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Photosynthetic and physiological responses of seedlings from 10
Carya illinoinensis cultivars to drought-rewatering

Ye Tiantian, Zuo Jilin, Feng Zijuan, Qiu Baihao, Huang Jianjian

(Key Laboratory of Cultivation and Utilization of Oil Tea Resources in Jiangxi Province, Jiangxi Academy of Forestry,
Nanchang 330032, Jiangxi, China)

Abstract: [Objective] To explore the changes of growth, photosynthesis, and other physiological indices of Carya illinoinensis under
drought stress and rewatering, and to provide a reference for the study of drought resistance mechanisms and breeding of drought-
tolerant cultivars in C. illinoinensis. [Method] Two-year-old grafted seedlings of 10 C. illinoinensis cultivars from southern provinces
were used as test materials, with rootstocks being ‘Shaoxing’ seedlings. Drought stress and rewatering treatments were conducted through
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potted water control. Growth status of each cultivar was investigated on day 0 (D0), day 5 (D5), day 10 (D10) of drought stress, and day
10 after rewatering (R10). Leaf photosynthetic parameters, leaf anatomical structures, and related physiological indicators were measured.
Principal component analysis and membership function analysis were used to comprehensively evaluate the drought resistance of the 10
cultivars. [Result] 1) Under drought stress, all cultivars showed wilting symptoms such as leaf curling and branch drooping. Leaf thickness
(LT), lower epidermal thickness (LET), palisade tissue (PT), and spongy tissue thickness (ST) decreased to varying degrees. Among them,
“TJS’ showed the largest decline, with LT, LET, PT, and ST significantly decreasing by 27.42%, 29.96%, 32.67%, and 40.19%, respectively,
compared with D0. ‘C28” had the smallest decline, with decreases ranging from 4.73% to 13.22% for the four indicators compared with DO,
2). Compared with DO, ‘KD’ exhibited the highest net photosynthetic rate (Pn) and transpiration rate (Tr) at D10 [4.53 pmol/(m?s) and 1.2
mmol/(m?s), respectively], with the smallest decreases (68.01% and 83.72%, respectively). ‘MD’ showed the smallest decrease in stomatal
conductance (G;) (75.86%) ‘“WQT’ exhibited relatively low P,, G, and T, values with the largest decreases, reaching 91.30%, 94.44%, and
95.35%, respectively; 3) Root activity of different pecan varieties initially increased and then decreased. At D10, although root activity
decreased for all varieties, it remained significantly higher than that at DO for all except ‘XN’ and ‘FKT’. Among these, ‘NKL” exhibited the
greatest difference, with root activity increasing by 1-fold compared with DO. Leaf relative electrical conductivity (REC) gradually increased
over time, with significant differences between D10 and DO; 4) At R10 , the leaf anatomical structures and photosynthetic characteristics of
the 10 seedlings basically recovered to normal levels, while root activity remained at a high level. However, the recovery degrees of various
indices also differed among cultivars; 5) The comprehensive evaluation scores of the cultivars were ranked as: ‘KD’, ‘C28’, ‘NKL’, ‘MD’,
XN, ‘FKT’, “WQT’, ‘TJS’, ‘BN’, and ‘GX 5°. [ Conclusion] Timely rewatering can alleviate the drought damage of C. illinoinensis and
make the root vitality overcompensate. Therefore, when the drought time in summer and autumn is longer than 10 days, the plants should be
watered in time; In addition, when planting C. illinoinensis in southern provinces with seasonal drought, it is advisable to consider drought-

resistant varieties such as ‘KD’, ‘C28” and ‘NKL’.

Keywords: Carya illinoinensis; drought stress; rewatering treatment; photosynthesis; physiological response
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Table 1 Tested varieties

4@ Code mn 4 FK Variety name SKAEHE Collection site 4@l Code fnFl AR Variety name Kb Collection site
‘BN’ “We’ ‘MD’ ‘g
‘XN’ ‘He’ ‘NKL’ WEVE
‘GX 5’ ik s 5 VLV A ‘FKT’ R L5 ) 7%
‘IS’ Kzt ‘KD’ =
‘WQT’ CRIIE ‘C28’ AR 28 57

12 Eeiit

2024 4F 3 A, FEHAREASNAT, A FRh
Iy EHL 45 PR BIEAR—E G, HK ST
PR AR T AH [FHUAS AR S R 2R (535 em, |
4% 34 cm, FI4228 cm) , ZJERBFEH . 7k
FEPUCRA R L A BERA R 42018
A ECH BT %) B 75 VL 79 A Mol Rl 2 B il %
KM (28°4424"N, 115°49'12"E) , AN -FIi &
R (29+4) C, MHXEEN (60120) %.

