PO,(6.7 ¢/#%) ,AIEFH KC1(2.5 o/
%) A NEEHR S G 53 2 WOl 43 e s 1 AN H A2 A A 450 50% . Bt AE A FE K G565 2 Ky
B HEAT e A 7E B A AR 6—8 em ARIARRRG 8 em IREIIIE I K NERS &) Huit T3 10 Y, 88 +
1.3 WEmH 577k
1.3.1 AKEhH

2009 4F 8 H 16 H 43l e 25 Ab BEAR AR MR = M AR b R 50 BRI TR AR AR . ik L AR R FH A R
FERS R RGN E |, Bk i TR LE-3100 AE A5 0B AR (LI-COR , USA) M5E R HWCRPEBRE I, SR
SRR ZEFR A RS AR (R SR J5 B AR T 105 C AT 285 70 C AL R 1EE I i itk
THEA MRS A o A= ) e R L
1.3.2 JHtAESH

SALHZ41.2009 4F 8 H 14 H R LI-6400 fEHEXOGEVE L (LI-COR, USA ) I 2 - 4b A [R] FR A |
BUEAM R EOLE AR (P,) ZEBHR(T,) LT (6,) FURCH S, B RN E 6 REL B HEE
Rk ST 5 AN B , F 28 Y CO, M 380 pmol/mol 28 3R 3 28—30 °C HH N 1 819% —
83% A ARG (PAR) 9 1200 pmol -m™s™ [ #14E P /T 5K 53 FIFHRCR (WUE)

M2 RS 50.2000 4E 8 A 15 H kBB 5 58 e BITFH A, SR LI-6400 #5658 FAYL
B2 G BRI -4 B 9O 8, A IS Y 30 min J& |, SEFREHREIDE (<0. 05 pmol »m™s7") M5 F-
WILEZEE(Fo) , FEAIRAIYE (7200 wmol -m ™ s™ ) YR 1 s MR KZEE(Fm) , [F—FE M ERFEE Lt 226
PEYE(PFD 1200 pmol-m™s™" ) F , A BIFADE(Fs) , FEAEADE(PFD 6000 wmol - m™s7") B 1 s, A
THRKRIIC(F'm) , KHDCACATEE G, BT 2 C A S T /Nt (Fro) . PS TR AOGIL 2R 2 F e
(Fo/Fm) PSTARERT & (Fo/F'm) B L5 H 5 (ETR) FUOGCALE K 280 (gP) 5580 i A g B 1%
W RS EAEA T AT PS T L PR F R (Dogy )= (F'm—=Fs) /F'm, A2 3K ZE(NPQ) =
Fm/F'm-1,

2R 2 i . PR IR AL B A — B 58 4 JR I B S A I i 7 kT 32 ik, B HR 0. 100—0. 200 At
FFET 15 mL HIERXE 2R 80% NS JC/K LFEE(1:1) IR A IR HE 4 2R BRI 4 6o
PR
1.3.3 HWRHA&S

FEHETFHFER RS 0.5 mm G 5 (8 FHEILEG 2 &30 2 (LY/T1269—1999) (UDK152, VELP, ltaly) .

1.3.4 WhHAEHEA S

7% DT RL g G250 Ye ki) |
1.4 HdEabag

K SPSS 16. 0 4% 25 it 20 Ak B X 35 B0 E 4 7 5L R 28 T 22 93 HT ( One-way ANOVA) |, 3 #% 1SD 7E 17
ZR R EZE L, K Microsoft Excel 2003 B2l &1 2
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2 #RE5HH
2.1 T RRINOR 4 I S R AT PR 1 S

