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Abstract

In order to study the gender difference of physiological response of Broussonetia papyrifera
seedlings to drought stress, four water gradients, mild, moderate and severe drought and water
sufficiency (CK), were set up. After treatment of male and female seedlings 48 days respectively,
photosynthetic index, metabolic index, resistance index and injury index were measured to ana-
lyze the gender difference of drought on physiological metabolism and resistance system of B. pa-
pyrifera seedlings. The results showed that: 1) Mild and moderate drought increased Pn, Gs and Ci,
while severe drought inhibited Pn and potential Pn of male and female seedlings. Under four wa-
ter conditions, Pn, Gs, Tr and Ci of males were higher than females (P < 0.05), while Pn was lower
than females, so photosynthetic capacity of males was higher than females; 2) mild drought in-
creased SS, ST and Su contents of male and female seedlings, while medium drought increased NR
activity, but PA content increased with drought degree. The SS, ST, SU contents and NR activities of
males were higher than females (P < 0.05), and PA content was lower than females under 4 water
conditions, indicating that the respiration of females was higher than males under drought; 3) The
activities of SOD, POD and CAT of male and female seedlings were increased with drought degree
significantly. The activities of antioxidant enzymes of females were higher than males under 4 water
conditions (P < 0.05), so drought resistance input of females was higher than males; 4) with drought
degree increasing, MDA and SP contents of male and female seedlings were increased (P < 0.05).
Under 4 water conditions, MDA and SP contents of females were higher than males (P < 0.05),
which showed that the females were more vulnerable to drought than males. In conclusion, males
were sensitive to drought stress and physiological response faster than females, but females were
more input to resistant drought than males. The gender differences of drought resistance physio-
logical decreased with increasing drought intensity. It seems that the drought resistance of males
was stronger than females, but the potential photosynthetic rate and drought resistance potential
of females were higher than males. It was certain that mild drought was beneficial to the growth
and development of B. papyrifera seedlings.
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WERRE AR 32 PR oAl AEERARRPE  AE S AR RIS IR 1 SR RIS 1], AEREME AR AS L AR
A SR AR T T R I M) 2 SR [2] [3], 3 SO AN A T A 558 A 0y o J82 77 X R T A S S AN [ [4]
[5] [6], AEAMTERS . AR P WAl ) 3& 2 A M PR I 1k 22 72 [1] [3], ANTTRZ AN R 1
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PO ZH A 25 (B o0 A 4 Jy Je Pl A e 1k o 41 B AR 0] A 5 R AR A B iUt . s Me 55 TP B, b7 @k
FRREE B . HARAMEL. N AT HAIMIE 5 2 R[7] [8], X4ttt o, AKEE . EREAH
UM B e A A7 B 1= R R o RS T A B AR A1) B 1T 22 DRl I A A Ao ke A 355 P 3 1 T 25 2
PR AR N AR, B ST S PR A A AR B N M B 22 e T4l AR AR AE, 4T
XA B A PR R e S RV 22 e, RS PREEAE A YRR G, BT AR ) KRR G
K= IR RN . TF R MERES) P BTV 22 0t o, YRR TRRAFI A EEE L.

¥4 44 (Broussonetia papyrifera (L.) Vent.) 3£} (Moraceae) f4 1 J& (Broussonetia) i 4k 7 ki As 4, H 4
2. MH. BREFRME, 1EAGTR. KRR, ARG IGEIR R, R Y R
2o BT, RTMWEERME. B A2 A &2 AANE9] [10] [11], A PhiE R By w1
APTEEAT 7 REBFE[12] [13] [14]0 R 20 FHNE R o040 RE AR S bR ARr 1, A0 ERERR I #4036 [15]F0
A TRE[L6]HIME R 22 b AT T Ha, S ARAE . AR, AEBR. AR R AR s 2 o E R b

