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Root Restriction Affects Growth and Photosynthetic Characteristics
of Nectarine (Prunus persica var. nectarina Maxim, )
Grown in Gobi Greenhouse
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Abstract; Under the climatic and ecological conditions of Hexi Corridor of Gansu Province, using nectarine
variety ‘Zhongnong Jinhui’ as experimental material, we designed the differences of root restriction vol-
ume 135 L, 225 L, 360 L, 576 L and control 1 440 L(RV,35 s RV, RVys s RVsrs and RV, ) and investi-
gated the growth, chlorophyll content, photosynthetic gas exchange parameters and fluorescence parame-

ters of nectarine tree grown in Gobi greenhouse. The effects of root restriction on vegetative growth, pho-
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tosynthetic and fluorescence characteristics of nectarine were studied. The results shown that: (1) com-
pared with the control RV, , the stem diameter and shoots length of RV,;; and RV,,; treatments were sig-
nificantly reduced; the stem diameter of RV, treatment was decreased significantly, while the shoot
length had no significant effects; both parameters of RV;; treatment did not shown significant difference.
(2) Compared with RV,,,,, the chlorophyll content and net photosynthetic rate, transpiration rate and
stomatal conductance of RV,;; and RV,,; were significantly reduced, and the intercellular CO, concentra-
tion was significantly increased at 14:00, however, RV, and RV;;; did not show differences. (3) Com-
pared with RV,,,,, the J-I phase fluorescence value of OJIP curve of nectarine leaves in root restriction
treatments decreased significantly; at 14:00, the relative variable fluorescence difference (AV,) was less
than 0 in K phase, and the relative variable fluorescence difference (AV,) of RV,;; and RV,,; was decreased
significantly. The fluorescence chlorophyll specific activity parameters of RV ;; and RV,,; were higher in
the absorption flux per reaction center (ABS/RC) and the dissipated flux per reaction center (DI,/RC),
and were lower in the maximum photochemical efficiency (F,/F,,) and the quantum yield (gE,) for elec-
tron transport (¢E,) of PS][. Compared with RV, comprehensive performance index Pl of RV
and RV,,; were decreased by 34. 9% and 27. 1%, respectively, while the difference between RV,;; and
RV,,; were not significant. It was found that proper root restriction could not only control the vegetative
growth of nectarine trees, but also keep their photosynthetic characteristics and economic yield, and the
optimal root restriction volume is 360 L., which provided a theoretical basis for root restriction cultivation
of nectarine trees in greenhouse in gobi area.
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Table 1 The parameters and their meanings extracted from the fast fluorescence transient OJIP curve

%84 Parameter i X Meaning
F, ¥4k 5¢ 658 F Minimal recorded fluorescence intensity
Fu i K9k Maximal recorded {luorescence intensity
F, 1F B 2] % 6 {8 Fluorescence value at any time
Fy/Fn I FOBAk 2 %0 % Maximal photochemical efficiency
ABS/RC AT N O W A G E Absorption flux per RC
DI,/RC A I N RO PEE A BE i Dissipated energy flux per RC (at t=0)

®E,=ET,/ABS

JH T o A& T 72 %1 (fF t=0 B}) Quantum yield for electron transport (at t=0)

S T A AR 0 T R Bl T A 8 B T A B A Qa B A L T2 R BT R B Qa1

do=ET,/TR,
beyond QA~ (at t=0)

JE T H R (fE t=0 1) Probability that a trapped exciton moves an electron into the electron transport chain

Pl 2EA M fEFE % Comprehensive performance index
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Table 2 The stem diameter of nectarine trees grown

in soil volumes with different root restriction treatments

gb B T 4% Stem diameter/mm
Treatment 2014 2015 2016
RViu(CK)  39.21-41.91a  42.8344.22a  52.62+4. 21a
RV;z 37.91+1.67a  40.65+5.05a  49.12+2.85a
RVis0 29.06+1.20b  35.51+4.71b  38.75+5.42b
RV, 29.29-1.88b  32.32-42.47b  36.6843. 54b
RV.15 27.54£1.12b  29.18+4.81b  36.63%3.71b

TE RV iuao 24 3t % - Il S0 R 5 45 200 L BRAR R AR 1 440 L
RV576 R V60 \ R V25 . RV 55 3 2 BRAR AL 2, BRAR & B 43 33 S 576,
360,225,135 L; R PBUE AP + SE; [7] 51 A 6] 5 b 2 7R Ak 2 ]
£ 0. 05 KNP A7 A8 W2 Pk 22 575 R )

