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Effects of drought stress on seedling growth and development
of different ginger varieties

LIU Xiaocen' ,WU Yanbi' , TIAN Ye', YANG Tinggian' ,GUO Zihan',
SUN Chong'?,LIU Yiging' ,ZHU Yongxing' "

(1.College of Horticulture and Gardening/Spicy Crops Research Institute, Yangtze University , Jingzhou 434025, China;
2.School of Landscape and Life Sciences, Chongging University of Arts and Sciences, Yongchuan 402160, China)

Abstract ; [ Objectives ] This study aimed to explore the effects of drought stress on morphological changes , photosynthetic characteristics
and other physiological indexes of ginger at seedling stage,and to provide reference for the study of drought tolerance mechanism and
the selection of drought-tolerant varieties of ginger. [ Methods ] Five main varieties ( * Shandongdajiang” ‘ Fengtoujiang” ‘ Zhugenjiang’
‘ Luopingxiachuangjiang’ and  Guizhouxiaohuangjiang’ ) were selected as test materials from the main ginger producing areas of North
China , Central China and Southwest China. Drought stress was simulated by 250 g-L™" PEG-6000 solution ,normal water treatment( CK)
and drought treatment ( DS) was set to determine the growth and physiological indexes such as leaf moisture content, leaf water
potential , photosynthesis , stomatal phenotype, chlorophyll content and other growth and physiological indexes of different varieties of
ginger under different treatments at 15 days, and the lignin deposition of ginger stems was observed by paraffin sectioning method.
[ Results ] Compared with CK, the leaves of various ginger varieties had different degrees of curly yellowness at 15 days of drought
treatment. The free water content( FWC) ,relative water content( RWC) and total water content(TWC) of leaves decreased significantly,
the content of bound water (BWC) of ‘ Shandongdajiang’ increased, and the BWC content of the remaining four varieties decreased
significantly. The water potential of the leaves of various varieties of ginger decreased significantly ,and the ‘ Fengtoujiang’ decreased the
most. In addition, the net photosynthetic rate (P, ) ,stomatal conductance (G, ) ,intercellular CO, concentration( C,) , transpiration rate
(T.) of leaves decreased, the length and width of the stomata decreased, and the length and width of guard cells did not change

significantly. Among the five varieties, the photosynthetic index of ‘ Luopingxiachuangjiang’ was the most affected, and the stomatal
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conductance and transpiration rate decreased by 100% and 93.84% ,respectively. The contents of chlorophyll a( Chla) , chlorophyll b
(Chlb) and total chlorophyll a+b(Chla+b) decreased but not significantly, while the content of carotenoid ( Car) increased in
¢ Shandongdajiang’ but not significantly ,and decreased significantly in the other four varieties. After drought treatment,the amount of
stem lignin deposition increased in ‘ Shandongdajiang”’ and * Luopingxiaohuangjiang’ . [ Conclusions ] Drought stress affected the growth
and development of ginger seedlings, and there were differences in drought tolerance among different ginger varieties. The drought
tolerance of the five ginger varieties was ranked from strong to weak as follows:  Shandongdajiang ’  Fengtoujiang ’
¢ Guizhouxiaohuangjiang’ * Zhugenjiang’ ‘ Luopingxiachuangjiang’ . * Shandongdajiang’ had strong drought tolerance, which could be
used for further analysis of the molecular mechanism of drought resistance and creation of drought resistance breeding high-quality
germplasm materials.

Keywords : ginger ; drought stress ; photosynthetic characteristics ; physiological response
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E1 FTEHhEMARGMEEZNFEEHZIME
Fig. 1 Effect of drought stress on leaf morphology of different varieties of ginger
CK: 1E % 7K 43 4t P Normal water treatment; DS; T 5 Ak # Drought treatment. GZ. 5% JM /s & %
Guizhouxiaohuangjiang ; LP ; & /N 2% Luopingxiaohuangjiang; SD: 111 4 K 2% Shandongdajiang; FT; X3k 2
Fengtoujiang ; ZG : /TH#R 2% Zhugenjiang. T [i] The same below.