FEAE 2 HIARME S HEME R S bR AE B PR, AR A MR (0 o] SEVEAS, AR AR A AR 8 A 4 i R v
FEZE[17] [18], G € (A 2 RN [F) T4 5 1 R BRI 58 [19] [20], 0RF 7 2 B 43 P AR 10 4858 I T A5 2
&, ASERERNENE RS BERREE A 250 R SFEI K o A 78 DAFT S A BE-E L) T A kL,
WHE 4 NTEEAEARE 48 d J5, ENE A ER . PUEEREYE . AR JBE Y& &,
W 5E T XA 4y i AR BRARU P tE R sgm BV 22 5 o DA Rl & . AREEE I H e . JFR
FIH &A% R B O dr 7 IR IR A 5, MERE AR DU LB 0. BhEERRAE 20 A1 S i U VAR
ALK o

2. MRE 5%
2.1, R AT

T 2019 4E 3 H, fEFFEMEMERIR I, EHCK 3+0.2cm, ¥ 0.5+0.1cm, & 1 2. A4 &%) 1.5 cm.
# 0.65 + 0.01 g AR FILIERE, FAARFNZIE 10 20805, LAE 40 cm. 145 30 cm SIRIER A & %%,
DAVD 8 i B - 10001 BRI . BRARAT A [F R AT AE 5 Ak, BTG 12 2, ERIRER SR (M
YRS 60%. Yt 16 h/8d. 28°C)itATH 7% 40d J5, BE TIRE MM e2e LT T 5402,

TEEIR AR T, UL 1018 mL/E (HAIREKE)BE/K 48, 72, 144 h 1192 h J&5, 43 387K o (113
KB E AL TDR300) A A& /KB 62.15%. 48.33%. 32.62%7F1 21.89%, N/KD 7L . BET R,
TR, BETREAANKSERE. GHREENL 3 78 L4, 44, alitir T 5405 48 d.

22. MEMBESAZ®

22.1. K&
5 3, BEML 3 &L H LI1-6400 Je i, OGRS & 241300 Lux), fENEDL
VR(BOE SRS 1100 pmol/m?s) N IITE/E e &=, R RUELRAE 3 MUE .

2.2.2. KifHEHR

WS 3 0, BYRE. VBAJE, H CHMEHEEMARA T Ar= R, e arwrEESS). B
BE(SU). JER(ST), NEHER(PA) & EAITNARIE R BE(NR)IG 1 .
2.2.3. ikIgHR

FH A Ey 2L S AL B (POD)E 1, IS PUPEE (NBT) Y6 A 3 Ji i 0 S AL B AL il (SO D) i 1
S AMRENNS A S (CAT)TEHE[21].
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2.2.4. ZEEEIR
7% D 05 G-250 Geth kil nl i 14 8 H (SP) & &, AR L ZIR(TBA)EN A — % (MDA) & &[22] .

2.3. BEALE

1 SPSS20.0 %t , HEAT 5 22 43 HT(ANOVA)FI 2 i LU (SNK i), Duncan VEHEAT 2 & Mk 5.
3. ZB{RE S
3.1 FEIAEGEHFEWNERHNES

FEXIHERERR ) Pny Gs. Tr. Ci Al PPn 45 & 5W(P < 0.05) (% 1). BEF5 Pn. Gs. Tr. Ci
BIKTF CK (P <0.05), FET5 Tr Fl CiiAH KMEIMT Pn fl Gs X FRETF, EE TR Pn. Gs. Tr. Ci
BT HETR(P <0.05). . PETEX PPn LN, HETHT PPn NP <0.05). BETFEHT
Pn il Gs, 1% T-5HF Tr f1 Ci, EETET Pn PP A&,

ANIKAIBEETS, HERRKI Pny Gs. Tr. Ci KT HERK(P < 0.05). #. . EETET, KK Pn
F& CK [ 1.47 %, 1.37 {581 0.67 1%, MEFRAI Pn & CK ) 1.26 {%. 1.23 {5 M1 0.55 1%, HERRHIEESE
X FERLAE KT MERR . TURERRES) PP /N HERR(P < 0.05), 4 AKIIHEEET, HERKE PPn 535 HE Pk
ft 87.59%. 91.65%-. 90.34%7#1 90.67%.

