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Effect of Root-Zone Volume Restriction on the Growth and Gas
Exchange Parameters and Chlorophyll Fluorescence

Parameters of Apillm graveolens L. Seedling

QU Jisong,ZHANG Lijuan, FENG Haiping, YANG Dongyan

(Institute of Germplasm Resources, Ningxia Academy of Agriculture and Forestry Science, Yinchuan 750002, China)

Abstract: The Apillm graveolens 1.. variety of ‘Queen’ and the self-made nursery matrix(Caragana pow-
der : perlite ¢ vermiculite=7 * 2 ¢ 1 by volume) as test materials, plugs of different size(32 cells to 288
cells/plate) were used to nurture seedlings. The effects of volume size of the root domain on A. grawveolens
L. seedlings growth,gas exchange and chlorophyll fluorescence induction kinetics curves under the condi-
tions of Caragana mixed matrix were investigated to provide the scientific basis for nurturing vegetable
seedlings with Caragana mixed matrix and the resource utilization theory of Caragana. The results showed
that: (1) A. graveolens L.. plant height,leaf number,root length,root volume,shoot fresh weight,shoot dry
mass,root fresh weight and root dry weight reduce with the decrease of volume of the root domain. (2) Net
photosynthetic rate and transpiration rate of 110. 07 cm®/hole were higher by 64. 13% and 18. 87% than
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that of root volume 7. 28 cm®/hole; (3)Stomatal conductance reduced with the root domain volume decrea-
ses,intercellular CO, concentration was not much affected by the root domain volume; Root domain too
large (110. 07 cm’/hole) or too small (7.28 cm’/hole) would affect the PS ]| photosynthetic electron
transfer. When the root domain volume was 25. 68 ¢cm®/hole, ¢g, value reached the maximum,when the root
domain volume reached 14. 34 cm’/hole, ¢, value was the maximum, when the root domain volume was
17.32 cm?®/hole, TR, /CS value reached maximum;when the root domain volume reached 19. 21 e¢m®/hole,
ET,/CS value was the maximum. Therefore,the A. graveolens L. seedlings gas exchange and chlorophyll
fluorescence parameters change were directly affected by the root domain volume, and then affecting the
photosynthesis and growth of the seedlings.

Key words: Caragana substrates;root-zone volume restriction;seedling density; A pillm graveolens L. ; pho-

tosynthetic characteristics;chlorophyll a fluorescence transient
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Table 1 The basic situation of each treatment

o AR AR i
Treatment Plug size Root*zong volume Seedling density

/(Hole/Plug) /(em?® /Hole) /(Plant/m?)

I 32 110. 07 190. 25

I 50 67.20 297.27

Il 72 39.06 428.06

I\ 98 26, 82 582. 64

vV 128 19.76 761.00

Vi 200 12.21 1189.06

\I 288 7.28 1712.25
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Table 2 Effect of root-zone volume on growth of A. graveolens L. seedling in Caragana substrate

e < 1 %
Tre%fr%em Plant };,cight Le:?r)ii&ber Rooﬁﬁljzingth Rifi;%v@ij%c I%Z%;{Vﬁajl?ty

/cm /cm /mL /(pg+g t+h D
I 21.24+0. 8a 8.47+0. 6a 18.843. 2a 3.5040. 50a 0.43140.031a
I 18.641.2b 8.2+1.2b 13.343.3b 2.5040. 35b 0.41540.033b
Il 18.140. 9be 6.6+ 1. 6¢c 12.843. 8c 1.7540. 30c 0.39140.051c
I\ 17.841. 8c 6.241.2d 10.842. 2d 1.4040. 20d 0.37440.022d
V 17.0+2.0d 6.2+1.4d 10.8+1. 4d 1.254+0. 25e 0.36440.038e
Vi 15. 64 1. 6e 5.640. 6e 8.040. 6e 1.1540. 10f 0.261+0.011f
I 13.0%2. 0f .8+1.2f 6.841.2f 0.80=+0. 20g 0.18140.019¢g

T« A 9 R ] 7 B 26 78 A BRI FE 0. 05 K P AA7E W & M 22 55 T Il

Note: Different letters in a column indicate a significant difference among treatments at 0. 05 level; The same as below.
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Table 3 Effect of root-zone volume on accumulation of dry matter of A. graveolens L. seedling in Caragana substrate