x1 TEBENARE@RMEEZMNFEXERZIE

Table 1 Effects of drought stress on leaf yellowing area of different varieties of ginger

i Qb3 A i A/ mm? I A B AT A mm? i Ak Al %
Variety Treatment Leaf area Leaf yellowing area Leaf yellowing ratio
o CK 2 267.64+94.84° 14.50+5.03" 0.63+0.02"
DS 2 125.92+88.61° 183.16+3.25" 7.99+0.08*
p CK 1 839.55+108.19" 11.45+2.54" 0.62+0.02"
DS 1 680.01£126.92" 529.21+81.33¢ 32.28+1.13¢
- CK 2228.61+158.22° 9.79+2.11" 0.45+0.02°
DS 2 152.80+154.20* 10.78+1.73* 0.52+0.02*
- CK 2 072.05+91.00* 13.80+4.20" 0.68+0.04"
DS 1964.11+141.59* 90.65+13.69* 4.70+0.06*
” CK 1 792.92+98.54* 12.46+3.09" 0.70+0.02"
DS 1 695.98+84.16* 108.48+39.71* 6.31+0.04*

T AR INE TR IR ) — RS [ b B 9] 22 5 2 35 (P<0.05) . TR,

Note ; Different lowercase letters indicate significant differences between different treatments of the same variety( P<0.05). The same below.
22 FEBBMWNEZKSSENHIT
M 2 WAL AT CK, TR )G TR 2 Al KS & (FWC)  REK & & (BWC) | B &K E
(TWC) /9 FFET 11.69% 9.15% .10.03% , #HX & /K & (RWC) T FRAEA 3 5 11 ¢ B /e 22 i 1
FWC.TWC Fl RWC ¥ 2 TRk, HIRIREK, 4350 48.44% 12.44% 17.72% ,BWC 5 &8 F A B,
CHOMN/NEERE A XK B FWC TWC Al RWC 258 3 R, 1 BWC FREIAEE, 5 CK AL, ¢ thZR
KFEFWC BE FFET 37.59%, TWC Fl RWC R FEEAEE i BWC SR EA T 6.64%,
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x2 FTEBENARERMEZKSSENZE

Table 2 Effects of drought stress on water content of different varieties of ginger

mi A OB AhARSTR/ (gg™) RADK &/ (gog™") Bk (geg™") AEXT B 7K R/ %
Variety =~ Treatment Free water content(FWC)  Bound water content( BWC) Total water content(TWC)  Relative water content( RWC)
cz CK 2.03+0.03* 3.95+0.21° 5.98+0.28* 96.63+1.62°
DS 1.59+0.23" 3.84+0.21° 5.43+0.47" 87.47+4.22"
Lp CK 1.92+0.18° 3.87+0.28* 5.79+0.17*% 97.75+1.68*
DS 0.99+0.17" 4.08+0.12° 5.07+0.05" 80.44+3.93"
D CK 2.66+0.06" 4.22+0.06" 6.88+0.31° 96.67+0.13*
DS 2.25+0.17" 4.50+0.40* 6.75+0.08* 95.00+0.02*
T CK 2.09+0.06* 4.82+0.34° 6.91+0.35% 97.52+0.56*
DS 1.69+0.10" 4.77+0.13* 6.46+0.22" 94.80+1.04"
76 CK 2.31+0.13* 4.37+0.14° 6.68+0.02° 90.04+0.75*
7 DS 2.04+0.12" 3.97+0.33" 6.01+0.21" 88.26+2.08"
23 FRENEXEEMNFABHHM 6" 0ok B Ds
\ . ; dB
UEPRETIE S 7 00 SRNITP > E T -
o ‘ £ 2
BOEHAKSRET T ISR, M EE Z e N B
BTN KB EREER, 5 ek E 5 bA b
N L aA
W, TRAEIE S NSES Rk BTN L2
=
B TR R I AR KRS M KA1 1 - .
ETFFET 31.03%.95.59% . 62. 15% . 42.49% . GZ FT LP ZG SD
- .
89.02% . T E-Mraffii 4% Az 22 ShAp i K 3R [ Sl Variety
SAS A RSk 250 i B K SR R R SRR 2 FEREPEXNARE R EZKEHNEIT
SR NS KR R IR A Fig. 2 Effects of drought stress on leaf water potential
N Al of different varieties of ginger
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Pn\Gs \Ci il Tr ig& CK lﬁ%‘—FF%O ngj(% Different lowercase letters indicate significant differences among