25 5 3 RRIKURR 4 i e S RO AT e A P Ot B P i e (181 1), i U K T 288 kg
N/hm? B e S 8 R v PR A AN B3 (P>0.05) o N, N, FI N A BRI H s BRI v 1 & i
WL N BT 39.14% 82.12% 86.46% F154.13% 67.79% .70.02% ,N, FI N, AL B H B2 A a7k & A
SR BEET N, M N (P<0.05) {H N, F1 N, AbFE 2 6] 2% 5 OR 5.3 (P>0.05)

il i
® o a a ﬁ;\) 120
v )
& a a
B 16 b i £ 100 - b
S 42
a3 L . ms OF
KE WE G0l o
i 2 gL #H o
) 5 40
2 4r FE 20}
=} 2
T 0 2 0
2 0 96 288 480 3 0 96 288 480
Jiti %8 & Nitrogen rate/(kg N/hm?) @ Jii g & Nitrogen rate/(kg N/hm?)

1 AEEERAKERINGEHFEERTAEESSE

Fig.1 The total nitrogen and soluble protein content of J. curcas seedlings under different nitrogen application levels

2.2 Tt RN RRIKORR 40 v AR R 2R

B 1 AT UL R 4l ik e AR it | it T RRIAR R 347 B s 2 ot 38 0 22 S T v S R P e 34
HA MRS FRAE AR ZEF AR I T Ny Horp N A PRk | T AURTAR A i35 & T N, (P<0.05) ,
MR R8RS N 22 R A EBE (P>0.05) ;N ARF kK& oA i 5 850 i i BRI a8 31 e iy L3
BEET N, (P<0.05) 435 b N3 T 38.87% 22.05% .36.84% 86. 12% Fl 17.75% ;N AbF k45301 A=
FEPRMES N AH LB RS BB & T N R Ny o B AT UL i R0 R AR 1 RO 4 B A 25 RN 1Y)
A LA Ny AR BRAfR R T B 2

F1 FREEEATRRAL S M2 A58 HERMIREK

Table 1 The plant height, basal diameter, leaf number, leaf area and root length of J. curcas seedlings under different nitrogen application

levels

HAT BERS/om 4/ BEHBCR R/ IR (en/bE) Kk om

N levels Plant height Basal diameter Leaf number Leaf area Root length
Ny 17.88+0.72 ¢ 10.61+0.94 b 9.50+0.65 b 447.45+19.17 d 24.40+1.08 ¢
Ny, 20.76+1.23 b 11.13+0. 80 ab 10.10+0.71 b 621.85+17.72 ¢ 26.40+0.24 b
Ny 24.83+1.24 a 12.95+1.65 a 13.00+1.24 a 832.79+18.88 a 28.73+0.55 a
Ny 23.23+0.90 a 12.40+0.50 ab 12.40+0.66 a 792.57+10.60 b 27.93+1.21 ab

B = FHE bR 2% | W — IR TR R 2 72 B3 (P<0.05,n=6) ; Ny:0 kg N/hm? N : 96 kg N/hm?*; Ny, :288 kg N/hm? ; Ny, :480 kg
N/hm?

% 2 0] UL, B it 2R BB BRSO 40y v i ZE AR A e R R R W e TR R AR N,
IR &Y B B 5T N, (P<0.05), 43 W He N 36 T 98. 05% . 33. 10% .36. 82% i
62.48% . M MAIZEAYEAE N, N, AN AT 5 N 2R B E(P<0.05) AW RTE N, AT 8%
T No(P<0.05) ,fH N, Fl N B AR RS N 2R ARE (P>0.05) . M EAY AR 457 2 (B 7 Bd
PR, it A i 43 T B 197 i it 220 0 185 00 1T 51 P 1 s AR AT, N Ah B e v 5 25 26 W)t 4 G L A97) i it 20 3 1Y)
BN SRR T, N A B R A1 5 R AR 0 i 40T L 9] i 0t () 3G NI B A, N A B AR ARG, A, AR et L B
Jit 280 B A3 I S AR A A 2, L A%t SR04 AR 5 LU 347 8 251G N (P<0. 05 ), T 45 il LA B 1) 22 S AN W 2 ( P>
0.05) . AT UL, it R IRRINURS 1 3873 (R I ) AR A B Al A 8 T4 1 &840, B /R By 48
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R A B IR BT S 2 o FC B M B3R o3 T S BUR e L T RE

