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Effects of drip irrigation under mulch on seed development
and seedling growth of maize in Hexi oasis
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Abstract; To explore the effect of drip irrigation under mulch on the growth of seedling maize grains and seed-
ling growth in Hexi Oasis Irrigation District, we set up 9 treatments including 8 water regulated deficit irrigation
treatments based on two-factor random combination of different growth periods and water regulated deficit gradients
and a full irrigation treatment (CK) as a control. The yield, water use efficiency, seed germination, physiological
activity and nutrients of each treatment were measured. The results showed that: compared with CK, except for T1
and T3, the regulated deficit irrigation at different growth periods reduced the yield of seed-producing maize by
3.07% ~26.84%. Among the regulated deficit treatments, T1 treatment had the highest water use efficiency (1.61
kg + m™), followed by T3 (1.59 kg - m™), which were increased respectively by 6.62% and 1.32% compared
with CK. The germination index and vigor index of grains of T8 treatment were decreased by 30.39%, 30.07% com-
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pared with CK, and the vigor index of the other moderately water-deficient maize grains was not significantly differ-
ent from that of CK. The content of malondialdehyde was not significantly different except T1 and CK, which were
at a lower level. For other treatments, the content of MDA all increased, which was 13.04% ~ 134.78% higher than
that of CK. The soluble protein content of T3 (40.64 mg - g™') and T5 (40.35 mg + g”') treatments was not signif-
icantly different than that of CK, and the remaining water deficit treatments were significantly reduced, with a de-
crease of 6.90% ~16.60%. The antioxidant enzyme activity and nutrient content of T1 treatment were relatively opti-
mal, and SOD, CAT, soluble sugar, vitamin C, and root vitality increased individually by 3.77%, 0.10% and
19.67%, 3.89% , 8.56% compared with CK. The results of irrigation system evaluation using principal component
analysis and membership function demonstrated that the optimal water deficit adjustment treatment for seed produc-
tion was mild. Keeping the relative soil moisture content at 70% ~75% in the seedling stage and 85% ~90% in the
rest of the growth period is recommended as the best irrigation mode for seed production in the Hexi Oasis Irrigation
District.

Keywords; water deficit regulation ; seeds-production maize ; seed development; production; seedling growth;

water use efficiency; antioxidant enzyme activity
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Table 1 Experimental design
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Treatment = %ﬂ &ij‘;ﬁ uj—f%”ﬂ ! sz%ﬂ . Irrigation pattern
Seedling Jointing Silking Pustulation period
T1 70~75 85~90 85~90 85~90 . H%EEF/J( .
Mild water deficit in seedling stage
T2 60~ 65 85~90 85~90 85~90 HE@EFEF/J( .
Moderate water deficit in seedling stage
= i
T3 85~90 70~75 85~90 85~90 . ﬂiwﬁﬂ%g .J.7k.
Mild water deficit in jointing stage
= i
T4 85~90 60~ 65 85~90 85~90 ﬂiwﬁﬂ"f"g,ﬂk .
Moderate water deficit in jointing stage
224 s
TS 85~90 85~90 70~75 85~90 . i;ﬁﬂ%}; '77k
Mild water deficit in silking stage
224 s
T6 85~90 85~90 60~ 65 85~90 i#H\ﬂEPEb 7J.( .
Moderate water deficit in silking stage
St N
T7 85~90 85~90 85~90 70~75 . (élﬁw]%ﬁ; '77k. .
Mild water deficit in grouting period
S8 -
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I
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Table 2 Yield and water use in whole growth period of seed maize under different regulated deficit irrigation

A ok o BJARE KRG MK
R R K& i s — o /(J6+m™?) MR FHBE
Qb B o . Water L /(JG + hm™?) S
Treatment Rainfall Lrrigation consumption Grain yield Output value Output value of one Wzili:'r use Irrlgatlf)"n'water
/(m® - hm™?) /(m® - hm™?) /(m® - hm?) /(kg + hm™?) (Y b2 cubic meter of water  efficiency  use efficiency
m m (Yuan « hm™) /(Yuan + m™>) /(kg-m™) /(kg-m™)
T1 910a 3500 4410b 7095ab 26773ab 9.10a 1.61a 2.14a
T2 910a 3430 4340bc 6630¢ 25027cd 8.78ab 1.53be 2.01b
T3 910a 3360 4270bc 6795ab 25713be 9.03a 1.59ab 2.08a
T4 910a 3250 4160bc 5963de 22480e 8.1cd 1.43cd 1.88de
TS5 910a 3410 4320bc 6570c 24743cd 8.59h 1.52be 1.95be
T6 910a 3170 4080bc 5745e 21668ef 7.96d 1.41d 1.86de
T7 910a 3240 4150cd 6189d 23335de 8.39bc 1.49bcd 1.92cd
T8 910a 2920 3830d 5355f 20212 7.95d 1.40d 1.84e
CK 910a 3940 4850a 7320a 27612ab 8.50bc 1.51bc 1.95bc