7:7:‘ CK ﬁ ?%ﬁﬁﬁ?i@%?%‘: iir%’} E/‘J P“ y ﬁj\%u ﬂﬂ different varieties in the same treatment ( P<0.05) , different uppercase
8.42 5.07 MmOl em 257! , Hf‘%mgi’%%d\o < gy 1’2 letters indicate significant differences among different treatments of the
AN 0GR T, TR R B, s e e e
FHET 100% 93.84% ., * iR 16 CK AT RAT G..C, A1 T B FRAOKT . * M 5° 1
hF T RALEIG G, F1 C, #REFLAE  RELkZ2" 1Y ¢, Fefid/, 2 31.59%,

*3 TEPEMNARRMEZLSIERSHNZIN

Table 3 Effect of drought stress on photosynthesis parameters in different varieties of ginger

i Variety AL PE Treatment P./(pwmol-m™2+s71) G./(mmol-m™2-s71) C,/( pmol -mol™") T./(mmol-m™2-s7")
7 CK 6.44£0.27" 0.08+0.01* 287.44+16.67° 1.67+0.13*
7 DS 2.94+0.34" 0.02+0.00" 184.11+15.82" 0.36+0.04"
p CK 7.91£0.38" 0.10+0.01° 286.00+11.78° 2.11+0.14*

DS 0.97+0.15" 0.00+0.00" 145.90+12.49" 0.13+0.02"
D CK 8.42+0.37° 0.19+0.03* 347.35+12.62° 2.36+0.34"
DS 5.07+0.05" 0.03+0.00" 171.25+8.53" 0.59+0.07"
- CK 6.65+0.33" 0.07+0.00* 277.58+5.25° 1.44+0.07*
DS 3.35+0.12" 0.02+0.00" 189.89+19.94" 0.45+0.04"
- CK 4.28+0.13" 0.04+0.00* 256.11+16.52° 0.94+0.05*
DS 1.07+0.20" 0.01+0.00" 133.90+17.59" 0.17+0.01"

2.5 FEBEMNEZESARENII

3% 4 AT, 5 CK M b, T4 B )5 < B /N 22 ALK B3 N I% 25.96% , HAx 4 A LA i <AL
KT E 2R SON/NEE Rk B/ TR A IL AR R 22 AL 43 il 2 T R
23.90% .27.03% .49.58% 4.06% .16.79% ;5 A~ it Fi (A A0 K S AR YE 394 T T R (B 3% R T 240
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PRl P ) AR BB E0 ,  ATRZE Z TR/, BN 2 TR RO,
x4 TEBENAR@RMEZSILREZM

Table 4 Effect of drought stress on stomatal phenotype in different varieties of ginger wm
i Jb ALK SALFE )RS il B
Variety Treatment Stomatal length Stomatal width Cell length Cell width
cz CK 18.04+0.99* 5.23+0.65° 34.41+2.13¢ 26.98+0.80*
DS 17.80+0.86* 3.98+0.37" 32.24+1.33° 25.39+1.55°%
Lp CK 26.39+2.28" 7.14+1.01° 37.86+4.79° 31.34+2.29°
DS 19.54+1.90* 3.60+0.52" 35.95+2.34¢ 30.58+2.88*
D CK 18.16+0.96" 5.18+0.75* 33.78+1.28* 27.07+1.87°
DS 17.67+1.11*¢ 4.31£0.59" 33.69+1.93¢ 25.93+2.17°
FT CK 27.75+1.07° 6.14+1.08" 44.14+2.10* 35.34+1.64°
DS 25.41+2.38 4.48+0.99" 43.45+6.30* 34.23+3.25°
7G CK 28.98+2.40° 5.66+1.13* 45.82+1.91°* 33.11+2.60°
DS 26.10+1.19° 5.43+0.96° 43.30+2.51° 31.20+1.50*