20247 H 1 H, felgE i o R e %),
BB SRR AT 2 A IR AL (15 MO T2 40 (458D .
TR (D0) T4 K 18:00 787 He /K 2 A 7K
HE, SRl S K E LR 20% ~ 25%; 15
TG 3 E KR E 20% ~ 25%, Z A AN
WK, TEME 10 d ERE EFERK (RESK
EIREF 20% ~ 25%) o 50 R M A K &,
F D0 (20247 H 1 H).D5(2024F7 H5H) .
D10 (2024 47 H 10 H) FR10 (2024 47 H 20 H)D
(1) 77 9:00—11:00 #EATHURE 548450 €, Hp+
FH DS I HIEEKEN 10% ~ 15%, D10 BNy
8% ~ 10%.

1.3 MEmMBSHEZ®

U BRI 5 3 ~ 5 iR
M Ffebsle, HE3IRER. Hd, RA
RER, KRR T NOIH, BREREKE
i %, BTHELARZ 1 ~ 2 mm IR, HEE
TR e T4, F WK 4R 2R TH 7K 43 Ja
B AR -

TEPIIEAS I W52 I 10 35 25 i Pl ARk 19 T
AR, WM RS IRREE. Ba AR L AT
R EFEEEL.

b g ) 25 R 00 o = 32 B A 308 B T A2 P
565 2 B/, JEF RIS 3 ~ 5 M fkkb, HL
PEEWKA A P& 1 em KA, BEENRE
FAA [H W (70% LB, K. HEEIAFE N
90:5:5) W, MifE, REAAYIE K
AT - [E 4 WE YL th. Leica RM2015 Jig 5 1)

R CJEE 8 ~ 10 pm) « A I Ao
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Z3#1 (One-way ANOVA) , K 3 B2 23 #r i
F S S R B 230 7 L APk & R B R

HEAT SR AV 17
2 HBRE5SH

2.1 PISMNERRAASERIENZE(L

2 Al TEBNESE, 10 ATz
Pl P A2 IS R R P i B4k T S A v
FEEREIER; BKE, SRS A—
EREEWE, RICAH A RS BidiR. HTie
SIS, AR S AE T RS KIS AR AR
TEASHA N AEAE 2 5. 7E D10, ‘KD’ C28° ‘MD’
IR ORE 20%) B F R R, AR,



i 46 3

A2 S A s AN e O

93
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m R A HARREE S e g, XNT “WQT’
‘GX 57 11 66.7% WA Ak ZE LT 75 R10 B,
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‘BN’ 133.3% 1 K

R B RR R B AR, ED I MR R T,
R PRI R B R AT AERORAS . Bk, Mot
R AR E R KR E, ‘BN ‘XN ‘WQT’
‘GX 57 X R Ha UK.
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Table 2 Growth status of tested varieties at different sampling stages

WURERIEL o KR BUEEL o g R
Samp ling Variety Growth state Samplmg Variety Growth state
period period
‘KD’ 15.5% fetk (7 8 mdmmt i, i ‘KD’ TR AR 3] DO RES
‘GX 5 66.7% fEIK (30 B MIREM Foife. Zi5 ‘GX 57 6 MRAELD, HARMIMEAWKE 3 DO RS
‘TIS’ 33.3% fHMk (15 MO IR Rieth. 55 ‘TIS” 2 WRBELD, HARMMEARE S DO RS
‘WQT’ 66.7% fEIK (30 Bk MIREM Foifl. Z#5 ‘WQT” 4 BRFEL:, HARMEIEANRE 2] DO RS
- ‘NKL’ 33.3% HEkk (15 ¥ Mot i, % 10 ‘NKL’ FER IS BE A E 3] DO IRFS
‘BN’ 33.3% fHk (15 M) IREM it ‘BN’ 2 BRIET:, HARMMIEANE 3 DO R
‘XN’ 66.7% fEIE (30 Bk MREM ol Z# XNT S RSB, HARMMIEARNKE S DO IRES
‘MD’ 17.7% fitk (8 #F) mybsamt r#fh, i ‘MD’ RS FE A S 3] DO R
‘C28’ 17.7% itk (8 #%) Mt ik, ¥ ‘c28’ TR EE AR E 2] DO IRZS
‘FKT’ 33.3% fEbk (1580 Mt Fsife. #iE ‘FKT’ TR B AR S 3 DO IRES
8 3 B AN [F I B 5T iz gk i A, B ‘KD’ F1‘TIS” 4F, &5 FE D10
HI B A E AR (B 1. 2) , RILAH DO I I ) LET %2 DO % % T B 13.22% ~ 29.96%: &
B, D10 K 2% & B i) LT F1 PT ¥ &8 2 R (K, % ‘KD’ ‘NKL’ Al ‘C28" 4b, H 45 FE D10

& 43 5 N 6.33% ~ 27.42% F1 7.73% ~ 32.67%.

