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Abstract; Nitrogen (N) directly affects Pinus massoniana seedling growth, but the nitrogen demand, especially
different nitrgen forms of nitrogen demand are not clear until now. In this study, four N levels, i.e. 2, 4, 8 and 16
mmol - L were respectively set for each of two N forms (nitrate N, NO, ~N; ammonium N, NH,"-N), and no N
supply was used as the control using the matrix culture method. Variations for growth of plant height and basal diameter,

root configuration parameters (RC) , including total root length, total surface area, total volume, average diameter and
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the total number of root tip) , and biomass of tissue cultured seedlings of P. massoniana were investigated exposed to N
treatments. The results were as follows: (1) Under the treatment of 2 to 8 mmol - L NO, =N, plant height (H) , basal
diameter (D), RC and biomass (B) were not lower than that under the control except for ratios of root to shoot biomass
(RRS), and the best growth performance of seedlings was observed at the 2 mmol - L', where H, D, RC and B were
higher than that at the control. However, H, total root length (RL) and number of root tips (NR) were lower under the
treatment of 16 mmol + L' NO;”=N compared with the control. (2) In the range of 2 to 16 mmol + L tested levels,
NH,"-N supply caused the reduced RRS, while H, D, RC and B were not decreased in comparison to the control
without NH,*~N addition. In general, the optimal growth results were investigated at the 4 mmol « L' of NH,"=N. (3)
There was no significant differences in RRS between NO, =N and NH," =N within a N supply level, while the growth of
seedlings was better under NH, N treatment than that under NO,”—N treatment , except for the observed similar values
of total root surface area (RS) and NR between NO,”—N and NH, N treatments at 2 mmol - L level. This indicated
that P. massoniana preferred to absorb and utilize NH,"=N. In summary, it was initially concluded that the application of
exogenous NO, -N and NH," =N were all able to promote growth of tissue cultured seedlings in P. massoniana on the
assumption of controlling the applied concentration of N at optimal level. The best promotive effects of N on seedling
growth were found at 2 mmol - L' level of NO,”=N and 4 mmol - L level of NH," =N, respectively. High supply level
of NO,” =N was prohibitive to the development of shoot and root. Furthermore, the promotive effect of NO;” =N to

seedling growth was weaker in contrast with that of NH," =N in the case of equal fertilization level. Hence, the

application of NH, =N fertilizer should be considered in the future cultivation of P. massoniana seedlings.

Key words: Pinus massoniana, tissue cultured seedlings, nitrogen forms, nitrogen levels, seedling growth

L 2 FA ( Pinus massoniana ) J& ¥ F} ( Pinaceae )
FAJ® (Pinus Linn) | 124040 T2 06 W LI, 2
F 1 B O Az 2 A BRI I B P B 3 Sl AR R
AU =, 3k )iz, #e T W U B0 &k (A
Bt ,2000) . HREAE MR, 2z im 42 ok Fh
FHEER A, RFPEE = bR sl 01k 22 7 K
N TARA P Iy B A A7l 38 4 g 55, BRI 124
HILh A 7l 1 & Je (W 38 A0 E AL, 2015) . B
Foftt e e S B A T R e TN A AL
L ZE AT S IR (T SRS, 2005) o FIH
TotE PR EH R AT R A Ak, 24 3h 5 R AL
M R A R AT B A e AT AE 5T R Wk e B
FEJRL(2015) LB ARG R A5 S S5 41 kL, il
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)G HE
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ARKER SR P LT EZEITTER (RS,
2017) . HEYHERIT AR TR, WHE AR M4
AP AR R IEAS R R AR ) )
fic 7= A A [R) R B A4 52 1) ( Niinemets et al., 2002 ; £