R2 FRBERAKTERRA S E A EMERE S EAFE

Table 2 Biomass and partitioning characteristic of J. curcas seedlings under different nitrogen application levels

HKF -2 XX/} AR SR M L
N levels Leaf biomass/ (g/#k) Shoot biomass/ ( g/ ) Root biomass/ ( g/ ) Total biomass/ (g/#£) Root-shoot ratio
Ny 2.508+0.136 d 2.668+0.133 ¢ 0.421+0.0380 b 5.597+0.631d
44.81% 47.67% 7.52% 100% 0.0814+0.0086 a
Ny, 3.207+0.138 ¢ 3.026+0.164 b 0.433+0.018 b 6.666+0. 126 ¢
48.11% 45.39% 6.50% 100% 0.0695+0.0029 b
Ny 4.967+0.181 a 3.551+0.180 a 0.576+0.022 a 9.094+0.371 a
54.62% 39.05% 6.33% 100% 0.0676+0.0009 b
Ny 3.632+0.180 b 3.343+0.242 ab 0.457+0.020 b 7.432+0.233 b
48.87% 44.98% 6.15% 100% 0.0655+0.0024 b

BUA =P E ehrfE 2 | T —FIAR I FREFRIR 25 57 W35 (P<0.05,n=6) ; TP EHMEER A EY R S SAY R E

2.3 Jin UG RRIKURE Sy i R R SR

H13% 3 AT UL SRR I 7 4% 3R a(Chla) (FF4% 3R b( Chlb) FLEM4% 3R (Chl (a+b) ) 5 f 2 Bl it 20 e A 4%
T . N AR Chla,Chlb F1 Chl(a+b) fit 5 N 2ZE A BE (P>0.05) ;N AbF Rt R L4100 S
5T Ny(P<0.05) ,Chla,Chlb Fil Chl(a+b) f& 43 Lt N3 T 10. 88% 4. 55% F1 14.09% ; N, AL HE T if
LREA A5 Fr i B, Chla ,Chlb il Chl(a+b) Fr M H NI T 14. 98% 6. 43% Fl 27. 08% ., 2 W3 i
Jitl 2R B W Sk B e SRR Iy e i AR R i

x3 TRERKFEREMHEHFHEESE

Table 3 The leaf chlorophyll content of J. curcas seedlings under different nitrogen application levels

FKF LETS MERE b JEUIESS 3
N levels Chla /(mg/g fif 5 ) Chlb /(mg/g fif 5 ) Chl(a+b) /(mg/g fif )
N, 1.802+0.061 b 0.554£0.025 ¢ 2.356+0.009 ¢
N, 1.845+0.066 b 0.605=0.043b ¢ 2.4500. 004 ¢
Ny 1.9980.100 a 0.690£0. 064 b 2.688+0.004 b
Ny 2.072+0.027 a 0.922+0.052 a 2.994+0.017 a

Bl =PI bR R 7] — PR FRE 30K 25 5 .4 (P<0.05)

2.4 il RN RRIKOR 47 i i SRS e S R

18 4 WL 3 At A i A EE R RRPAR HE Rifob SR (P,) ZEBH AR (T,) SALTEE(6,) FuK 3R]
R (WUE) ¥ 535 5 F Ny(P<0.05) , bt &0t 38 in S e 7 s Ja B p#a 34 N AL BE R P T, .G F WUE
B, I N TS T 34.25% 18.44% 25.20% F1 13.49% , it N, N, Fll N,,3 Flvis Ui =2 6] P, 25 5% b
F(P<0.05) ;N Al N AbFEZ [E] T F G 25 A 53E (P>0.05) ;N AT WUE 5% & T N Al N,(P<0.05)

