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Effect of Alternate Irrigation on Leaf Gas Exchange.

Soil Moisture and Yield Indexes of Lathyrus sativus
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Abstract: Changing the distribution of soil roots to absorb deep soil water may be an important strategy for
plants to avoid drought. Lathyrus sativus is a kind of legume crop with strong stress resistance. We ex-
plored the effects of different irrigation modes (Full irrigation, FI; Partial root drying, PRD; No irriga-
tion, NI) on soil moisture, root distribution, gas exchange, water use efficiency and yield of Lathyrus sa-
tivus at different periods after sowing. The results showed that: (1) 89. 8%, 86.9% and 84. 9% of the
roots of L. sativus grew in 0 —20 cm topsoil under FI, PRD and NI treatments, respectively. Drought
stress increased the proportion of roots in deep soil to 13. 05% and 15. 07 % under PRD and Ni treatments,
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which provided guarantee for roots to absorb deep soil water and avoid the influence of drought on L. sati-
vus. (2) During the whole growth period, soil drought significantly reduced the net photosynthesis, tran-
spiration and stomatal conductance; At 60 days after planting, PRD and NI treatment significantly im-
proved the instantaneous water use efficiency of leaves, which was 21.4% higher than that of the control
(FI treatment) and 14. 9% higher than that of NI treatment. (3) The drought reduced plant height, first
pod height, average pod number and seed number of L. sativus. Drought also led to a significant decrease
in aboveground biomass and root system, but a significant increase in root shoot ratio; PRD treatment had
no significant effect on pod length, pod weight and seed weight per pod. Drought reduced the average grain
yield loss of PRD and NI reached 53% and 63%. The study found that under drought stress conditions,
L. sativus could alleviate drought by increasing the proportion of roots in the deep soil, absorbing more
water in the deep soil, significantly increasing the ratio of root to shoot, and significantly improving the in-

stantaneous water use efficiency of leaves in the reproductive growth period. These results provide a refer-

ence for the cultivation of L. sativus in arid areas.

Key words: Lathyrus sativus ;partial root drying; soil moisture; gas exchange; yield
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Table 1 Irrigation date and amounts for grass pea
in the field experiment
RIS KB #E W K i+ Irrigation amounts/mm
Days alter fEGIEME WAH R
(};)(AP)/gd Full irrigation Partial root  No irrigation
(FD drying(PRD) (ND
R Pre-sowing 220 220 220
0 13.7 6.8 0
36 27.4 13.7 0
68 27.4 13.7 0
102 27.4 13.7 0
g Total 315.9 267.8 220

A B
1 |

1 ; ; 1

Y V V V¥

1 2 3 4

L4 A SRR 5 A LB K X B
1 () R i R A =X
1—4 are soil sampling points; A or B is the area of
selective furrow irrigation

Fig. 1 Field soil sampling points and irrigation mode

P LB AR AR 7E B B AR R R 10 em AR AR Dy BORE
R IR R IEREAR P AR R DVER R, BT
FEfAS T, EAE 3 K. R)E 105 C R E 30 min, If
F 75 CHETRERERMRERRTE,
1.2.4 FEMHEXIEER  FLEGREUE ARG
110 &) s NEEAS /N X H IR ER 20 BRAE 9 L 43 B 5801 4
AEREE — SN & E R E G ERH R
B W WS A i 40 0 MR AR AR 43 3k A 4 B 4R
P, T80 CH P R R T T & M
FEEAAEY R T E, RIS AR R S A
G310 5 AR AR L
1.3 HBEZEITHHT

B E ] SPSS #F 12,0 BB £ 07 223 7
FEIF 2R FH 52 4 Wl MILASE 20 6 8008 617 40 Fr . B34y
Hrif i Tukey #:0, P <C 0. 05,

2 ZER 55

2.1 BREFBLEMULUETAKIERIARDREL
Bk 4 B AT

EAFFEBAAI T, £ 0~100 cm W
KBS HAEAE2E 57 (B 2) . Horp, 7E 45
H . HB] 3R K TN 220 mm, FRIE 3 FijE 8% 40 B
FI.PRD I NI~ + 508 34 5) , HHEK 43R0 R
U5 A - HE B K BEAE 0~ 20 em AbHR . 7E 80~
100 cm Ab 2 A%, 4 38 7 /K & BE 2 %R (0~ 100
em) IS A B R R HFE 0~100 em R
T 3 A AT WM R (E 2, ), TEREFN S
36 d B, 3 Bl AL B R A K B R R R
L H 0~20 em W R 3K o & 8 2R T R,
55 W FF 463 4 b st - 358 49 75 K 4 [E . FTLPRD Al NI
AL FRAY 5 R T 58, 8% .43, 7% Fl 38. 8% 520 ~40
em VR EE Y T EOK o & i ORFE SR L {2 NT A3 +
oK oy O AE 3 M AL I B IR (18 2,B) . HEFN S 68
d B, PRD Al NI &b 2 1 + 58 5 K & 4 2B B AR F
A )2 F1 AR 76 0~20 cm ¥ I, PRD Ab
P EHOK M ERERERE R, £ K S RS NI &
PHIE] 22 5K W35 E 20~ 60 em + 2 % B, PRD
AbFRAY - HE K 4 & B T NI AR 10 #E 80 ~ 100
cm RS, PRD 4031 + 587K 73 & KT NI b2
(F 2.0, #FEFG 102 d W, i T2 10 3 &R
W5 30 RUAT VEWE . 48 oK 43 i B B H A
PRD 5 FI &b BEZ [H] K 73 & 2 26 ¢ A 3%, NI b 3
T 0~40 cm WREE M £ 5K & B HRAL, AR &LT
A )2 PRD F F1 4 (F 2,D) .,