ApeAE,2017) . HARR TR ZR 5 A LA
BLZL, v ] (A W W) R ) T ML L 32 22 L A
BHER(NO, -N) ISR (NH, -N) B IE S A7
FE o AEP RPN R A TR) 20208 2 W iR Y
TEPEE AV 2 Mt AN [m] (4R 35 Mg 5520155 S 1 4%
2016) . H RN E AT KM F, NLATEA X H 2
it NE Ty T 1) i 1 R R, K 22 0 T il S B R %o
LR AN A K Y 5 M (% [ 0 45 20005 75 ST AR A
2004 ; it 21 1% 45, 2012 ¥ A 15, 1996 B4 b UK,
2016) , Hitt AN 2 IR 2 8 3, A & KK
B ORI A& A R B 5 i M i A
BAfG . % b, AR SC DL B KD R AN P R b R
TR ARAR A AF 5 % 4, DA 2o £ AR 25 25 5 PR 41 15
BAREE AR i o 6 R A R A Z B
A(NO, =N NH,"-N) X} 5 B i AR A 7Y
SR A BB AR D I SR, LAY 4B R B R A
L BE AR AN TR 28 AR 1 WWsOR] TR AE
R B RfCH: 1 0 bR E L BB AL 35 F DL R A
Jit N 4 LA
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AR F R BT ek e A K R A T
B TR RE AL R SRR R AR XY A i 2F A% [l i
WA T I, I B e, BRTAE 7, Bk A Bk
RS N AN 4% Wang & Yao (2017) BY 7 AT
HIEWREE . MR TE AR ST 2 A
JG, ARG AMB YA 1 TR L) Bl
AL HEAE N 4 cm x 6 em BITCYi A B M 48R 1%
B1MH, F2018 48 6 kB ARG AE: &R
[ A B R EE R LT
KT AR AR S A A AS 10 em x 15
em RTECYMEHLE, B oifeh A FE . A
SELRE K, T 2018 4F 8 A ITHAIRE .

1.2 K5 i&

WREEAE T VEH % B 6 XA B2 01 5 B A= 9
JrE W HEAT, R SE e AL X A 8T, AR 4 AN [
REILA(NO, =N NH, -N) /5% 2 .4 .8.16
mmol - L' 4 PMERUKFE, IR INA 2 (0 mmol - L)
()8 TR XTI (CK) B AR B 6 BRI A, R 3
W, GEMEE FRWCR B B Hoagland A2 J7 Bc il , H:
H1,NO,” i Ca(NO,),#&ft, NH," H (NH,),S0, $&
fit, K" i KH,PO, f1 K, S0, #24t; PO,* H KH,PO,
P2t ; Ca> i CaCl, $2 i ; Mg™ th MgSO, $2 ., pH
{HMF] 5.5 2247, Bk NH, 4k, 76 NH, " 4b 3
(8 WP A 7 wmol - L7 Y 7 1k #1041 5
(C,H,N,) . P8 15 d BEE 1 WOE IR, ki A
el 150 mL, BRI 2] 2018 4F 12 H 453,
JLGEREE IR 10 W, R 50 1 P gk i A A, i A H:
A P H LA AR
1.3 R RNE F &

FH RO 8 5 e 5 Wb R RO e b A28 5 9 R o
S THT B HRCE AR My 3 43 B B 5 FH K R A
Ve E A% b i TR AR B OR AR &R WK 4R AN
oA TR R KWK G R ERREEE, A
Microtek ScanMaker 9700XL 451 3R BUAR &2 14,
[FI A FH T IR LA-S fH YR 2R 0 B R G SR K B
FER SR T 58 AR RNAR O B AT R £ 4y
BT o B A b 1358 43 AR 2R 20 0l 28 A5 3, A
105 CHEAA A7 30 min J5, 78 75 °C P24t +
48 h BIEE , R EH LA AR AR THE, R
TR ATEHE S EMTHERZRH,

1.4 HIELE S
I WPS B i 47 $io 4l B AR 1 SR

IBM SPSS Statistics 25 43 B 45 {4 I w2 s 47 5
201, 25 W 3 R A t-test Fl Duncan’ s test
(P<0.05) FEATAG 5