‘KD’ ‘GX 5

Bf B ST % DO & & F % 4.78% ~ 40.19%. LT.

‘TIS ‘

wQT

‘NKL’

R10 |

XN’

4eco8t

LCT. AIRZEIE; UET. LRKERE; LET. FREFEE: PTHMEAISURRE; ST il E (X200) .
LCT. Cuticle thickness; UET. Upper epidermis thickness; LET. Lower epidermis thickness; PT. Palisade tissue thickness; ST. Sponge tissue thickness (X 200).
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Fig.1 Anatomical structure
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[ po [ p1o [ rR10

ANFKRE FRFRAHFE S EA RN B2 R % (P <0.05) ; RN FRFRE BN BORRM I ZREE (P <0.05) . FH.
Different capital letters indicate significant differences between the same varieties under the different sampling periods (P << 0.05); different lower case letters indicate
significant differences between different varieties at the same sampling period (P << 0.05). The same below.
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Fig.2 Mesophyll structure parameters
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Fig. 3 Effect on photosynthetic parameters of C. illinoinensis
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Fig. 4 Effect on relative conductivity of root activity of C. illinoinensis
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Fig. 5 Effect on relative conductivity of leaves of C. illinoinensis
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To BB A, F AR B R A H 5
DO 1 & iR m (B8 8.67% ~ 35.91%) , # W
B I TR) - 5 2 040 B 52 B0 B4 . AH B DO,
R10 B % 5 Al G 5 230 R 25 RGP RN
5.33% ~ 43.43%. {ET R Mia 28 xd
FOHXT SR N R KRR XN, & Z
‘C287 , ULEH XN’ iR 5 da B AU

24 HHEEXMRERS ST

K 3 A, stk hov a8, i
H g5 SR RTE DA EM RN, K, W R R
(LT) 5 FLEERE (LET) « 4R ERE (PT) .
WAL EE (ST « s WEME (SR) 2
WEEIEHX, P, 5 G\ T C 2WEE EHX.
LT. LET. ST 5 P,. G T.F C, 223 IEAHE,
i F A S E (REC) EASFEFEEE Uk 5.
P,. G,. T.F1C, 5 REC EARFFEE HAMHE, HH
fisl g5 fgrh A ST A1 SR SR RiIG 7/ (RA) B3
IEFHSR, TGE RS Ta05 5 RT G E A .

FERRA A RER (K4, @4 DT
I3 SRR 40 AN 37.331%. 22.030%- 14.115%.
10.035%, Rl TimkZIAH] 83.511%, nJ LLRAT )R
WL T2 LA AR I e S AR R IR AR
RIENFEFEFLE. Hh, WRENREERE. P,
G Fl T, £ PC1 [MEATECR: MARIE ] BAAH LR
JE P RN 40 i 455 ) A B2 TE PC2 IR Fr e ks A
2H 2 J5 S R 4 Y 45 ) B FEE AE PC3 I 37 K
FIR 2 R EAE PCA BIFRATHE R

AV R GRS, ARSIk AT

A A s BN I 97
FHEMFFEIRIKIKCN ‘GX 5" ‘BN ‘TJS” ‘WQT’
‘FKT’ ‘XN’ ‘MD’ ‘NKL’ ‘C28° ‘KD’ .
3% it
3.1 FEHEREKLENTEFLZHE KR

LAl

AWFFTas KRR, BEET 5P EnE s
K, 10 AN 52 1 A% Bk Bl gl i AR K R B
R E AL E B FAER . B JE 2 FH aFr
‘KD’ ‘C28" ‘MD’ , A2 20.0% I 48 #k th
BB A BT T, 2 A
I ‘XN’ ‘WQT’ ‘BN’ ‘GX 57, 66.7% K
WM B JLP 2 = Bk, HLEBERAIE. %
ARG AREAR B, AR T I
NEY T E S B S T b oK i
FEUS, FRBME N, & R R A% Bk 0 A
JERE. MR EJERE. MR R f it 4R 2R R
FE 35 5 25 A LR ER AT R T B bhE T Tk
PRK AR RS, SEO A gi i & oK E T R, R
A8l mrt R P S AR ) 5 A T o N A R ER BRI 7 1) K
A TE R, XA S TR A
B 18 Medicago sativa L. F1 ¥ 5§ KX Al 46 Impatiens
hainanensis Y. L. Chen ¥y fif 51 25 44 e 9 A4 —
O 2 BRI T R BT R E R R A
R BN R R KM R b i B,
KRR 5 8 e AR E A R N
B ZESR, #EMIE AN R R 6 R 2 SR
WEST L AZ AR AE 5B A8 T BE AR ) T 38 B A

