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Abstract [ Objective ] To study the effect of shading treatment on the growth of Zingiber zerumbet. [ Method ] Three different shading treat-
ments and a group of control treatments were set up. The shading degrees were 30% (T, ) ,55%(T,) ,75%(T,) and natural light (CK) re-
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spectively. The effects of different shading intensities on the growth, chlorophyll content, photosynthetic physiology and osmoregulation sub-
stances of Zingiber zerumbet were studied. [ Result]The results showed that with the increase of shading intensity, chlorophyll a, chlorophyll b
and total chlorophyll content of red ginger leaves firstly increased and then decreased, and reached the maximum value at T, treatment. Net
photosynthetic rate firstly decreased and then increased, and it was the minimum value in T, treatment and the maximum value in CK treat-
ment.The intercellular CO, concentration, stomatal conductance and transpiration rate all showed a downward trend first and then an upward
trend, and reached the minimum value in T, treatment. WUE increased firstly and then decreased, and reached the maximum value in T, treat-
ment.The net photosynthetic rate was positively correlated with stomatal conductance, transpiration rate and atmospheric CO, concentration ( P
<0.01).With the increase of shading intensity, the soluble sugar content and the MDA of Zingiber zerumbet leaves decreased gradually, and
the SOD activity showed a trend of first increasing and then decreasing. With the increase of shading intensity, the relative conductivity firstly
decreased and then increased, and T, treatment was the minimum value. [ Conclusion ] According to the changes of growth, chlorophyll con-
tent, photosynthetic physiology and osmotic regulation substances, it was found that the shade degree of 55% was the most beneficial to the
growth of Zingiber zerumbet, indicating that the appropriate shade environment could promote the growth and development of Zingiber zerumbet.
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Table 1 Growth of Zingiber zerumbet under different shading treat-

ments cm
. It <
5 bk [t Ee oA
Treatment Plant height 1 Leaf blade width
ength
CK 89.750+10.639 ¢ 28.380x1.474 a 7.300+0.570 a
T, 147.500+3.841 a 30.500+2.092 a 7.200+0.941 a
T, 105.250+9.975 be 28.500£2.511 a 7.625+0.482 a
T, 108.750+6.379 b 27.030£1.582 a 7.900+0.367 a

T RIGIAS R NG “FhE e b ) 22 5 Bl 25 (P<0.05)
Note ; Different lowercase letters in the same column indicate significant
differences between treatments ( P<0.05)
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Table 2 Chlorophyll content in Zingiber zerumbet leaves under differ-

ent shading treatments

R S

T2 7

b iR R D Tol  EE /b
Chlorophyll a  Chlorophyll b .

Treatment . chlorophyll  Chlorophyll a/b

mg/g mg/g me/e

CK 0.172+0.017 ¢~ 0.061+0.006 b 0.233+0.023 ¢ = 2.799+0.035 a

T, 0.256£0.016 a  0.093+0.010 a  0.349+0.026 a  2.760+0.124 a

T, 0.217£0.008 b 0.076+0.003 ab 0.294+0.010 b  2.840+0.022 a

T, 0.200+£0.014 be  0.069+0.006 b 0.269+0.020 be  2.886+0.056 a

TE : RIS RNG FREFOR AL BT 22 53 1. 25 (P<0.05)
Note: Different lowercase letters in the same column indicate significant
differences between treatments( P<0.05)

23 AREIEFBAMERTLIRERM F & £ RN

23.1 SLESE R 3 AL A, R ARE R
1 011 Pa, K5 CO, #eE7E 385.000~387.300 wmol/mol , 3%
TR R LRI IS 174 34.400 °C T3 38.575 °C ., BEE HERH
R (R 18, A0 I B AN I T I R I T R S T
POT, Wb, T, T, T AR RS 4390 CK Y
0.979..0.859 F1 0.901 £, T, T, T, AbFE R [y - T v 40 i)
CK 11 0.990 .0.848 i1 0.912 £z, CK.T,.T, T, AbHi% 2 i i
2R BF(P<0.05), & T CK 5 T, AbHrmiR e T n &2
5(P>0.05) , HAthAb 3 ] 25 5 i 3 (P<0.05)
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Table 3 Physiological and ecological factors of Zingiber zerumbet under different shading treatments

e SR i R e A CO, I

Treatment nvironment le-mperature of the Leaf temperature //°C Air pressure //Pa Atmospheric CO,
temperature // C air chamber //°C v P concentration // wmol/ mol