2 EREA

2.1 ARESHEAREERKNT N

M 1A AT LUF 5% (CK) # LG, Shit
2~8 mmol « LASAA, Wi = A2 K i i 242 T, I 7E
16 mmol + LA 25 Z A0 PR F By &5 JC B B A8 4k 7
2~16 mmol + L"E A F AN T M ¥ K F CK, H
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FIEEXH m A KW RE , EAE— A KT
TSI TS SR TSR, XU,
AHIHE A A, it P B 285 8000 B e A K e 2k AR
FON

N R X R M2 AR K 5 ) 2% S5
(FE1:B), 5 CKAMH,2 mmol - L' RATE T
AR HAS I BG4~ 16 mmol - L' ASAS R AL T
WA TG B AL, T FE 2~ 16 mmol - L7 4% &5 & &b
FUR EOR AR BT BRI N T 33.8% ~44.6% . W\
N RIEE X AR 5w ok B AT — L Z K A7 DL
SELH T EAMARMER, G0 & EK ALY
GOkE ISR B S E K75 LL 2 mmol -
LAl 4 mmol - L' A E, H &SR M RCR A T M
2.2 REESWHAREE ARG

WM S A A AN g, 45 R R
BT AR R B R B R R T A B AR R AR AR
BV ¥ B AR S5 AR A 7 285088 AR AL B K Ak 2R
Bompise, Hop EESELAR T, L2 mmol - L
SRR S BUE R, MR B S RAL T T, LU
4 mmol - LA PR RS BUERMN (F 1), 5
CK fHEL, it & Z K4 2 ~ 16 mmol - L1 [l
N, A AL BN ARG B S B 3 AN T X R (R
£ 16 mmol - Llﬁﬁﬁﬁﬂﬁﬁ?,ﬁ\ﬁﬁﬁﬁ%ﬁﬁ
XF RO BIBEAR T 23.6% F1 7.3% , X VLB, i vk 2
EARAX AR R LT BEAMGE, 76 F LA
K (B& 2 mmol - L'ACFRAN) F IR A E I S A
PHMEAR SR AR B T I e 22 40 FE 4~ 16
mmol - LACHEF | 4 25 A AL BEAG B R AR A B 2 %
R TSR, XUl I 2 8 A e i 5 2
AR ARERK K FTHEHAH,
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2A 351 A aA
7 201 g b aA aA
s abA abA E 3.0 1 aB 2bB
= b g 251 v abB
o 15 aB B T 4 b bB
5] aB g
£ £ 201
g bB =
= 10 b ¢ % 1.5 |
B ) |
i s RG 1.0
2 051
0 T T . . 0.0 T T - -
0 2 4 8 16 0 2 4 8 16

A4 7K - Nitrogen supply levels (mmol-L!) 4K Nitrogen supply levels (mmol-L)

KE FHFRE— M EK TP EZ SR 253 8 (r-test, P<0.05) , /NG F R 2R [ — B RS A R K16 22 5 8 2%
(Duncan’ s test, P<0.05), T,

The uppercase letters indicate significant differences between two different nitrogen forms within a nitrogen supply level (i-test, P<0.05) ,

and the lowercase letters indicate significant differences among different nitrogen supply levels within a nitrogen form ( Duncan’s test, P<

0.05). The same below.

1 AFREEN S RMAR SRR

Fig.1 Effects of nitrogen forms on plant height and basal diameter growth of tissue cultured seedlings in Pinus massoniana

23 REEESMEKRENER N

5 RTi RO B4 AR LG, APt A A5 AL B S A
NEJG  dARH FAEY E RARAY & BAEY R
MO B kA TR R (R 2, 2) . IS
RACFAE A B AR RS WAEYRE2~8
mmol - Ll{;{?fﬁfﬁlﬂmi@jﬁ?ﬁ‘,ﬁa\,ﬁ 16 mmol - L™
IR I AR AR AR 5 FLAE 2~ 16 mmol - L it
BYEHIN BN TR, 7E 2~16 mmol - L' JERIA,
BEASFALFT B P AR 5 PR T X0 R T AR M |
AW R SR R R TR IR it
MM R E W ERE, S A AR N 2
mmol + L' F1 4 mmol - L', MBI A X ILASN A4
Yrim 2 e o M R ml LU M s R B AR i R
FAYa SR Y DL S E AL B By O
AR GEE L TC B W 22 5 . X SR ZE SRR B St il A
RS REA RAR L AR AR i, U R
Prie iy 2R, H A AR ORI .,