p  BEWSEM  MEBTEE  WTHEER  UTHERE AREEER  AKTRK .
T Up ground Up ground Under ground Under ground Total fresh Total dry s
reatment 3 f / . / , ) ) Root/shoot
fresh matter/g dry matter/g fresh matter/g dry matter/g matter/g matter/g
1 8.697 8+0.832 4a  0.630 640,064 5b 2,431 940,678 3ab 0,122 740,035 7b  11.129 7£1.12 31a 0.753 430,077 8b  0.194 6+0.050 le
Il 8.136 5£0.546 7Tb 0,720 9£0.044 9a 2.323 440.654 5b  0.160 240.032 7a  10.459 941.213 2b  0.881 140.080 8a  0.222 2+0.037 6¢
I 4,783 9£0.645 3¢ 0.404 3£0.051 7c  2.449 140,347 4a 0.118 8+0.017 3¢ 7.233 040.897 4c 0.523 240,056 1c  0.293 9£0.034 7a
I\ 4,252 840,354 6f 0,394 9£0.029 6d 1.773 540,412 3de 0.093 5+0.020 6d 6,023 610,343 6d 0.488 440,022 9d  0.236 7£0.026 8b
vV 3.835240.521 1d  0.366 940.042 7e 1.255 540.230 1c ~ 0.079 0£0.012 le  5.090 740.867 5e 0.445 9£0.056 6e  0.215 3+0.028 7d
i 2.777 040,425 6e  0.294 940.035 4f 0,882 3+£0.233 5e  0.069 840,012 2f 3.659 340,483 7f  0.364 640,030 2f  0.236 6+0.024 3b
i 1.825640.516 3g  0.183 540.043 1g 0.494 440.224 8f  0.0354£0.011 2g  2.320 0£0.511 3g 0.218 9+0.015 3g  0.193 0£0. 024 9e

Table 4 Effect of root-zone volume on gas exchange parameters in leaves of A. graveolens L.

x4 MEGERREAMFRGEHRFSEZRSHHR M

seedling in Caragana substrate

LR HE R

e ; T LR o CO- 2 AL i AR

Treatment /(pmol me2 +s7 1) /(mmol mr’2 +s 1) /(umol - mLZ +s 1 /(umol -‘mol’l) L, WUE
I 14,23+1.23a 5.67+0.23a 0.45640,042b 359.33+3.26b 0.059 540,004 3d 2.508 840.210 5b
I 13.97+1.56b 5.314+0, 34cd 0.46140, 044a 354.33+1.19¢ 0.074 740.003 5be 2,628 6+0.351 2a
| 11.2341.15d 5.4240. 24b 0.41640.029¢c 363.67£3.35a 0.050 640.004 2e 2.073 840.324 7d
I\l 11.7040. 87c 5.3440.71c 0.39240.051d 354.00£2. 64c 0.078 340.006 2b 2.081 740. 452 6d
vV 11.074£0. 44de 5.284+0.57d 0.36740. 044e 363.00£5. 10a 0.060 940. 004 9c 2.097 340.257 4d
VI 10,5040, 97e 4,660, 26f 0.32240.037f 363.3344.55a 0.059 640,002 2d 2.253 240,368 2¢
i 8.67+1.04f 4.77+0. 46e 0.28440.021g 352.6743.76d 0.089 540.003 1a 1.816 9+0. 444 2e
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Effect of root-zone volume on chlorophyll fluorescence parameters

Table 5

PR W AN R 5 T H A% 388 10 3 1 77 0 (o, ) AR
BT IR 4 Bl 4% 34 3 W A% 88 B o ot
Qu MHEHTFZ MMM T 5 kD Qu B
TR (p) EE BT PSIAZ MY 224K . o,
SRR SR R R AN R P AH G AR S AR LA G
G0 5 @, AT H AR5 6 AR SRR 1 R ik
FT,110. 07 em?® /7O B /D (A TRV, 7. 28 em?®/
FOMARTR WM R T Q. N F 1Lt
FAW D PSR DAk P+ Qa
I U R T o AR A RO B S T D
A PSTZZARM Qa R U 1 oL 7 388 32 0 RE 2 5
BB T 1Y) B 9] (A A N DT R A A

2.3.4 ERRFNHEFNERE X R REK
S5 T 8l 12 2 B B A3 B R WYL AL RV AT
AP N RO B H (RC/CS) E B i » Ho 45 Ab B GK
F) 25 5 B E KO IR A 40 B VT & 31 68 %, [
B AR 38V i B T AR AR R B (TR, /CS) AR
LA 3V i 8. 67 V6 5 T AL 1T AN T F 1% 38

kAl

in leaves of A. graveolens L. seedling in Caragana substrate

I Treatment Fy Fp F,/Fn PI
1 527.75+57.25d 2 492.50+514. 50d 1964.75+521.50d 0.788 3+0.056 3¢ 0.693 8+0.101 2e
I 522.50487. 50e 2 511.25+602. 25¢ 1 988. 754540. 25¢ 0.791 940.028 9b 0.701 040.085 2d
Il 546.75+43. 25a 2 553.75+128.50b 2007.00+121.50b 0.7859+0.037 4d 0.779 8+0.112 3¢
\ 533.75+50. 25¢ 2 608.25+501.50a 2 074.50%553. 25a 0.795 4+0.069 1a 0.927 840221 3b
V 521.50+71. 25¢ 2 506.50+232. 25¢ 1 985.004213.50¢ 0.791 940.059 1b 1.085 8+0.201 9a
W 541, 75484, 25b 2503.50+180.00¢ 1965.75+248.00d 0.783 640,046 2f 0.672 040,121 1f
I 508.00+33, 50f 2 355.25+422. 25 1 847.25+423. 50e 0.784 3+0.033 2e 0.487 3+0.210 5g

W Fo. MRS s Fon. ORI Fy. WIE S Fo/ Fo. PSTT RO 305 PL L REIR AL

Note: Fy. Minimal recorded fluorescence intensity; Fy,. Maximal recorded fluorescence intensity; F,. Variable recorded fluorescence intensity; F,/F,,. Maximal

quantum yield for PSIl photochemistry; PI. Performance indexes.