CK 34.400+1.302 b 47.355+0.183 a 48.815+0.540 a 1011 a 386.700+0.900 ab

T, 37.800+2.353 a 46.355+0.811 b 48.315+0.751 a 1011 a 385.000+1.789 ¢

T, 34.240+1.479 b 40.680+0.613 d 41.380+0.632 ¢ 1011 a 387.300+1.735 a

T 38.575+0.409 a 42.690+1.116 ¢ 44.505+£1.213 b 1011 a 385.850+1.490 he

T : [RSNGB A BRI 22 53 1. 2% (P<0.05)

Note ; Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05)

MR 4 L Lok 2 n ot G R DL CK i, 36
3.450 pmol/ (m” « s) , ZUEBHAL BT , 6 A R R [, 1%

F CK, T, AbBHGEA R Fr /N 2.318 pwmol/ (m®+s) ], J&:
CK 9 0.672 4%, T, T, F1 Ty kb BH A 21 BRI V7 T 44 72 7
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R IR T B ARG T A BRZE Mo e A iR . Bt I B 2
BRI LT ERZE M B M R] CO, M BE AL T R 25 i ikt
REJTFREG TR %, T, B /ME, T, b3 |-
Fto Mala] CO, MEERMSALFRELE T, AbBE A/ ME, H A2 32
CK 1) 0.862 F110.340 fi7, ZEWE %1 CK 255, T, T, [T, Ab Bl
%, 439 CK 19 0.443 0.274 F10.352 4%, JEEBAAL PG 21 8k

- F KSR PRI A, T, ARFR[ 1.642 mmol/ (m® +s) T8,
& CK[0.356 mmol/(m’+s) ] 4.612 £, ¥lt&=, T, kb
5 CK W E 2257 (P<0.05) ; i) CO, He B 251 R Al
ST, CK 5 H A A B Y 25 57 1 35 (P<0.05) . K5
R, T, 4bBlS CK\T, 4bHi22 R i 25 (P<0.05) .
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Table 4 The photosynthetic parameters of Zingiber zerumbet under different shading treatments

fhgm Ep g Hfal CO, e AL A KRR
o Net photosynthetic rate Intercellular CO, Stomatal conductance Transpiration rate Water use efficiency
Treatment 2 . s 2 2 2
pmol/ (m” +s) concentration // pmol/ (m™+s) mol/(m”+s) mmol/ (m” +s) mmol/ (m” -s)
CK 3.450+0.990 a 319.050+£10.920 a 0.206+0.060 a 9.786+1.907 a 0.356+0.094 ¢
T, 2.318+0.809 b 285.550+27.910 b 0.078+0.055 b 4.336+2.411 b 0.617+0.262 ab
T, 2.823+0.806 ab 274.923+49.842 b 0.070+0.050 b 2.681+1.891 b 1.642+0.921 a
T, 3.112+1.235 ab 292.200+21.075 b 0.087+0.055 b 3.448+1.681 b 0.907+0.302 b

PRI NG R F 7 A BT 2 5 1 5 (P<0.05)

Note ; Different lowercase letters in the same column indicate significant differences between treatments( P<0.05)

2.32 HAPERNTZE AN hER S nA, L0k
RGBS SR R ER A CO, MR )
WA IEMIE(P<0.01) , HErp AR MR BN L5 B2 > 260
SRR CO, WL, ZrBkzem i LSRR COMELR
BFIEMAR(P<0.05) ;2L EREM R AL RS Z AT
BIFF AR 3 1A G (P<0.01) , 73531 D v e 15 3 5% )
CO, WePZ ZRHEH AR AR | i B2, HE b 28 R
ALY A M IR R, O 0.962; HLUOR AL T 5 5 M [A]
CO, ¥PZ , AHSMEN 0701, JHafE] CO,#JE 5 i i 1 3%
IEARR(P<0.05) o Z& 58K 5 AN N 5 Z [ A7 AE AR 35 1E