3 W5 E®

3 AERSHNEEREEHESREKNEIT
YR AR TFREZE S TR ETR,
R LR PR T2 e A i AR 5 ) B e T
YEM . BRFUh R R 1Y A IR 32 % h HoAE 10
HAETE B S T B %€ ( Von Wien et al., 1997) , i

FHEAR(NO, -N) FlE S A (NH, -N) ZH R
2SR 2N B A AR R AR
AR B % W ( Ingestad, 1979) o A b, & A B 5% I
VNSO R L7/l N UK (Y E IO T =0 WP e
FHRCR IR 7= 01 A 4G HE AR 20 (5K
EARMA MK, 2003) , KI5 X AR SEY H
EEAERK A E S RIFRE T R, WA
(2017 ) WIFFE A B, i 265 260 AE 1 25 184 0 7 A bRk vy
FZER AR, HROCR I 77 25 5 S A T [
(2016) BF5E B, #2485 A b il 28 & g f2 A
PR R (9 A 4 A B AR RN T7 47 (2010) X 2%
BB AF 58 s & B S Bl Y 45 SR R T R OFD E BE
(2003 ) & AL A B R B I B0 T, B2 28 A A
SREEGPNEWBOR . AR B R
ARAERK RS B 5E v, 8 vk S (2016) FX AU
S5(2015) BB, HARRX BN # S —E B AR, 2
FREAR T AN R M AR R AR, ARl
PRI TARI AR TEHRFMT, 2 g
FBUE SR Z B AR R AR AR R E
2332 BN BRI, Ko Bsf i FH A B 19 95 % 0 R 230 i R
AR R R B AR A P2 EVE T . A 16 7 8 97 ok
ZHYE AT (CK) 3 ik & a0 A A (2
mmol - L") A (4 mmol - L) ¥ W FHMH T
HARE R K HARIE SR ARG R E KW
M. 7F 2~16 mmol - L JEHEWAE—HLAKFE,
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Table 1  Effects of nitrogen forms on root configuration parameters of tissue cultured seedlings in Pinus massoniana
RERA N *E*@M%@Z 7K Level (mmol - L)
Nitrowen form oot COl’lflngrathl’l
° parameter 0 4 8 16
NO, -N BARK 475.38+16.36bA 558.46+29.18aB 521.20+24.89aB 486.87+18.69bB 363.10+£16.71cB
Total root length (c¢m)
SRR 233.50+£13.28bA 290.25+19.06aA 248.94+12.71bB 242.16+16.72bB 220.66+11.03bB
Total surface area (cm?)
SRR 41.25+1.38bA 44.71+3.91aB 43.27+3.30aB 41.28+2.49bB 40.99+1.62bB
Total volume (cm’)
T HAR 0.85+0.06bA 0.95+0.09aB 0.91+0.05abB 0.87+0.07bB 0.83+0.07bB
Average diameter (mm)
MR %L 1307.50+31.37cA 1 588.50+£68.29aA 1 504.83+43.62aB 1 430.33+32.01bB 1 212.67+26.38dB
Number of root tips
NH, -N BAREK 529.80+13.10bA 620.48+18.23aA 643.58+14.68aA 551.20+17.23bA 531.65+19.58bA
Total root length ( ¢cm)
B 242.92+15.22bA 320.41£17.67aA 361.43£17.29aA 281.06+£15.86bA 274.58+10.04bA
Total surface area (cm”)
SRR 40.62+1.73bA 50.72+2.38aA 53.45+3.69aA 43.58+2.19bA 43.31+1.28bA
Total volume (cm®)
FEEHEZ 0.83+0.03cA 1.09+0.06aA 1.11£0.06aA 0.99+0.05bA 0.97+0.02bA
Average diameter ( mm)
IHL 1357.67+29.30cA 1 596.17+45.09bA 1 836.83+59.90aA 1 614.50+48.03bA 1 461.33+38.61cA
Number of root tips
2 AEESWEERAEEEWENZN
Table 2 Effects of nitrogen forms on biomass of tissue cultured seedlings in Pinus massoniana
HERA i H JKF Level (mmol - L)
Nitrogen form Ttem 0 5 4 ] 16
NO, -N Mo LAY 0.34+0.04bA 0.84+0.10aB 0.71+£0.11aB 0.69+0.09aB 0.32+0.05bB
Above ground biomass (g * Hﬁl)
WA Y= 0.18+0.02¢cA 0.35+0.06aB 0.24+0.03bB 0.22+0.03bB 0.10+0.01¢B
Root biomass (g * )
Je¥ack /iy 0.52+0.06cA 1.19+0.16aB 0.95+0.14bB 0.91+0.12bB 0.42+0.04cB
Total biomass (g« #™)
AR5 He 0.53+0.04aA 0.42+0.08bA 0.34+0.05cA 0.32+0.03cA 0.31+£0.01cA
Ratio of root to shoot
NH,"-N Ho A 0.35+£0.09cA 1.23+0.17bA 1.67+0.31aA 1.37+0.26bA 1.07+0.15bA
Above ground biomass (g + #™")
AR AP 0.20+0.03cA 0.47+0.05aA 0.53+0.03aA 0.39+0.02bA 0.29+0.06bA
Root biomass (g - #™)
MY 0.55£0.12cA 1.70£0.22bA 2.20+0.34aA 1.76+0.28bA 1.36+0.21bA
Total biomass (g * ! )
MR e 0.57+0.08aA 0.38+0.06bA 0.32+0.09bA 0.28+0.04cA 0.27+0.03cA