6 31

BT L 45 SR MR L B T A S A e K 3 DA 7 R £ R

1079

2.2 BEBALBTLEEHAESEIHRS KK
9 F AR LA

Bl 3 R, fE 3 FEEAL T, LB Sk B i
FAHRP,) EBERT,) SILFEGHERN
[F) A= 4 B0 22 ) B e AN TR) 35 B A e SE T e
K IF X FEREFN S 60 d B3k 3 5 &, AT PRD 4b 34

T EEOL A E R A L FT AL T 23. 5%, NI &b
PRI % F1 AL FEREAR T 36. 9%, i PRD 42 T fiy
WUE k8 s, 5% FI A B E R E T 21, 4%, NI
AEBR R HE FT AR BRAR 25 7 14, 9% 5 76 HH 1A A= 75 Af 40
WLhE St P, T, .G, ¥R FI AL 46 244
i m TR PRD Al NI AL, PRD 4bH 44 2 5

22

A0 d)

7
Soil water content/%

—O—FI

—&—PRD

——NI

21 B@B6d)

2

22

C(68 d)

2

A\
A3

227

D(102 d)

17F

12

7.

2

2 1 1 1 1
20 40 60 80 100
+HEGEE Soil depth/cm

A\
a\s

20 40 60 80 100
+ R Soil depth/cm

A\
Y

20 40 60 80 100
+ R Soil depth/cm

FL. A& 5500 ; PRD. #4338 B s NL R, T W)

20 40 60 80 100
+ R Soil depth/cm

P2 3 P A 2U T 1l B A [R) A A I 3 AR (] % B A 4 b % K i A2 AL

FI. Full irrigation; PRD. Partial root drying; NI. No irrigation. The same as below

Fig. 2 The water content in soil from different depths at different growth stages of L.
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Fig. 3
of L.

The net photosynthetic rate, transpiration, stomatal conductance and instantaneous water use efficiency

sativus leaves at different growth stages under three irrigation modes
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Table 2 Comparison of root dry mass of L. sativus

in different soil depths under different irrigation modes

& T H Root dry mass/(g * dm ™)

R

Soil 5 . N - N .

oil depth s g e o
' FI PRD NI

0~20 0.4396+£0.0166a 0.389440.0156b 0.3784£0.0112b

20~40 0.030240.0016¢c  0.0362=0.0007b  0.04154-0. 0022a
40~60 0.0148=+0.0004b 0.016240.0004b 0.0193 4-0.0012a
60~80 0.0046=+0.0002b 0.006140.0002a  0.0064£0.0004a

0~80 0.489240.0189%a 0.447940.0169b  0.4456=+0.0150b

T 7 BN [ /NG 5 B 3R 7R AN [a) Ak B2 () 22 5 7E 0. 05 K H A 5
[Ea-9'4

Note: Different lowercase letters in the same column indicate that
the difference between different treatments is statistically significant at

the 0. 05 level

R3I FREBRLEBTLUEE~EHEXERHER

Table 3 Comparison of yield related indexes of L.

sativus under different irrigation treatments

P S Yield parameter

1L 45 W F1

#B 4 2K HEWE PRD AT NI

FER R i Seed yield/ (kg/ha)

HEK 5 E Plant height/cm
#— S FEE B The first pod height/cm
T 3K JE Pod length/cm

PARE T IR H Pod numbers per plant
FRRAFREL H Grain numbers per plant
HIEHE Pod weight/g

£ 3¢ F R E Grain weight per pod /g
BARR ML [T H Aboveground dry weight per plant/g
& T Root dry weight/g

ML 1L Root shoot ratio

1607. 80+406. 9a 757.104+152. 9b 601.704+241. 1c
65.6512. 28a 37.8041. 25b 35.30x1.07b
22.75+1.57a 15.10£0. 46b 14.90=£0. 46b

3.6940.08a 3.4840.04a 3.2240.09b
40.77x2.22a 19.30£0. 38b 15.00=20. 63b
76.2945.58a 38.2241.96b 30.00£2. 68c
0.554+0.02a 0.55+0. 04a 0.4940. 06a
0.4470.02a 0.46+0.03a 0.342£0.03b
5.3740. 74a 6.1340. 28b 4.532£0. 30b
0.9440. 06a 0.724+0.04b 0.7340.04b
0.061c 0.11b 0.16a
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