F4 TRBEKERRMNOBEEIEN FSEZHRSEE

Table 4 The main leaf gas exchange parameters of J. curcas seedlings under different nitrogen application levels

KT HOlt A AR B AR AL IKAYFI IR
N levels P,/ (pmol-m=2-s7") T./(mmol-m=2-s7") G./(mol-m2s7") WUE/ ( mmol/mol )
No 12.350+0.319 d 3.639+0.073 ¢ 0.377+0.012 ¢ 3.396+0. 135 ¢
N, 14.913+0.392 ¢ 3.927+0.045 b 0.445+0.009 b 3.798+0. 114 ab
Ny 16.580+0.315 a 4.310+0.223 a 0.472+0.010 a 3.854+0. 166 a
Ny 15.571+0.369 b 4.248+0.085 a 0.459+0. 010 ab 3.667+0.108 b

U = P IH b 22 | 7] — B0 i) bR 28 5 .3 (P<0.05,n=6)
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2.5 it U X FROR 4y B -2k R DO B R

PS 1 e JOGA 2 77 hk (Fo/Fm) KW PS IR 0 e ROGRER A R0R ) PS T AL 7 B (F/ o/
F'm) TEW A DU B S 2 M A i A b it 77 i B DDA DG PS TS BRGSO (D ) B PS T
7O AERR G OGP B0 T A S R ) G BB SRR, Dy 5, VLI GG S5 1 L 715 33 BE ok R A DL e
FIF A RS B AR e 5 T L IBRIRUIRS 43 17 I 4% 526 2 B0t e it e 3885 197 W1 8. ( P<0. 05)
MR Fo/Fm F'v/F'm @ Fl ETR YR A3 i 7t B 2 b B4 5O S B W% 5 T N (P<
0.05) , & Wit %0 RE S 25 £ o RO 4 DB A2 80 e Ot 5 i 1A%, {H 25 it %0 i 288 kg N/hm I}
FIOCSEEMKBNE . e EZR KR (gP) W T PS I RZ A KA AL RE ] TRk 2 i 7153 1
WL AR AR K R L (NPQ) WIS PS T KL 4 W ) DL REAS BB T Tt Al 2 o 11 3k i LA BRI ARG 1K
FIFRAT  RRIRURIT R gP Bf AU SN T s | RIS REBE R NPQ IOBEAIR, SR WTREEUE i 1 PS 11 B n o
A IT R EE , PS LWL RE S 22 T T & i T1538 , D8 A IR AERB AL, R ROLREFITR

®5 AEBERKEFRREHEHTRERALSH

Table 5 The chlorophyll fluorescence parameters of J. curcas seedlings under different nitrogen application levels

FUKE 44 9 B 5 chlorophyll fluorescence parameters

N levels Fv/Fm F'v/F'm - ETR qP NPQ
Ny 0.827+0.005 b 0.5510.022 b 0.353+0.035 b 149.59+14.92 b 0.638+0.041 b 1.896+0.219 a
Ny, 0.831+0.006 b 0.606+0.018 a 0.419+0.020 a 177.74%8.44 a 0.690+0. 015 a 1.427£0.097 b
Ny 0.84420.009 a 0.62620.016 a 0.452+0.024 a 191.87+10.45 a 0.720+0. 021 a 1.2420.100 b
Ny 0.8440.007 a 0.630£0. 008 a 0.4620.009 a 196.34+3.87 a 0.733+0.005 a 1.184£0.057 b

BUE = FHE AR 2 | R — IR TR R R 24 57 % (P<0.05,n=5)

3 itig
AR BV T RER KT TREF LR —  WEMY NME ZEARMATASRE (R ILRS)