Ratio of root to shoot

Jit JFY 4 285 R AR 1 e A A R RICR B 00 T i i 2
A IX UL T R A 2H B X S A IR R i
P 4 1 . G b ME AR — 4R 1Y 2, TE W (16
mmol « L) A A AL BE T, 10 A 5 I 5K T R it
RACPE TZ W E S FIPR R R AERKET
Wi, o 100 W] B2 s 4 1 6T i A R B TS 32 PR A 25
Bl ey e Bt T 5 R ) I TR B A R R
Wi WL PR, A 05 BE XIS 3 51 R R AR K
S 1 i — [ L ] 2 R gl /il 2 RUIE A T 4

32 RERSH D EMNARHRMENZE
WA W e O B A, R T
FE TN 3 R R OK S R SR S e D, g
IR I3 KGR o AT AN B 2 5 305 B (Forde &
Lorenzo, 2001 ; Hodge , 2004 ) , I WA ) & 38 i 4 4%
ARG B R 3 2 X 4 3 vp 37 43 5K 43 19 R I fE
(AL-Ghazi et al.,2003) , i 24 %5 /i 0 3 AE 2 7F B
ARMRFR B A, TG AR 3R 5 4 H A 42 fk e AR
PETHEXT K o3 R R 53 B W T (228 75 45 19945 T H6
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B2 2~16 mmol - L'# 5% (A-D) MIAHAR (E-H) AL BUF 5 AN B # AR RIS
Fig. 2 Root morphology of tissue cultured seedlings in Pinus massoniana under
the treatments of 2-16 mmol + L' NH,"-N (A-D) and NO, -N (E-H)