2.6 FEBEWNEEHERESENZM

M2 5 ATAL X RRAR LG, TR A5 S/ 22 RSk 22 < B /N 22 R PTAR 22 M4 K a
(Chla) & 43 9 B E K 15.13% .14.00% .39.65% . 13.82% , * 11 A K22 Chla & & FFREA B3, < Kk
2 B/INEE R b (Chlb) & it 3 1) i 2 PR AR 11.50% .28.82%, “ I AR K22 SEIN/NiE 22 Fl
MTHRZE Chb & SRR B < SEMI/NEE R RSk Z2° < BP/INE 32 R ATAR 22 Chla+b 5 57051 8 3%
FEAR 12.86% .13.14% 36.25% . 11.21% , * 11 45 K 2%’ Chla+b SN BE;  SRM/NEZE Rk %
SENEEZE RN ATARZE 2RI DR (Car) H ol B E AR T 16.67% ,14.58% ,46.27% ,23.86% , LI 7R K
% Car AN BE,

%5 TEBEMARSMEEHERESEHEN

Table 5 Effect of drought stress on chlorophyll content in different varieties of ginger mg-g”!

i fbam R MERE b & M4 E a+b B RN s
. - Chlorophyll a( Chla) Chlorophyll b( Chlb) Chlorophyll a+b Carotenoid ( Car)

Variety I'reatment
content content ( Chla+b) content content

oz CK 5.09+0.17* 2.14£0.03* 7.23+0.20* 0.90+0.03*
DS 4.32+0.13" 1.98+0.12° 6.30+0.25" 0.75+0.00"
p CK 4.01£0.13* 1.70+0.07* 5.71£0.21* 0.67+0.01°
DS 2.42+0.12" 1.21+0.08" 3.64+0.19" 0.36+0.02"
so CK 4.38+0.18* 1.95+0.04° 6.33+0.20" 0.71+0.05*
DS 4.23+0.08* 1.84+0.07* 6.08+0.14* 0.74+0.01*
- CK 5.50+0.10° 2.26+0.03* 7.76+0.13* 0.96+0.04*
DS 4.73+0.05" 2.00+0.09" 6.74+0.14" 0.82+0.02"
. CK 4.56+0.33* 1.95+0.10° 6.51+0.38" 0.88+0.11°
DS 3.93+0.08" 1.85+0.09* 5.78+0.16" 0.67+0.01"

27 FEBEMEZEEFARZARHITM

36 FT A S BT, R HRSZ T R f /N S B R 2 AR IR OR 2R M B NEE 3R AR T
FRBEARB R RGN, RE 3 A IEE KT, IR KRZE f /N 22 R TR g (8 %
JEHER ;5 CK A H, TRANBR)S < IR R 22 ML (@ ey FI I , R R RUTRLE 2 ¢ B /i 22
21 A YL S R I AN B
2.8 RERHBEXMNARSMEZNTHEEESITN

X5 A AP A 22 AT S 0E T Y 18 N EARUEAT R0, 5 AR (3R 6) FEH L ET 3 AN A R
HEAE 3 )2 11.487 .3.958 . 1.729 , TTHk R 4351 K 63.817% .21.986% .9.606% , ZFATTHRH 1k 95.409% , PeiE
551 B M B A L] FWC RWC ALK (Chla % #&  Chlb & Fl Chla+b & HEA5F8 R, P
%2 FWSTELIE BWC TWC K P, M AR He bR, e 28 3 EMA M EZRE 6, .C,\T. . <
FLIEFN Car 7 HSHEAR . RIGLEEIEM AR 5 ASMA A D AE, D (B, W & R S se . 5 A4
2RI R R B SS T O I ARRZE  Rk 2 SN/ 2 TR BN (R T) .
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B3 FTREBMETEZZDBARIRNMANE

Fig. 3 Observation of lignin deposition of ginger stems under drought stress

K6 BRAERNRAMRITHE

Table 6 Coefficients of comprehensive indexes and contribution rate

ekr FE 4> Principal component

Index PC1 PC2 PC3
i Fr # AL E B Leaf yellowing ratio -0.087 0.006 -0.004
FWC 0.083 -0.060 -0.031
BWC -0.027 0.214 -0.175
TWC 0.067 0.147 -0.146
RWC 0.081 0.002 -0.037
JK3# Water potential 0.018 0.224 0.196
P, 0.073 0.110 0.040
G, 0.071 -0.081 0.269
C, 0.024 -0.004 0.544
T, 0.077 0.069 0.222
ALK Stomatal length 0.081 -0.023 0.011
S FLFE Stomatal width 0.071 -0.113 -0.148
YK Cell length 0.040 0.214 -0.070
HIFE Cell width -0.049 0.194 0.100
Chla 0.086 0.009 -0.082
Chlh 0.083 -0.072 -0.068
Chla+b 0.086 -0.006 -0.085
Car 0.080 0.077 -0.104
FFE{E Eigenvalue 11.487 3.958 1.729
TiHk#/% Contribution rate 63.817 21.986 9.606
BHTTHRE /% Cumulative contribution rate 63.817 85.804 95.409