Table 1. SNK test about photosynthetic parameters in different drought degree
F 1. FEIEHERFME SNK 116

T HHl JeEHEE Pn SILFEE Gs R Tr JfIA CO ¥ Ci TEEE A ZE PPn
Drought degree  Sex  (umolm™?s™?)  (mmolm?®s?)  (mmol-m?s™?) (umol/mol) Potential Pn (umol-m%s™?)
T, Q 6.08+0.57Bd  852+131bBd 10.28+175Bb  373.45% 14.67Bc 17.26 + 2.30Ab

Severe 3 767+064Ad 9.06+146bAd 11.52+3.22Ab  402.73 + 31.42Ac 15.65 + 1.37Bb

i Q 1354+1.41Bb 13.66+238Bb 11.84+281Ba  428.17 +23.43Ba 20.91 + 3.34Aa
Moderate 3 1556 + 0.91Ab  15.08+0.69 Ab  13.12+1.54Aa  461.90 + 16.28Aa 18.89 + 2.53Ba
o Q 1385+1.73Ba  14.17+0.76Ba  853+125Bc  384.45+24.07Bb 19.29 +3.31Aa
Mild 3 1671+258Aa 1532+138Aa  952+120Ac  427.73 +30.72Ab 17.68 + 2.24Ba

Q 1096 +1.93Bc  12.26+0.46Bc  3.84+0.82Bd  368.62 + 28.13Bc 19.90 + 3.31Aa

e 4  11.33+153Ac  1262+087Ac  3.92+057Ad  371.90 + 16.21Ac 17.43 + 1.87Ba

TTEMT FEEEYW, TEMMCESHEGEW AN Tr>Pn > Gs > Ci > PPn, Y5504 Pn > Ci > Gs >
PPn>Tr, T-RIEREDEESHZER KT HMECE 2). TS EH K/ T Pny Gs. Tr. Ci [MER=
S, BEG/NT PP TERIZER . TR SR AR S Pn FD Tr, 2520 Ci.

Table 2. Two-factor variance analysis about differences of photosynthetic parameters

® 2. RAEREFNNEFHESN

AR SRR HAEE Pn SILSE Gs FEIE T Tr fuiE) CO, ¥ Ci BB R
Source (umol'm2s™)  (mmolm?s?)  (mmolm?s™) (umol/mol) Potential Pn (umol-m%s™?)
Py F 14.322 6.126 22.273 5,251 4.876
Corrected model  p <0.001 <0.001 <0.001 0.002 0.033
T8 F 12.322 6.089 19.305 5.341 3.961
Drought P <0.001 <0.001 <0.001 0.001 0.042
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Continued
- F 4.952 4.493 4.369 4734 4593
Sex P 0.026 0.037 0.042 0.033 0.035
1 ] F 6.318 0.273 9.322 4722 2.394
Interaction P <0.001 0.791 <0.001 0.038 0.075

3.2. FEMRHIERRMHNERIESR

321 EOSE
T 54 I 2 S AR R R VA PERE(SS) s BERE(SU). TERN(ST) S &(P < 0.05) (% 3), HETF SS.

SU. ST &&EINiAm KM, TEEEHESSERTRETREM AT CK, T54#SS. SU. ST & &(LT
CK (P <0.05). 4 PM/KFBEEER, HERRM Fdh SS. SU. ST & &Sk T HERR(P <0.05), CK A%, . &
JET- 2N ifERE SS. SU. ST &r&E 4 Bl e Mk 1.06. 1.28 A1 1.35 f%, 1.04. 1.41 F1 1.53 f%, 1.09. 1.19
A11.52 i, 1.03. 1.03 M1 1.29 fif, MEREREWE /> & &2 b+ LM A KR, SU A ST & & 2 7 AE
BETRNRK, SS SEATE TR NRKA. HEMSIERVIGEE 4), TFREFMMRIE SS. SU. ST & &
I E#(P <0.01), W ST >SU >SS, W ST S &R 2 TFHM. T2 AT 5,
T 5 5 1A M 2 22 BAEH (P < 0.01).

