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Influence of drought stress on the growth, leaf gas exchange, and chlorophyll

fluorescence in two varieties of tung tree seedlings
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Key Laboratory of Cultivation and Protection for Non-Wood Forest Trees, Ministry of Education, Cooperative Innovation Center of Cultivation and Utilization

Jfor Non-Wood Forest Trees of Hunan Province, Central South University of Forestry and Technology, Changsha 410004, China

Abstract: This study investigated the effects of drought stress on seedling growth and leaf photosynthetic physiological
characteristics in two species of tung tree ( Vernicia fordii and Vernicia montana). A pot experiment was conducted to study
the effects of different water treatments ( normal irrigation, light drought, moderate drought, and severe drought) on the
growth, leaf gas exchange, and chlorophyll fluorescence of two kinds of tung tree seedlings. The results showed that light
drought stress did not have any significant effect (P>0.05) on growth, leaf gas exchange, and chlorophyll fluorescence of
the seedlings compared to that under normal irrigation. Modest drought stress significantly decreased (P<0.05) tung tree
seedlings’ chlorophyll SPAD value, growth, net photosynthetic rate (P,), stomatal conductance (G,), transpiration rate
(T.), stomatal limitation value (L,), maximum net photosynthetic rate (P, ), light saturation point (LSP), apparent
quantum yield (AQY), dark respiration rate (R,), maximum photochemical efficiency (F /F, ), actual photochemical

m

quantum efficiency (@, ), electron transport rate (ETR) , and photochemical quenching coefficient (¢, ). Severe drought
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stress increased intercellular CO, concentration ( C,), water use efficiency ( WUE ), light compensation point ( LCP),
initial fluorescence (F,), and non-photochemical quenching coefficient (NPQ) of the seedlings. Under modest drought
stress, the decrease in net photosynthetic rate was primarily caused by stomatal and non-stomatal factors of the tung tree
seedlings, while the decrease in net photosynthetic rate under severe drought stress was probably due to non-stomatal
factors. Our results suggest that Vernicia fordii has a higher photosynthetic activity and efficiency, and a stronger adaptability

to drought stress than Vernicia montana.

Key Words: Vernicia fordii; Vernicia montana; drought stress; photosynthetic characteristics; light saturation point;

chlorophyll fluorescence
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FH L2 WL #E CK AR BE T 2 W08 T, IS HA  kinds of tung tree

YIRh G A % (P,) R (T) RAFLGE  CK: ERHUK (XH) nomal imigation (control) ; LS: i T 5

(GHHH A5 A3 L R R | = AEARRN T AR AR Y P.T light drought; MS; HEF 15 moderate drought;SS; T 5 severe

9:00,13:00,11:00; & BET RMRE N PIAMIIFN e e o)
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Table 1 Effects of drought stress on the growth of two kinds of tung tree seedlings ( mean+SE)

. p LISt ¥ / 1/
W s s/ S el e MR e
. . . The total number Dry weight Dry weight
Species Treatment Plant height Ground diameter
of leaves of shoots of roots
= AFA CK 43.2+2.34a 12.35£0.97a 22.2+1.5a 12.9x1.2a 7.5+0.7a
Vernicia fordii LS 42. 4+3.06a 12.09+0.86a 22.0+1.8a 13.2+1.0a 7.2+1.0a
MS 35.3+3.06b 10.50+1.02b 18.2+1.4b 10.7+1.3b 5.8+0.7b
SS 27.8+2.33¢ 7.65+0.98¢ 13.6+1.3¢ 6.2x1.1c 4.6+0.8¢
T4EH CK 58.6+3.03a 13.87+0.83a 29.3+1.9a 14.5+0.9a 8.9+0.8a
Vernicia montana LS 57.6+3.41a 12.69+0.89a 29.0+1.5a 14.2+1.1a 8.6+£0.7a
MS 52.3+3.76b 11.07+0.72b 25.2+1.6b 12.0+1.2b 6.7+0.8b
SS 40.1+2.85¢ 7.85+1.28¢ 16.6x1.7¢ 8.3+0.8¢c 5.0+0.6¢

(JKJ‘_EH%@\WK( X H8) normal irrigation ( control ) ;LS;%B&"‘._ +5 light drought; MS F1EE 5 moderate drought;SS;ifEh‘F':?: severe drought; [F) %1)
B JEAR/NG FbE R R R — SRR [ b B 2 6] 25 5 5 3 (P<0.05)