®7 BRMHSEERE NE .U, D ERTEEHRF

Table 7 Comprehensive index value,weight, U(X;) ,D value and ranking of drought tolerance of each variety

Al Variety X, X, X5 U(X,) U(X,) U(X5) D {H D value HEF Ranking
GZ 0.229 -0.773 0.479 0.777 0.232 0.644 0.638 3
LP -1.745 0.332 -0.208 0.000 0.710 0.384 0.202 5
SD 0.791 1.007 -1.223 1.000 1.000 0.000 0.898 1
FT 0.442 0.746 1.419 0.861 0.888 1.000 0.881 2
7G 0.282 -1.312 -0.467 0.798 0.000 0.286 0.563 4
AXFE Weight 0.669 0.230 0.101

TE: X Xy FX )RR IR0 3 ANERE TR 224G UX,) JU(X,) \U(X,) X ROHT 38 pR AU D (o pi R4k
BEHRHE,
Note: X, ,X, and X; are the drought tolerance coefficients of the three comprehensive indicators based on principal component analysis, respectively ;
U(X,),U(X,)and U(X;)are the corresponding calculated drought resistance membership function values;D value is the drought resistance
measure.
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HRPE AR A ARGV S PR PE Z 8] 0 SCIE R B OCHREE 45 R W3R 8 N3k 9, B LM T b
WF G, SHRE R ER K, 0.750 4, Hk R P,(0.721 0) JH AL L] (0.699 2) . & ERIE bR S5t
MR IR RBVNT A 6, P, W R ARG C . T, ALK (Chlb & Car ¥ Chla 7 &  Chla+b
i FWC AALSE TWC 458 . BWC A . RWC K3,

F8 SHORISIR S MR XE RBUER

Table 8 Correlation coefficient matrix between each trait index and drought resistance

i - F Bk L

Vnanri*iy Le;f“ )}il/h\)jﬁll: ?ajtio Fwe Bwe e Rwe Watejji)i\ential P, & G .
GZ 0.672 4 0.6724 0.6724 0.6724 0.6724 0.672 4 0.6724 0.6724 0.6724 0.6724
LP 0.333 3 0.7572 0.6543 0.6804 0.693 1 0.640 2 0.8843 1.0000 07205 0.877 8
SD 0.957 5 0.6553 0.651 7 0.655 1 0.654 1 0.610 3 0.608 8 0.764 7 0.727 3 0.639 0
FT 0.790 2 0.6654  0.668 5 0.666 0  0.656 5 0.580 0 0.6504 0.6424 0.657 8 0.586 1
7G 0.742 8 06455 06872 0.6744 0.6546 0.680 5 0.7894 0.6724 07155 0.709 9
i ALK SALIE YK 2 i i

Vuarfiy Slome:tﬂd t:ngth Stom:t?;[l‘ Jwidlh Ce[ﬁl HEIE;th Ccl?lﬂgihh Chla Chlb Chla+h Car
GZ 0.672 4 0.672 4 0.672 4 0.672 4 0.672 4 0.672 4 0.672 4 0.672 4
LP 0.7323 0.756 0 0.669 5 0.664 4 0.745 3 0.727 4 0.737 2 0.761 0
SD 0.6755 0.652'5 0.658 5 0.668 5 0.646 5 0.668 1 0.650 6 0.621 4
FT 0.688 6 0.681 6 0.661 4 0.666 0 0.672 5 0.682 1 0.673 1 0.666 9
7G 0.692 2 0.619 5 0.670 5 0.672 1 0.672 1 0.666 9 0.668 3 0.692 0

x99 EEZEHHTEBMETEHEREREERXEKERIERF
Table 9 Correlation degree and ranking between various traits and drought resistance