T [RIAS R FRER R AE P<0.05 K- F 22 5% 3, I,

Note: Different letters in the same column represent significant difference at P<0.05, the same below.
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T4 . T6 T7 F1 T8 A4S CK MR &R 1E 11 & F I, H
o T8 Ab AR, B CK F#AIX 35.31% (P<0.05) ,
24 ARESERTHMERDEHEEFE
L 1 AT D AN [ A 30 00 BT T i 5 KR R
KA A B AR W, A T A R
|EK L MDA B &3, Horp CK & & AR
(0.023 pmol - g') , H¥K M T1,T3, 3% 0.025.0.026
pmol « g™', 5 CK 435Il $& % 8.7% ,13.04% , T8 4b ¥
TR L MDA % i 8, i85 0.054 pmol « ¢7', 5
CK 253, ANRAF B 5 #EXT CAT SOD
FRATAER N 78 T1 AR CAT . SOD & e,
5 CK A, 4913 5 0.10% 3.77% , LB 2% 5,
T6 5 T8 M AF| T4 CAT . SOD & AYFL R Hr
T8 f b &, Ik i To Ak ¥, 4 Jl % CK F& ik
21.44% (15.82%#11 17.19% 9.51% ,
25 ARBASERTHHERSIHERYREE
A AT WK 238 5 % Fl 5k 4 18 3R
FESEMR AN (3% 5) , Hord T1 ARS8 AT P 5 ik
B, ik 2.19% , 8¢ CK $#5 19.67% (P<0.05) , T2 T3

R3 AEETEBEX IR E R TR EEZ R0
Table 3  Effects of different regulated deficit

irrigation on seed germination of maize

Treatment  COTIIAION G ination  CCTRAtion Vigor

energy index index
T1 88a3 95ax3  25.11ax0.58  17.28a20.19
T2 7505 88abex3  2205b:0.50  10.94c0.53
T3 78be3 88abe+8  2241b:022  12.97b20.80
T4 Tex7  83bedtd  21.08bex0.63  11.10¢x0.06
TS 6545 8bex5  19.78cdx091  12.54bez0.10
Té 633 80cd+3  1854dex046 11.39he039
7 63dx5  3beds3  1863dex0.55 10.89x0.56
T8 583 7505 171362065  8.51dx0.54
K 83ab+3 abx3  2461a2039  12.17hez0.62

R4 ARENETEBX 6 ERFFRL B & KB RIT

Table 4  Effects of different regulated deficit irrigation on seedling growth of seed production maize

Qb A/ mm ZEK/mm /g THE/g WRIEN/(mg - g' - h™")
Treatment Length of roots Length of shoots Fresh weight Dry weight Root activity

Tl 50.60a+1.82 18.06a+0.18 0.51a+0.01 0.14a+0.01 552.65a+25.56
T2 45.58ab+1.87 15.42b+0.29 0.44bc+0.01 0.12bc+0.01 468.54bc+27.27
T3 46.18a+2.32 16.00b+0.34 0.46b+0.02 0.12b+0.01 471.67bc+20.63
T4 40.49bc+1.82 14.18¢+0.3 0.40de+0.01 0.11¢d+0.01 417.44¢d+18.46
TS 39.13¢d+0.99 13.46¢+0.4 0.41¢d+0.01 0.11¢d+0.01 456.7bc+10.57
T6 37.19¢d+0.52 11.95de+0.52 0.39de+0.01 0.10de+0.01 357.79de+7.08
T7 38.47¢d+0.98 12.32d+0.35 0.40de+0.01 0.10de+0.01 366.35e+23.84
T8 34.70dx1.67 10.99e+0.41 0.37e+0.01 0.09¢+0.01 329.32e+15.05
CK 46.72a+2.59 17.62a+0.39 0.50a+0.01 0.13a+0.01 509.07ab+9.04
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Effects of different regulated deficit irrigation on MDA content and antioxidant