4 FlOK LT AR RN CO,MRBE(C,) Y H 2L fRE A 5L e AR5 T B 3, R RIALBE T ¢,
FRARAELRY U () BEAN—2k, il 2l B MOk UL fEF T SN T C R, MidE CK MR+ S hia r
CEAR, HRETRIHE T C A CKAR, EEFEPURAEEE T2 Mha T, B ¢ BN, R CO,MRAMEREA M
PIZRE , (H 32 2R T O W PR RN S A R ARG, DT el it 1) 200 J0 - B CO, BEA ) A T PR A o ok
BE, AR T S CKOR M AR P B A QIR B8 s2 21520 , 6 AR T CK, CO,IEH FERE , U= T
CHUK, RIFIFIRAR (WUE) AR AR, B ik b, TR B 78 4 UK MBS | vpRs 1 5 S L
TEREEETE PN EAR RN WUE & TR T R K CK, ISR P ) AL BRI (L) TR T 5 %
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Fig.2 Effects of drought stress on the diurnal change of leaf gas exchange of tung tree
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2.4 T 5P X PR R 4 6 G-t R it 2 5 5 e
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CK R T R0 B R s i R T TR REE T2, 2 PAR > 600 wmol m™ s™" B, W/l Py Fi 1
P YIRS A, Z G AR S, R 2 AT EARTRAEE R, =AM i Kot iR (P, ) b
TRUFN A5 (LSP ) MG RF IR (R, ) ¥ 18 T AR, DGAME s (LCP) ¥R T T4FEM . & T 5 Wb iy hn s, w
ANTAR PR R TR (AQY) (P, LSP ¢ R ZEWFEAR, T LCP B Pk, 525 T 2 et % A~ Yl A
YIFRK) AQY, P, LSP R, LCP $0i A B 2# (P>0.05) ; 7EHH E T2 HAF , =4EHK P, ,LSP,AQY K R,
I EE CK B T 46.64% 25.96% 33.75% .16.56% (P<0.05) , 225 W% T4EMIH P, LSP,AQY M R, /¢
W CK AR T 45.45% 31.19% 22.67% 19.70% (P<0.05) , 225 W& (e mE T R ha F, =% P, ,
LSP,AQY & R /3 CK FAK T 71.53% .38.36% .57.50% .34.44% (P<0.05) , 2% 0%, T4 W P,
LSP,AQY & R, /35 EE CK FEAK T 71.60% .43.03% .37.33% .33.33% (P<0.05) ,225% %%,

T 1800 16.00 -
9 16.00 14.00
L: 14.00 12.00 -
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Fig.3 Responses of net photosynthetic rate (P, ) to photosynthetic active radiation (PAR) under different drought stress

x2 ARETFEREHETEAEESERWNETRIET WA AFESE
Table 2 Characteristic parameters of responses of net photosynthetic rate photosynthetic active radiation under different drought stress ( mean+

SE)

- FNEDIREpLES PRI E PR SR

Y K3 T Maximum net Light saturation Light compensation AL TR Hﬁuw‘ﬁK
Species reatment  photosynthetic rate/ point / point / Apparent Dark respiration /
(mol m™2 s71) (pmol m=2 s71) (mol m~2 s°1) quantumyield (pmol m™2s71)

AR CK 15.91+0.89a 1828.3+48.5a 16.2+1.8¢ 0.080+0.006a 1.51£0.13a

Vernicia fordii LS 14.97+1.03a 1789.4+49.3a 17.6£1.6¢ 0.072+0.005a 1.46+0.12a

MS 8.49+0.65b 1353.7+37.3b 25.4+2.3b 0.053+0.004b 1.26+0.09b

SS 4.53+0.57¢ 1127.0£39.1¢ 33.3£2.0a 0.034+0.004c¢ 0.99+0.08¢

T-4F-A CK 13.73+0.93a 1724.0+53.0a 19.0+1.8¢ 0.075+0.006a 1.32+0.14a

Verniciamontana LS 12.16+0.80a 1636.5+51.5a 20.4£2.4¢ 0.066+0.004a 1.25+0.13a

MS 7.49+0.71b 1186.2+73.6b 36.3+3.1b 0.058+0.006b 1.06+0.10b

SS 3.90+0.37¢ 982.1+66.8¢ 45.4+3.5a 0.047+0.003¢ 0.88+0.07¢

CK; IEH 7K (X1 B&) normal irrigation ( control) ;LS #28 T2 light drought; MS: HJ& F 5 moderate drought;SS; 5 & T2 severe drought; [F]%]
Bl 5 AR NG FRER R [F— AR R AL 2 () 25 5 8 (P<0.05)

2.5 TR Wraa X BRI AR G i AR RO SR
BRET S AR F L F /F,, @y , ETR ¢, % NPQ JCHA B0 (P>0.05) s 7EHH T S8 T,
AR TAERR F /F,, @y, ETR, ¢, BIE 3 HE CK BEAK T 3.70% .13.04% .21.30% .19.15% H16.17% .
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Fig.4 Effects of drought stress on the F,,F /F_ ,ETR, @y, ,qp and NPQ of two kinds of tung tree
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