Table 3. SNK test of the effect of drought on metabolism indexes
2 3. TR SHIEFRF A SNK 183

Drii?iiss %g?(l I Siﬁfsf?jlar Carf fﬁgg{ S{lt];f?h » Pyrvjfiﬁcg:ﬂd Nif?a%%ﬁéﬁase
(SSmg-g™) (SUmgg™) (ST mg-g™) (PAug-g™) (NRUg™)

i Q 146.51 + 2.41Bd 3.87 £0.76Bd 4.16 + 0.26Bd 118.70 £ 8.11Aa 17.27 £ 1.31Bc

Severe 3 150.53 * 6.36Ad 4.00 +0.57Ad 5.40 + 0.23Ad 113.86 + 11.26Ba 22.85 + 1.89Ac

e Q 181.75 + 4.72Bb 5.74 +0.67Bb 8.74 +0.39Bb 94.72 + 2.53Ab 2321 +1.46Ba

Moderate 3 197.66 + 3.93Ab 6.86 £ 0.09Ab 13.36 = 0.44Ab 91.36 £ 4.11Bb 32.11+0.54Aa

o Q 196.10 + 6.88Ba 5.79 + 0.58Ba 9.51+0.68Ba 90.22 + 4.12Ac 24.95 + 0.45Bb

Mild 3 204.76 + 13.48Aa 8.16 + 0.51Aa 14.62 + 0.42Aa 81.72 + 1.94Bc 28.73 + 1.41Ab

Q 156.10 + 6.88Bc 456 + 0.51Bc 8.24 + 0.98Bc 80.82 + 4.12Ad 24.65 + 0.45Bb

e 3 164.76 + 8.43Ac 5.84 + 0.58Ac 11.12 £ 0.45Ac 74.38 + 1.94Bd 27.88 £ 1.41Ab

322 ARSE

R o PA S (P < 0.05) (7 3), BT RN PA & EEIN(P < 0.05), EETR
BHAE RAE. 4 NKAFREET, itk PA SRR TR, CK R, . HETET, Mtk PA S EZH
PR 1.09. 1.10. 1.04 F11.04 fiF, PERIZE ST 2EEMET RN 2 TrRHEER 4), T5 5 R A
5] PA S EE %7 (P <0.01), TR2HMWPA SENEERTF, MKz, TRSHEHNX PA S &
HWEEAZHAEH (P <0.01).

3.2.3. MHERIERERIE M

T2 B MERERR T NR JEPE(P < 0.05) (35 3), BET2XT NR G E /N, hET2iEm
FJFREIL T NRETE(P <0.05). 4 MK R, MRk NR IEE/NFHERR(P < 0.05), CK flfg, . EETH
T, MERR NR VE MR EERRT 88.41%. 86.84%. 72.28%F1 75.58%. T Fflith Rz Rk, FE TR R
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FE NR 3G AMERRA) 1.39 £i%5. 77 Z TR B (R 4), T 5 A7 18] NR 362506 8 35 2 (P < 0.01) (%
4), TRESHHNZEMEHZEM NR EEMFEER T, FRKRZ. HHE=.

Table 4. Two-factor variance analysis about differences of metabolism indexes

F 4. RERERNNEFHES R

N A Hebh i PR RERIE S
Schrcem Soluble sugar Cane suger Starch Pyruvic acid Nitrate reductase

(sSmg-g™) (SUmg-g™) (ST mg-g™) (PA ug-g™) (NRUg™)
e F 43.71 58.52 147.87 47.03 45.02
Corrected model P <0.001 0.001 <0.001 <0.001 <0.001
T2 F 44.07 66.34 76.12 4554 44.18
Drought P <0.001 <0.001 <0.001 <0.001 <0.001
e F 18.97 20.15 44.64 28.93 24.64
Sex P <0.001 <0.001 <0.001 <0.001 <0.001
e F 18.26 7.98 26.98 14.37 51.64
Interaction P <0.001 0.006 <0.001 <0.001 <0.001