F6 WMEGRRAFRGEMNF PST REF0FEESHB M

Table 6

Effect of root-zone volume on specific energy fluxes of PS]|

reaction center of A. graveolens L. seedling in Caragana substrate

Ab ¥ Treatment ABS/RC TR,/RC ET,/RC DI,/RC
1 2.652 1£0.115 3de 2.090 5+0.201 3e 0.544 340.035 8e .561 5+0.002 le
Il 2.891 340.219 4bc 2.289 740.195 2¢ 0.622 340. 061 5¢ .601 6+0.015 4d
1 2.869 540.136 2¢ 2.255 1£0. 348 2cd ). 664 240,019 5b .614 440,021 5¢
v 2.578 54.0.251 4e 2.050 9£0.274 6f ). 619 240. 024 8cd .527 7£0.021 3f
N 2.692 9+0.512 3d 2.132 6+0.591 2d 0.663 640.025 9b .560 3+0.033 2e
VI 3.052 6+0.412 3b 2.392 0£0.556 2b 0.685 940.031 4a .660 6£0.034 6b
VI 3.221 6+0. 214 6a 2.526 740.182 5a 0.610 440.039 1d .694 940.029 5a

1 : ABS/RC. FA S A0 R Y B 5 TR, /RC. S S O Al 3R 09 T8 I Qa B9 RE S s ET, /RC. B AL S i A0 Al 2K 19 1 i 7 1%
B REHE s D1, /RC. BAL R G AR U 1
Note: ABS/RC. Absorption flux per reaction center; TR,/RC. Trapped energy flux per reaction center; ET,/RC. Electron transport flux per

P
BBt

reaction center; DI,/RC. Dissipated energy flux per reaction center.
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Table 7 Effect of root-zone volume on flux ratios of PS][ reaction center of A. graveolens L. seedling in Caragana substrate

AbFH Treatment

o oP, 2 e
T 0.260 4=£0. 003 15f 0.788 30. 056 3¢ 0.205 240. 022 6e 0.211 7-£0. 004 9b
1 0.271 8-£0. 042 5e 0.791 9=£0. 028 9b 0.215 240. 034 8d 0.208 140. 015 6¢
il 0.294 540.032 3c 0.785 9-£0. 037 4d 0.231 540. 041 5b 0.214 140. 026 Sab
I\ 0.301 940.025 8b 0.795 4-£0. 069 1a 0.240 140. 008 5ab 0.204 6-£0. 005 8d
v 0.311 2£0. 046 9a 0.791 9£0. 059 1b 0.246 440.019 6a 0.208 1£0. 051 2¢
Vi 0.286 7-£0.012 1d 0.783 6-£0. 046 2f 0.224 740.009 1c 0.216 4--0. 034 5a
v 0.241 6-£0.039 1g 0.784 3-£0. 033 2e 0.189 540. 034 7f 0.215 7-£0. 009 5a

TE = o DAY BT T IR A B L T 4% 0 B s T Bl Qa BB TR I T o5 TR HESh Qa IE S TR LR s o WG BRR
A2 s or, . T TR 36 B 1 T 77 s o, - T R THORO & T LUK

Note: ¢,. Probability that a trapped excition moves an electron into the election transport chain beyond Qa ; ¢p,. Maximal quantum yield for

primary photochemistry; gr,. Quantum yield for electron transport; gp,. Quantum rate for heat dissipation.
*8 MEBERBREAMNFRYEMFEMUERM LR ARERNZN

Table 8 Effect of root-zone volume on light use efficiency per unit leaf area of

maize ear leaf of A. graveolens L. seedling in Caragana substrate

Ab# Treatment RC/CS TR,/CS ET,/CS DI,/CS

1 189.00=£13. 00c 416.01£53.22d 108.31421. 03e 111. 74£8.91c

Il 180. 71£21. 23d 413.79£25. 21de 112.47429. 88d 108. 71415. 66¢
Il 190.54+15.47c 429.69+24. 65b 126.56443. 15b 111.06421. 63c
v 193.00£51. 44b 424.52+10. 55¢ 128.17419. 21a 109. 23431. 44d
V 207.65+26. 37a 433.00£33. 64a 128.514-16. 58a 108.50433. 26e
Vi 177.47£16. 82e 424.52+£22.51c¢ 121.72442. 35¢ 117.23418. 45b
M 157.69£25. 571 398.43+£19. 54e 96.25421. 161 119.57425. 64a

£ :RC/CS. B BN A 16 T S0 0B H s TR, /CS. B i BUR IR G E s ET, /CS. B0 mi AR N A i 7% 38 1 e g s DI, /CS. B

TR N BT O RE .

Note:RC/CS. Density of PS][ reaction centers per excited cross-section; TR, /CS. Trapped energy flux per cross-section; ET,/CS. Electron

transport flux per cross-section; DI,/CS. Dissipated energy flux per cross-section.
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