enzyme activities of seed production maize seedlings

2.6 AEVESHEET M ERFHE TN #S5 ARATERHHER
2.6.1 XA eARR LA XA E KA 9 HEEFRN R
A BT FE b1 E AT A 26 TE A0 BT ( % 6), KIVI 5 Table 5 Effects of different regulated deficit irrigation
SOD RA S H 5 2 1F G A1 36 Z 048 314 0.885 on seed production maize seedling nutrients
F10.818(P<0.01), MDA 5 CAT MDA il GI fi i e ve
e N N N N Treatmen o B me + ke !
S AE R B3 -0.958.,-0.945, Y 5 VI A g ) gy mETRED
T N E S N2 3 T1 21.9a+0.02 38.75bc+0.63 6.95a+0.11
B EIEAE, Gl '?EJ'SP mfiﬁiiﬁﬁﬁg . ,ﬁt" (V) 16.9bc0.08  37.61¢0.95 6.20bc:£0.14
TR L — A B TL A5 bR oA i o 5 K T3 182b+0.11  40.64a20.47 6.60ab=0.18
TG JIARHER , DX 255 50T . T4 14.7¢+0.04 38.35hc+0.88 5.91¢d£0.11
262 FE AT AR o b /‘\1¥ {/\ *H?é‘ ﬁ}*ﬁ%‘% TS 12.3d+0.04 40.35ab+0.58 6.24bc+0.15
v n T6 11.3d+0.05 36.22¢d+0.60 5.73de+0.13
Eya %%Ei:j‘lﬁjﬁrgniﬂq{n‘“‘i% .‘[ﬂj/ IJX—J- 9 /\ T7 12.0d+0.11 37.17¢+0.77 6.10cd+0.10
TI_MLIEE’J 9 /\a“é.ﬁ ) Iﬁiﬁké}ﬁﬁﬁ( #7),003 T8 10.9d+0.13 34.71d+0.30 5.42¢£0.19
RO BiEtREEHEXES R
Table 6 Correlation analysis among various indicators
jfji Y Gl VI SOD CAT MDA SS SP RA
Y 1.000
GI 0.904* * 1.000
VI 0.715* 0.754* 1.000
SOD 0.942" " 0.936" " 0.885" " 1.000
CAT 0.967" " 0.967" " 0.785" 0.974* 1.000
MDA -0.944" " -0.945" " -0.710" -0.945"* -0.952" " 1.000
SS 0.831* " 0.962** 0.778 " 0.901 " * 0.904 " * -0.894" " 1.000
Sp 0.852" " 0.721" 0.522 0.789 " 0.849" " -0.797" 0.587 1.000
RA 0.934" " 0.954" * 0.818" " 0.954" * 0.970" * -0.904" * 0.917" " 0.768 " 1.000
TE:# = JPRIFIR S B E (P<0.01 P<0.05) . Y-7=5 , GI- K84, VI-IG J1 364, SOD— 1 S AL ¥ B LB , CAT -3 S fL EU A , MDA~

TN, SP-nI PR AR 1 & im, SS— ] VR PR & 1, RA-T5 148 8.

Note: * #* , * indicate significant differences ( P<0.01,P<0.05),

respectively.

Y -yield,, GI-germination index, VI-vitality index ,SOD—-superoxide

dismutase , CAT—catalase , MDA -malondialdehyde , SP—soluble protein content,SS—soluble sugar content, RA—activity index.
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Table 7 Comprehensive index coefficient and contribution