AR H LR BR A 1 PRI R A i SR A RE R IE A T ZEAIR S v SRR
W R P 2R N T, 2t A A B 480 ke/hm B PUFUR TR, BRI P, it 05 1% 34 in
Fh s 2 M S A A2 P i L B IR i ) A LR fh R 0 B e SR [RIVE P 45 2R . B K
BRI R &R Fo/Fm F'o/F'm @,y (ETR F1 gP BEIEZ B RISEINTEIN, FAEREE NPQ RYRRAR (3 3 Mk
5) , X RBMEEUS T MOGEREE LR RE ) FDG A SO AR ISR | S Bk Rl AL B S R R RE e (ATP) T[]
HERE ST (NADPH) A TG HIBHEAT s L il 52U RO P A L HE AR, 5 o e [+ A6 B
CO, KA iR ZE 16 AR (3R 4) 5 P&, BRIROMS I 7 ] 98 P 2 1 25 it 20 & 1000 398 o g B I8 85, 2R
Rubisco 7 2 (384 /N SR AL RE F7 A4 3, B SA R 1 2 1 K8 40 S i Rubisco 4B il EOW RS Y6 51
FHR SR B 2 SO B R R A K AR e AR 3R b ZEARIFSE it R0 Ao 4 v 25 47 AR RO 1Y DG 5 BE g i
AL R ZEFAR AR S T AR R o b i R BRI 3t B3 (JCHGE I ) AR K
PEHEVE I R T3 T #843 , lt RUG AR et L 35 R AR, X R TR R A N i A= W i 3 PO AEAR KPR 2 B AR it
I KT RO S I AFLAR M350 40 A A X R 1 S 7 L i 40 B S R U B n 4 B AR B SR R 2
Ho AT B4 134y, U HOR T 2 Tl B AL (M) RSO AR i sE e

AP G 5 AR B R 7 K SO UL & 1 BB AS [R] , PR HAE ) AR e R A it i A
RO B SR RV B R O S, VR ML (Larin gmelini) ™' | H A JRHA (Pinus densiflora) ™ |
PR #E ( Betula alnoides) (8]0 A2 ( Picea mariana ) 220 S Ay S AE A S~ 8 mmol/L 113 ke N/hm’ |
200 mg N/#RA1 340 kg N/hm’BGHA RE S sk MR AR K Bt . FEARBESEH it &0 0 288 kg/hm” B, BRI
AT 6B 8 R B s Bt KA A T Yt R 480 kg/hm? I BRI S B R IS AR RS
288 ke/hm’ M HC YA FTRRAL ., HEEGE @ S BUE Y6 & 5 28 K Z Ml i 0 e b A ) bt A i 72
A5 b i B RS | A T SO, 1 SRR 22 5 T, — 7 T FT RE A T AALRR S AR AL AT 2 T
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SALARMLA K T (B3 ) IR, N AR BT 3 J A b P A R e LA , A L T2 28 s ) AR AR ek AR R A A
ML EETISME Y (% 4) o 53— T T AT RER A it ik 5 S0 A b R A 78 3% R A4 T Rubisco 11
(9 s, KT I e B RE TR ™ s, B IR AL A AR HIDE SR = Az TR A6 g (BT ATP I NADPH )
15 4t ] B2 S BOC A iR R HRFEAR I RN 2 —

L5 LTI | RIRR A1 B 090655 A AR Xt 20 A S IO A7 e P 238 ML D3 e S BE ) 2 42 g JRR AR
ZHETHOLERE S SE AR AE KA T B AR R | i Bl A 1 F T BB E HEROW RS . TEAIKIR SR E T R
RS 21 7 ) Bl Tt 8 O 288 kg N/hm? o FESEBRAE ™ Hp i 50 b )l G 30 10 2% - SRRk P b 45 B
AL AR TRIIRRAE R R A AN AN TR EUIE S 50 Rt R X8 S AN ], HLEUAE RS A% 4 % 2 34 32
FERREE AT OLRRAUIK 7255 ) RIS
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