4,2003) , AR E A A S A S A R
PEXT BAR K B R A B AR S B AR R 2R
A T R 2 5% AR R R S R0 A A 4 B e B
(1) 75 Fe 3 e J3E 3 PRl P9 6 20 38 249 12 0 T AR A 78
SRR, (2) ARSI TSR, X
HRAZXNGREMASE N SRAERKMZmWAR, 7F
MIRIBERUK P, 8 28 A0 D BARH B iR R 2B K
(00 HE AR AR A5 Uy 83, 3K — 25 2R 5 Kou et
al. (2015) XF 38 Hb A F I L4245 (2018) W 42 A 4)
W4 R —3, ZHEH T, AR A 1k
YIEMR B EUK T N 2B i 2 e A=Y i T B
BUBIAR 2 DASE A AR R R B3R HURE ) (Eghball &
Jerry, 1993 ) , i 24 02 I b 7K P-4 8 1, 440 4y 2
Frt b o AAR R A KRG T BE S A (AR 8 4,
2012), 15 1 AR & 2B KO8 32 2 6 ( Britte &
Kronzucher, 2002 ; X I I 55 ,2013) ,TET@@%@ZF%
i, AWFFEHFE 16 mmol « LRSS AL T, 54
Jiti 80T HE AR B, P A BRI RIAR 2 B0 S I, 1T
T AR ) 2K 5 25 S0 Ak B AR P 8 2 5038 TG AT AT A

o X — 20 ULWT, B A 20 B 1 O0r e ok B A A
RN 52 BE 18055 , 1 B 5 8 b i 14 1 4 i il
SAR M,
JIRERSWNEEMEAEEEYENZ
BAER Y A PR OCBEAE T, 2 AR I IR
AR ) 3 R T, Ah it 3R AR A R F 3L
APy AR R (H S it UK 2 T BOR BR AR
Kdigz , A= Wy i AR FEAR (Wang et al., 1998 X1 £
¥o45,2019) . fEAWFFEH,2~16 mmol - LA
W, R A R IE SRR S8 BN B A
Py 1T 8 B (H R e B (8 ~ 16 mmol - L7) il
KP4k B AR ) AR TR K F (2~ 4 mmol - L)
Miﬁﬁ(NO{—N; 2 mmol - L'I;NH4+—N; 4 mmol -
L) o FEAAEBEEKP B AR A B AN 4 8 AR
Yrid AR R HERCRANIL TSR, #E— P T
Ih R P 2H 5% B 0T i 25 R W A ) 2 3 M . R
WFFE R WY A B X R R SO i e, A K
TRVE T EA A Y B AR, R A T b
B A MY = S A (Stadler & Gebauer,
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1992 4 TG 2015 ; 14, 2016) , 2 BUE M
PP 25 R WU BE 1ot TR S A (RE R A
Wi, 2003) o T E S AN S A X N £ 4Lk 45 R
PR 3 A R T TR T R AR M g (R Bt
2000) , B pH Y 3230 R S AR (25
Wi 45,2000) . PRI, 2458 ARG R T, 75
KA Ak o F v, S R AN B T % 4 3 R B
WAl B, ol 4 285 2R ) W MBOR AR 3 s TS A A

HR 56 LY 2 S B A ) AR R 5 b R 43 T R
RERCE O BB AR, AW, g A b
(1) h BB i & 4% 7 AR 5 B 389 /N 6 BR T A ] —
RbH  CR SR, B HAR, & A K
F(8~16 mmol « L) B A M 35/ K i A/
(2~4 mmol - L) /K HE R B3 1 A IE L
F/NEH W, 455 D RS R0 A 9 W 2
SR DLIHED | AR 2 ~ 16 mmol - L7 & E B A e ff
DA R PR 5 M T R K B EH,
LR 2 80 A X b b 35 43 A K A A 0 KT
XoF 1l 5 43 5 (AT g AP 2 Ak PR IR P At 2
A FRPAR T LN, W R T R E R RS FEH S
EMAR AR R AR KR TR, fims 2, &
XM AR HA R BN R, XA
Rt —25 30 1 N 7R B R A 5 D R s 4 5 1 R AR
R 1M A R AT RE

g BT Bl af A b it /IR, RSB D
FEAME BB R CHE, DL S & J IR A R e
HET SRR A B A, R RO TS AL
Kt 72 5 AN T 1 Az ™ SE e v, T 2% Pt FH 3 o
(4 25 F Bk F— 25 4 & & B AR 1 B T R0R .
BEAI , ARG 5 o A 2 AL PR 46 vk B N 2 mmol -
LRI AR AR K R Ar, B R A AL B
B A A AT v A A A 3 s AR A B A A AR
KA, 3% A R it — 25 TF AR G AL B A 5%

SE K.
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