R34 DHEIEAREEMES

Table 3 Correlation analysis of 14 leaf indexes

EEEY

indieator LT LCT  UET LET PT ST CTR SR P, G, T, G REC
LCT  0.036

UET  0.187 0301

LET  0.533* -0.157 0.431*

PT  0.78%* 0061  0.132  0.295

ST 0.871** -0.088  0.103  0.575%* —-0.499%*

CTR 0088  0.124 0038 -0215 0.620%* —0.192

SR 0.567%* -0.095 -0.047 0290  0.031  0.82%*F -0.568%*

P, 0786** -0.092 0222  0.682%* 0.735%* 0.634** 0.156  0.263

G, 0.657*% 0.053 0322  0.664** 0.668%* 0.527** 0.142  0.174 0.931**

7. 0.806™* —0.036 0308  0.704** 0.700%* 0.682%* 0.046 0326 0.896%* 0.907%*

C, 0.580% -0342  0.066 0.548%* 0377 0.575%* -0.156 0376 0.516** 0455  0.628%*

REC -0.589%* 0.037  -0.082 -0.546%* -0.232 -0.633** 0311 —0.586%* -0.543%* -0.567** —0.554** —0.483

RA 0311  -0.192 -0.206 0054 -0.006 0.510%* -0287 0.576** -0.046 -0.056 0.091 0341  -0.389

F ok P <0.01;* P < 0.05.
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Table 4 Principal component analysis

SISk 53 fai 2, Principal component loading

Evaluation index PC1 PC2 PC3 PC4

A JE B Leaf thickness 0.668 0.569 0.396 0.086
5 2 JE 4 Leaf cuticle thickness -0.118 0.010 0.141 0.914

2 7 JE % Upper epidermis thickness 0.492 -0.243 -0.214 0.572
T E B JEFE Lower epidermis thickness 0.875 0.087 -0.253 -0.035
M2 ZH LR S Palisade tissue thickness 0.550 0.123 0.803 0.035
LA 2R Sponge tissue thickness 0.563 0.763 0.111 -0.001
AR 45 F % B Cell tightness ratio -0.017 -0.391 0.853 0.053

YU 45FI RS B Spongy ratio 0.214 0.881 -0.246 0.012
P, 0.889 0.135 0.317 -0.038

G, 0.889 0.062 0.252 0.101

T, 0.897 0.226 0.233 0.012
C 0.617 0.345 -0.003 -0.416
I A6 FL S5 % Relative electrical conductivity of detached leaves -0.562 -0.564 0.151 -0.021
R %1% /7 Root activity -0.102 0.811 -0.039 -0.211

FFIE{H Eigenvalue 5.226 3.084 1.976 1.405
BTk Contribution rate /% 37.331 22.030 14.115 10.035
Z 1 TIHRZ Cumulative contribution rate /% 37.331 59.361 73.476 83.511

*5 BSmMNESERERRELHF
Table 5 Comprehensive index value and ranking of
drought tolerance of each variety

. ED¥ise iy JERC Yoy

””ﬁ Principal component score Total ﬁfi}?
Variety Ranking

PC1 PC2 PC3 PC4  score

‘KD’ 1.47 0.49 0.32 0.02 2.30 1
‘GX’5’ 0.72 0.10 0.11 0.02 0.95 10
‘TIS’ 0.95 0.33 0.18 0.01 1.47 8
‘WQT’ 1.02 0.35 0.15 0.08 1.60 7
‘NKL’ 1.42 0.41 0.28 0.07 2.18 3
‘BN’ 0.98 0.18 0.20 0.05 1.41 9
‘XN’ 1.29 0.38 0.19 0.06 1.92 5
‘MD’ 1.56 0.34 0.17 0.10 2.17 4
‘C28’ 1.53 0.25 0.32 0.09 2.19 2
‘FKT’ 1.10 0.16 0.29 0.10 1.65 6
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B Malus pumila Mill.”* [ifi T 5 38 19 28 AL AR [F] 5
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