33 TEMNmEAUBEEEERAEIER

T B3 MR BTGB TE(P < 0.05) (3 5), B TS EEH4 N SOD. POD Al CAT i3
EER. BET R 3 FEEEET CK, . HET 5 3 FEgETE R ER P < 0.05). 4 MK,
MERR 3 PGS M3 = T HERR(P < 0.05), CK fIfE. H. HETFET, Mtk SOD. POD f1 CAT ifit:4 %l
FEMERRI) 159, 1.15 A1 1.11 fi%, 1.69. 1.30 A1 1.09 %, 1.39. 1.12 #11.19 f%, 1.13. 1.37 1 1.15 1%, B
TE VRV ZE S b T R R T AR

HENRY, SR, TREE. PE5IE SOD. POD fil CAT iG S H MR %% F(P < 0.01) (%
6), TR 3 P IS I A M S (P < 0.01), SEMAEFH A SOD > POD > CAT. T-H 200 3
PGS 1 1) 2 B R, PRI Z o T A ) AT 3 Pl s 4 A 35 R (P < 0.01), s2MJisif7 348 POD >
SOD > CAT.

Table 5. SNK test of the effect of drought on antioxidant enzymes activity and osmotic substances content

F 5. FENMENEEEMSEYRIEZ WA SNK 1218

T5 P51 EEAY) B AL SURER Y[ T A S W& MDA AR A
Drought Sex SOD (U-.gmin™)  POD (U-g™min™?)  CAT (U-.gtmin™) (umol-g™) SP (mg-gh)
T Q 40352+21.18Aa  363.21+8.82Aa 94.21+9.18Aa 58.82+8.32Aa  32.11+6.02Aa
Severe 3 356.29 + 9.58Ba 264.21 + 9.53Ba 82.32+12.22Ba  56.32+6.34Ba  28.73+452Ba
i ? 281.75£6.72Ab  24235+1042Ab 8236+ 9.66Ab 5439+584Ab  27.88 % 2.36Ab
Moderate a 202.63+13.61Bb  216.79 + 8.94Bb 69.36 + 7.85Bh 47.68+502Bb 2321 2.46Bb
K Q 14622 +12.11Ad  115.38 + 9.47Ad 59.38 + 457Ad 2024+312Ad  22.85+1.21Ad
Mild g 86.53 + 9.88Bd 88.63 + 7.28Bd 5462+387Bd  10.38+2.34Bd  17.27 + 1.08Bd
Q 15343 £9.22Ac  138.22+11.35Ac  68.32+5.82Ac 3212+2.22Ac  24.65+ 2.45Ac
e 3 96.54 + 9.68Bc 120.13 + 9.51Bc 61.34 % 7.24Bc 2468+1.04Bc  21.95+157Bc
DOI: 10.12677/br.2021.104069 555 RGN
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34. TEMNEZEMMRZTEXMNMRNER

T MEREH o MDA RSP & &4 B E 52 (P < 0.05) (72 5), BT 5% i MDA AT SP & &1 i1
(P<0.05). T 5 MDA I SP & &1k T CK, HETE MDA & &ILEET 21N T4 150%, HET
BRI T 4 10%. B, BEETE SP WANMEE 2] 20%. 4 K, MRk MDA Fil SP & B H T ifivk
(P <0.05), CK flfz. 1, HEETFEF, Mtk MDA Fl SP & &4 Jill 2 MK 1.30 1.04. 1.14 F1 1.04 fi%,
1.12. 1.32. 1.20 £1 1.12 £, MDA Al SP & & P 5] 2= F b T R FE A4k .

TESMRY], BALH., FEESEN . PESIE MDA F1 SP & B A E#E 2 R(P <0.01) (£ 6), F
AL MDA AT SP & B HE W EEHI(P < 0.01), T5xF MDA &8k F1E5], *F SP & &
ma /N TR T RFMERIXNT MDA &8 AR HAE, X SP EEAFERREE.