rate for maize seed production

RS G AN (D) BB A gy BPL BAR2 b
e L oy - rincipa rincipa rincip
(D) {Elﬁﬁj‘%%ﬁlzr?ﬂ%% 8, /H\: ':F‘ Tl _é-'ﬂ_/ﬂ;q %gﬁ =) Variable component 1 component 2 component 3
AbBE D AE R e, W22 3 5 B AL B BT A5 1 Y 0.122 -0.306 0.002
]ﬁﬁ%gﬁ Gl 0.123 0.122 -0.651
o
VI 0.104 0.725 1.209
3 iﬂﬂ _i//t\‘ SOD 0.125 0.109 0.358
CAT 0.126 -0.126 -0.031
AR KR B L T A 0 o154 0.4
VIl —p i opL N SS 0.117 0.439 -0.797
FIRWEY M SR AMEAE TR AR AR OB 3S  E op 0.103 o017 0.607
T B R R 5 I, B AL WAE Y I & T 7 B RA 0.123 0.087 -0.021
5&1}3‘;‘\‘0 }Efgﬁ%"lg-‘ 6ﬁ%ﬁimﬁ%?%?%ﬁLjiﬁ§ CHF'/[[E{E 791 0579 0311
. . Eigenvalues ’ ’ ’
KA (M TREE, B 7 ek ok e
R 5%, = BOTEE BT ke I 2 e N K Contribution  87.89 6.432 3.456
o o ate/ %
TR A R SRR
o Y . N Y — > AL
5‘&%0 XE AR G50 A T 22 5 , X AT RES 5 KB Cumulative 87.89 94.322 97.778
FE e BR SRR R A, ARG o
B, NIRRT B I3 5 2 o SRR R R R,
%3 ARASERHAERFHRERREETH
Table 8 Comprehensive evaluation of the membership functions of
maize grains in seed production with different regulated deficit irrigation
pag: D fH HEF
Treatment i k2 k3 Uxn u(x2) U(x3) D value Sort
T1 1.44631 2.07424 0.49591 1 1 0.590750413 0.98553492 1
T2 0.18072 0.09698 -1.52295 0.590901891 0.42691106 0 0.559228652 4
T3 0.71486 -0.50569 -0.00901 0.763561018 0.252233217 0.443002824 0.718594772 3
T4 -0.27518 -0.07547 -0.30862 0.443533606 0.37692816 0.355332192 0.436034677 6
T5 0.00701 -1.01714 1.8945 0.534750663 0.103994574 1 0.522859221 5
T6 —-0.89954 0.52267 0.55416 0.24171114 0.550293028 0.607795286 0.274949553 8
T7 -0.67285 -0.16514 0.46201 0.314987991 0.350938212 0.580830736 0.326749168 7
T8 —1.6473 0.44549 -0.74112 0 0.527923181 0.228775842 0.042813836 9
CK 1.14596 -1.37594 —-0.82488 0.902912778 0 0.204266339 0.818823749 2
&
Weights 0.899 0.066 0.035

TE:F1F2 F3 328 A0 1,23 LR FEARME, U(X1) \U(X2) \U(X3) 20 53R M 1.2.3 BsRfm sk A e
Note: F1, F2, and F3 represent the comprehensive index values of principal components 1, 2, and 3, respectively. U(X1), U(X2), and U(X3)

represent the membership function values of principal components 1, 2, and 3, respectively.

W 3.07% ~ 26.84% , i T1 5 T3 # CK B
3.07%M 7.17% , i 7K 43 FI] FH R 5 3 B 7K R FH A%
KR 6.62%.5.3% 5 9.74% . 6.67% (P <
0.05) . X FIABSE HHT2E 0 1 S, 25k R
H, FOR FEAATE SR A Bk 22 B 5 R
FORMEFRAERKIEA R A58 K W B, Ko 5 it
HERNE IS5 B I RE R, 2K HE
DAAME: , e 5 i 72 i 5 K 0 IR B 5 5 A v
BRI A R — 2

VR I T 30 85 A 23 3 ™ B A 38 3, T
25 A R (PR RO ) A M TR R R 3
AR A, R S X R K
HEATAN [RIE W 2 BT 90 % B, B K Foh - [m] — it I 15
DUN A2 R R 2000 B % T 1 BB KR A e
BSEHE I vl D ) R B 3 24 A K B AT LA O
I35 3 BRAE R AE R B ST AR R IR 8 A1
N /NAERR 3 3 5 T R R T A AR A TR
a5, AWFTER I, T1 AL PR 255 28 R MU 2
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SR M EE CK HK 6.02% .5.55% F1 2.03% (P>
0.05) , TG 1136 #de CK K 41.99% (P<0.05) ,
FE IR0 1 & 00 1 A AR = D0 Bl 7 S R 25
brz— B H NN SR PR B,
AHFFE R B, AR 5 kb B FRL B K A K5 i 4%
St = T 8 CK AR KR 8.30%, T2.T3 Ab#ilS
CK JoH i 225 , HAT AL BRIS A Fir T I, B 1R 13.33%
~25.73% ,[RIBF T1 AR F ZEK 5 T B i 43k 31 i
LB CK HE 1R 4.4% 0 7.69% , JE K AT 8 4 A 7 R I
HEFT K 435 i VR A W kA3 B AR S R T AR AR A=
KPR RAR RIMOKBE ST, G T S haa Y RS
FOFPRL AR A HE Ak 3 B v n] R [RIARE DR 516 o A 4 A=
1 Bl SR IR IR e