under drought stress at ginger seedling stage

T I B i 7
H PESIEILE] e pwe twe Rwe A p ¢ ¢ T,
Item Leaf yellowing ratio Water potential
. Béﬂfﬁ{ 0.699 2 0.679 1 0.666 8 0.669 7 0.666 1 0.636 7 0.7210 0.7504 0.698 7 0.697 0
Correlation degree
e Ranking 3 11 15 13 17 18 2 1 4 5
TiH ALK ALTE IS 20 vE
Ttem Stomatal length Stomatal width ~ Cell length Cell width Chla Chib Chla+h Car
FKHRE
. 0.692 2 0.676 4 0.666 5 0.668 7 0.681 8 0.683 4 0.680 3 0.682 7
Correlation degree
HEJ¥ Ranking 6 12 16 14 9 7 10 8
LA
3 g

KA RAY AR E R R B LB R Z —, S R oK 2 T R e, SR R F 8 E5
REGEZRINE, HEEN, TRFECEKRT A LXK, MIEEE TR, R &ZESR™ AR5
o TR 5 AN SRR AR R R I A A2 B 2R R BALEE T CK, T R4S B/
2 b B AR ST, Bk LB Rk 32.28% , M B SZ R MR K ; ¢ INAR K22 i i AU B AR R
1k, BAL L 0.52% , 32 520 HR /)N

RWC AT LS Bem 7K 435 0, 76 32 21 5 e i e S HIWrE S K B h i R B R hn 2 — 1 ik
e Sp O A R W, T RMA A 3 AN VR RWC B35 R R, 70 A T PR 09 2 A /N2 R
RWC R IR B KT, 2B RWC AIVE A PLR TR () 2R BRAR bR . ARG R B0, T CK, T2 M
TR ATRZE PO NEZE SIS R R RWC B3 IR, T IR KRZE A RWC
ToHI B 225 R K B WA PR N K oy 5 S AR BER R 2 — , T R A T A nT DL BRI Rk
PRI RE ST, NIMAERE R IE 7 A Y L TR s £ W, T 208 T 6 A~/ St Fr ok
PBIREAL, P PT R AR R A SR I8 5 2 5 KRR IR AR/, ARG T, T RN T 5 AN A 22 SRR
KSR Ho  REL 22 i R K SR IR R K, TR T 95.59%, ¢ St M /N 22 I 7K AT ek it B
/N
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PPN S I B bR 2 — 0 ARBE T, SR E R AT RINA S P, A SRR R R R, 3
B NEZE P, RRET 87.74% BEIRE A IWARKRZE P, — BRI AT, B IR S/ N, BB < 1L
HRKZ BT R WHa T 2w/ bR et s

-2 R A TG AR A B i, YOG RE AW S5 AL AR i 2 AR AR5,
L BN ¢ SN/ SR FE T R BE S Chla, Chlb AT Chla+b 75 8 3 5 2 BEAK, 0 ¢ AR K
MR RGERABEET ., Car SAEYARPEZWHUAY T, 7T LLFEALT 5450 Wi ok 19 E AL i
i, WFERM, TR Car & SRR IRIETAG ) S IRk 55 o or R A, A6 AR S AN ]
FEMTRIE T, A Car H B ERRML, AR TR, SON/NEZE  RELZE B/
LR MR Car HRt W E TR, W IR KRE Car SR WEFL A, HBHIENAETREMT,
IR RZE BB AR Car AR i SR AR

KRR EEAETE TR 3G S 0 20 B BE v | S ) 1R 40 200 B B ) SR o =2 — , o A 40 25 %) I 8 it g
FREED ) HFITEW, T EWREA TR ORI R AR TR S 0 i SRR SRR K R
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TR0 5 AL ZERAR GRS L | IWARRE BRI E & T PP/ iE . RREW
TR I 1 A 2225 FF 0 B ORAIE 1 /K o33z i M SR i, 1] 25 FF R BT Y i /K PR RE 5 08 /D /K 3 AR is Hi ik
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B B, ARBRAE A LGN TR el e R T E AR, M LR K EE BB R 2R LAY
XS T R e G T B0
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8 D EIFEATHES o 5 A2 R B it e SR B 55 HEP 8 INAR K2 < RSk 22 < BM/NEE 32 TR
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