Table 6. Two-factor analysis of variance on antioxidant enzymes activity and osmotic substances content
6. MEANBEEFEEYREENNERSESH

A Source BRI UL MEACEES  HMEMDA  TWHELEL SP
- SOD (U-g min™) POD (U-g*min) CAT (U-g min™) (umol-g™) SP (mg-gh)
2 s F 62.122 56.524 13.285 44,562 14527
Corrected model ~ p <0.001 <0.001 <0.001 <0.001 <0.001
o F 54.581 42.384 9.424 33.284 9.171
Drought p <0.001 <0.001 <0.001 <0.001 <0.001
. F 28.963 24381 6.238 5.897 7.312
P 53]
Sex P <0.001 <0.001 <0.001 <0.001 <0.001
. F 10.121 12,502 4813 10.145 4128
Interaction P <0.001 <0.001 0.026 <0.001 0.059
4. WHig

RS R P T A TAL R M L R K3 CO, SRECER FRAIG,  MTISE M & 18 4 [23] [24] [25], ARG
NFRAERM R, CK R Gs M Tr ARMIMRE] T Pno A H M i N TR, s 1SR s AL R &
B, BRR T RKE, B E SRR, MO BRI TR, S AR SRR T R
TRT CK AR 5% S ALBREAROE & 4% B G P RO 52 [23] [26], At il ¢ p < LIRS Hh B 5
oK R GEEPEIR G, h TR Gs BE(K, Citn, {H Pn BEEK. WETRESBOCEORDM, H
SRR SORIEL Ak sk e [24] [27], MBI A S U B PG, 7 0 B+ 5™ E IR B AL REH)
EEWIEAT. TFREEZEPEMAEDCEERBE ), AR RAAE 5 A0k 5 85 EE R
K. KEUrB MG RS, AT R MR AR SR bR — BN R R, AT RO
EARPREK D FE R A Z R (1] [8]e AWFFURIL, 4 DKIFAT, KL MERE L Pn MK
HERR, TBLSE Pn /N FERR . (HEE B SROCIRAT N BDCIRAO AR, MERERR Pn AT PP 455 22 7 3R I H KA
REEMSER, I CRARBUK D I AR B AFAEVE N 22 57, B2 MERERR (K1 C I NI RE /T St A g
MR EFEAAEERNZES, F8Pn A PPn 2GR, R TRAIFT.

Ky BRE R GE T M EE AR T U AR, RN E sk, B ERERE
ARl SS RIE M NEAEH N E 2K, SEYFEAE MG %)% R [28], SU & SS £
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FA BRI FEIRR, ST FURBERMH T SRR SU [29]. BT SEMM4T Pn &K, SS
BB SU R ST & & K, RUDEA WA 25 5 B AEY, 5 HAh 53 0 7045 R ARL26] [30].
Wi, EHEEFR Pny SU ML ST FFEIfT SS WM, M0Jeii nt i 4ERFS I R AFI/E X SS 7 22,
IR R R P24 PA & SRl T FE0R B3 i 2 N . EIE T R RGOS IR ER, B
B FRERG T EAREGMR, 4 25% %G MEeE T A3, NR yEH HEEARREFE[32], # NR
TEMEREE N, 4 AN KR, MERE Pn il SS. SU. ST & NR IETEL B2 = T MERE, iR &
FfL e TRk, (2 PA KT MERK, ] WLEERR PR FE/N T MRk . ASCH SS. SU. ST #&Al
PA &8 & NR G LANR & B b, RAEW Kk 2 OB A B, A — B, HRHT
TR AR I T 5 1) A AR U A7 7 S 3 M 22

TR T B AT 22 45 B8 0% 6 T 5 e s SO [ 12] [13], @i SR 5 Hra A B iE e, PRACERY s
PEEE R IR I i g . IR FET- 50 TR SR AWK KE, SO ER 3 Fhis
PEEEE PSR T CK. SOD F: B Af 0% 444k H,0, A1 O,, POD Al CAT 4 H,0, 20N H,0, 3 Fifis Ik
(14728 AT RS M B SZ A AR AU 5 55 i 2 TR R MR [33] [34] [35]. ASCH, Bl
B REL B BAE R RS 3 PREEE I AN, MERRDUSEERE TR TR, 5 FARE FLU R
ARG TTRE )R T HERRI 25 R —2[2] [5]. AHT 5 B2 (A1 50 1] (1 40 S8 A0 g v 22 5359 SOD >
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