SR (P<0.01) AHIAEM A/ NEB AL ZIE >l CO,
JE SR >IHRRE >Hota R RS LT
JE ZE I R AU R B L PR R R R N R IR A R (P<
0.01) o HERABE -5 K 2 BN 1 Z 18] 47 6 1 ik 25 TRl 5¢ (P <
0.01) , B UL > I 11 > 28 5 1R > RS 3> Y
6] CO, e 5 36 BA JEE AN e 15 1R TG S 35 A G (P>0.05) 6
FRIEZAb, KA CO, W5 A il B AN T LS PRI
S DU O (P<0.01) s BRBEHIR I 5 [A] CO, e EE AR
R CO, WRIE LM B A (P<0.01)
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Table 5 Correlation coefficient between photosynthetic factors of Zingiber zerumbet
N KX CO,
Hoea R ilE co e ; PR ERE ; ; .

o ks Wy e amme odor o sy smume e
o - Stomatal ~ Transpiration Atmospheric peraty Leaf Environment ~ Shade
Parameter Photosyn-  Intercellular . of the air

. conductance rate CO, temperature temperature  degrees

thetic rate CO, . chamber
concentration

¥4 R Net photosynthetic rate 1
HfilE] CO, #JZ Intercellular CO, 0.066 1
S FL5 B Stomatal conductance 0.628" " 0.701"" 1
FE M R Transpiration rate 0.522"" 0.675"" 0.962" " 1
KR CO, ¥ BE Atmospheric CO, 0321 " 0.175 0.233* 0.154 1
concentration
K% i JE Temperature of the air  0.016 0.239" 0.494" " 0.663" " -0.377"" 1
chamber
IR EE Leaf temperature 0.005 0.212 0.467"" 0.629" " —-0.408" " 0.984" " 1
M5 BE Environment temperature  —0.194 -0.343"" -0.202 -0.158 -0.561"" 0.293° 0.386" " 1
JERHJE Shade degrees -0.061 -0.313""  -0.521"" -0.676" "  -0.020 -0.806""  -0.733"" 0.208 1

TE: = JMHIFORTE 0.05,0.01 KR FAE

Note: # , # * indicate significant correlation at the level of 0.05 and 0.01 respectively

24 MREEFTWR 6 al L, A YR R,
ZLRRZZM: ] MM A 2 1 B /L | Ak B S B AT P
PO CK 3 BIBRAR T 22.151% .30.941% Fil 34.259% , H.
CK 5 A 3 b B 2% 5 3 55 (P<0.05) 5T, I T, AbFH2E 5 1
F(P<0.05) o i M FHoR I )58 , ZIBRZENT - SOD i P 5
BRSETH IR R Y a3 AR B SOD T ¥+ CK, H.
T, AERAFIR, Ky 6.744 U/g, LIERZEAEAIRIIERIFLEE R

F SOD JlR AR AR AN, A AL BRIA) G B 3 22 5 (P>0.05) 41
BRI A X LS SR B SEE B B A SRS TR S T, B
T, AEBRACFNT LG L CK A T 22.826%, T, AbBHF B AR
HLSR G HA 3 AR B A 05 5 (P<0.05) o B I B 2
(R, LT BRZENT i MDA 5 it S HLE AT AR A a4, HL CK (1
MDA &85 T, T, Fl T, Ab3f[E#42% 57 0 3 (P<0.05) , T, b3
5T, T, fb3a]2: 5 535 (P<0.05) .
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Table 6 Osmotic regulation substances in Zingiber zerumbet under different shading treatments

L T SOD it AT VDA it

Shading Soluble sugar Superoxide dismutase Relative conductivity Malondialdehyde
treatment mg/g U/g % nmol/mL

CK 134.174£4.925 a 5.460+0.957 a 9.200+0.050 a 105.135+6.852 a
T, 104.453+3.619 b 6.179+0.540 a 7.700+0.680 ab 62.793+9.574 b
T, 92.659+0.763 be 6.744+0.276 a 7.100£0.300 ¢ 45.495+3.950 ¢
T 88.207+3.592 ¢ 6.228+0.776 a 8.100+0.250 ab 45.225+0.775 ¢

PRI T 3 A JE 2 (P<0.03)

Note ; Different lowercase letters in the same column indicate significant differences between treatments( P<0.05)
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