VEYI AL T35 58 Whac st 4R P ) Pl SRR
PEREIR SR P S R RS AR R
5 75 e MBS i e 4R A A FH i 555 R I 5 37 i 3R
FERE BTN F8 05 20 AW 32 300 5% 105 3 A R 1 mT A
MDA &k Fom P AR LR B, AF AT
WK A3 5 3k SR A 4% b R KRR 4l i oA A
(255, Bt A2 B 0 B HE a0k D BoK 43 5 Bl 256
FORGH H MDA & i ¥ 2 0 2 BT A
AR K 4377 8 T1, T3 43 MDA % #4¢ CK
{4 8.70% 13.04% , #FE ALY E LR (SOD) il
1A SR (CAT) RO R R N R 587 1Y
ETAS B JE TR R RS 1 R ERST, 7T
DI SEAR B R RO ORI IR ZE A | 2 A ) 8 %
WA fE FE AL — A0 & I, i Fh oK
IR 5 K T1 A UR AR R S 1 SOD 55 CAT
Erg B CK A3 0.10% 1 3.77% , Fok haR 1
WIERRE 77K (T3) , 3¢ CK AN FEAIK 4.96% 1 1.18% , 3
TC 52k 22 5 1 RR R oK AR B W R B B
HAEFRIATE 7 8341 SOD 5 CAT && T
W, T RENRIE 9.08% ~21.44% 1 5.03% ~ 15.82% , H

H1 T8 A4bHE SOD 5 CAT 75 2343k B 5 A%, B R 43 %)
h 21.44%F01 15.82%, W RESR P AEY A B 5 %
SN A e 1 G K AR F R, L K sy
R VR AR PN T I S £ s R R o R
T 44 e B 2 0 DA T el e S AR PR AT

AT PR RE SR 125 T 5, 2 A A A HL
Vs TR B AR G 2 14 SR TR, 8 T A 4 A P AL B P
Ve JBE e NS (R B B A V) R A P T s P 2

FIREKGR EE A, 1T LLZE 28 Fh 74k, b Al P HIK T 306
Pt 32 00 Y 5 AN BE s, DT B 5 R 4 G T
PEPS IR 2 W BT W aa AT LA
TR AR P AT R S AT R R R R,

3[29]
S N

ARG R BB T MR S R S AR C &
IR B, 3 CK #45 19.67% .3.89%, ThiAb#E
T3 5 CK L %2 5 HoAR i 5 Ab B34 S BOnT i Pk
WS4 A2 C & & TR, BEIR 7.65% ~ 40.44%
7.32%~18.98% . ALFH CK IR & B, ik
41.62 mg - ¢ ', B T AL N FTIAE R O A
0 TR IR 7.88% ~ 16.60% , Hrh T8 4b B [
R K, 35 16.60%, T3, T5 kb 3% CK 43 91 T K
2.35% .3.05% (P>0.05) 1 T1 Ab¥4s CK & N %
6.90% ( P<0.05) , JE R AT gk, T1 MR RN S dme i, B
1R AR ZR 06 ) AT AZEAR S 2 i 2R K R e, A 2
B~ 25 1 K i 7 W e A SR 40 AR T 1
b REVR I, 20 7 BOPT  P  RAAR T
HAR 7 A B4 R R0 T CK, B
7.96% ~35.31% , H:+1 T6 | T8 Ab BRI H K, 75
29.72% 35.31%.
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Kt 5K R HRCE.,
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W& ZEPEES 16 18805 CK TR,

3) K3 Tl G S R ROR A T TS R A
L SR R g, TN R e, Had R A
fitg 568 SR AL B AL Tl R BRAEG, H R B I R
A ARG o A

4) RIR) A= B WK 538 5 249 0T AR ok 4t nT
VYRR A A PR P B R T BRI 3k 34,71
mg - g, MRSk 22 R K8 5 e B 5
Wi T B S 2 3 K U 5 X T A
HerE R C 5 AN 18 CK MmN 2 i A4k
PHIA A AR, BE0E A 7.65% ~ 40.44% . 7.32% ~
18.98% 7.77% ~35.31%.,

AR R R APIR B PR & A K
A HE S E IR SR AR, 38 3 U B i R
S RBGE AT A TR, SR TSR A HET,
FEUAH b 5 K AR AK 438 5 A B A 0942 B K 43
Va5, BIAE B 35 K R AR 70% ~75% , oo
A= B AR 3 KRR 85% ~ 90% , T FE AR 1Y
IFi) st 12 7K 43 ) 85088, AR AR 55 0 ) KR T 12,
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