Note: RV is the contrast of local soil backfilling cultivation
mode, and the volumes of root restriction is 1 440 L;R V575, RV s
RV325 and RV 35 are all root restriction treatments, which the vol-
umes of root restriction are 576, 360, 225 and 135 L respectively;
Values are means £=SE; Values followed by different normal letters
within same column indicate significant difference among treatments

at 0. 05 level. The same as below
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Fig. 1 The length of new shoots of nectarines under

soil volumes in different root restriction treatments
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Table 3 The chlorophyll content and photosynthetic gas exchange parameters of nectarine under

different root restriction treatments

A R P,,/(;imol em Zes !

b 3 M4t %E a 4k b RS R
Treatment Chla/(mg+g 1) Chl b/(mg g 1) Total Chl/(mg+ g 1) 8,00 1400
RViuo 2.61+0.01a 0.76+£0.07a 3.37+0.08a 6.96+0. 34a 13.58+0. 63a
RV 2.49+0. 21a 0.71%0.05a 3.2%0. 26a 6.85%0. 33a 13.8140. 64a
RVi340 2.3340.01a 0.7840.03a 3.1140.03a 6.3440.21a 13.68+0. 68a
RV3y5 2.03=£0.12b 0.48+0.03b 2.5140.13b 6.35+0. 25a 11.60+0.51b
RVi35 1.76+0.07c 0.52%+0.02b 2.28+0.09b 6.25+0. 5a 10. 354+0. 60b
b B Mala CO, ¥ JE C;/(pmol « mol 1) ZEBHR T, /(mmol » m™2 «s 1) SALFE G/ (pmol e m™2 + s7 1)
Treatment 8:00 1400 8:00 1400 8:00 1400
RV 334.714+10. 35a 259.91%+3.17b 3.31%0.32a 8.66+0.41a 0.22%+0.01a 0.40%£0.02a
RV 325.79416. 04a 257.09%2. 04b 2.9840. 28a 8.57+0.11a 0.21%£0.03a 0.40%£0.01a
RV360 327.154+8.03a 264.17+6. 62ab 2.87+0. 25a 8.50+0. 34a 0.240.02a 0.38+0.01a
RV35 324.22+7.03a 285.11+8. 29a 2.87+0.02a 7.69£0.19b 0.240.01a 0.36240.01b
RVis; 326.6145.72a 296.87+3.77a 2.64%0.39a 7.5240.45b 0.18+0.02a 0.34%£0.02b
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Fig. 2 The OJIP curves of nectarine leaves under different root restriction treatments

0.1 1



141 SRBILA BE HOGTR % FRAR B i pk B 57 A R G A R Y 5 T 109

A, 45 BRAR AL BEAY OJTP i 28 K-T AH Y Eb X BE 0 I R
I 5 KA B AH X AT AR 5250 220 AV <<0; 5 Xt I
RV M EE L BRAR AL PR RV 55 Fl RV B9 AV, I 3 B
iR (& 3. b,

[A] R S [ BRAR A B Ak i - i 28 36 a 608l )
SEBR AR AR 2R (R 4) BoR KOGk s sk
(F,/F,) 53S0/ 5 3 K 0 #3578 1E 75 1
(12:00) ik #) fie /ME ;s PS 1T M T 1% 3 19 & 7 7= 4

ORV,,, =RV,
0.04 1
0.02

0
-0.02
-0.04
-0.06
-0.08 |
-0.10 a(8:00)
2012 F

-0.14 : -
0.00001 0.001 0.1

M 1) Time/s

AV,

(ET,/ABS) \HLF 1L 2B FZ 8T Q. TR H
TZARIMER(ET, /TR, MLE & e e B (Pl
RGN A 1000 B35 B 45 K AH . R E TF LG Wb,
14: 005 X JF 4 34 K5 B A S L A o W WA 1 O g
(ABS/ROC) Fl 5 A5 [ 1o Hho #AFE HL 8 & (DI, /RC)
FEHLH SE B R BN R

Ty A 2 5T B, 45 PR Ak BRI Bk ot b
BEWRBBAE 8:00~10.00 WHEMIL B ELE,

A RV]()U D RVZZS O RVI.\S
0.04 1
0.02
04
-0.02
>’ -004
< .0.06 8
-0.08 - %\i
0.010F b (14:00) N
0.2} %V
-0.14 . "
0.00001 0.001 0.1
I 18] Time/s

B3 N [l BRAR AL 1T bk i i A T AL 50 25 (1 AV, A4

Fig. 3 The relative variable fluorescence difference AV, in leaves of nectarine under different root restriction treatments
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Fig. 4 Diurnal variations of the OJIP Chl a fluorescence transients in leaves of nectarine under different rooting restriction treatments
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