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Use Efficiency of Water and Nitrogen of Soybean with Water Stress by Stable
Carbon Isotope Discrimination
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(1. College of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. Key Laboratory of Effective Utili-
zation of Agricultural Water Resources, Ministry of Agriculture, Harbin 150030, China)

Abstract: Carbon isotope discrimination (A" C) could comprehensively reflect the ratio of intercellular CO, concentration
(C,) to CO, concentration (C,) during a period. C,/C, reflects the relative amount of photosynthetic rate (P,) and stomatal
conductance (G,) corresponding to CO, demand and supply. When any of P, and G, changes, C,/C, will obviously change
and ultimately affect water use efficiency( WUE). Therefore, it is possible to infer crop WUE by measuring crop A®C. A”C
can also be used to deduce instantaneous water use efficiency (WUE,) and intrinsic water use efficiency (WUE, ) at leaf lev-
el. And it is considered as a reliable method for long-term estimation of crop water use efficiency. In addition, leaf nutrient
use efficiency (NUE) is the basis of crop growth and high yield, and can be used as a main indicator to reflect crop nutrient
absorption characteristics. The ratio of soluble sugar content and nitrogen content (C/N) is selected as a crop NUE index in
this experiment to reflect the C acquisition and assimilation rate, N distribution and utilization ratio of plant. At present, the
research on indicator relationship between crop leaf tissue A”C and crop WUE and NUE mainly focuse on maize, tomato, and
rice under water stress, while there are few studies on soybean with water stress at different growth stages. This study combines
theoretical analysis with field experiments to analyze the relationship between soybean leaf A”C and WUE and NUE at seed-
ling and flowering stage of soybean with water stress, respectively, to reveal the regulation of carbon and nitrogen metabolism
in soybean leaves during different growth periods, which can provide theoretical basis for the efficient use of water and nutrient
of crop at leaf level. The experiment was conducted at the experimental station of Northeast Agricultural University in Harbin,
Heilongjiang province in 2017. The leaf A" C, photosynthetic rate (P, ), transpiration rate (T,) , stomatal conductance (G, )
and the yield were measured, and the values of WUE,, WUE, and WUE, were calculated. Results showed that WUE could
be improved with moderate water stress during different growth periods of soybean, and WUE and yield were both the highest
during flowering period with mild water stress. At different stages with water stress, A”C in soybean leaves was negatively cor-
related with WUE,, WUE, and NUE, and the indicative effect of A" C on WUE, was superior to WUE,. The correlation be-
tween leaf A®C and WUE,;, WUE, and NUE at flowering stage was more significant than that at seedling stage with the same
water stress. Therefore, the leaf A" C at maturily stage of soybean with water stress can be used as an indicator of WUE and
NUE of soybean leaves to provide a theoretical basis for improving water use efficiency of soybean by water control.

Keywords: Soybean; Period of stress; Leaf water use efficiency (WUE) ; Leaf nitrogen use efficiency( NUE) ; Arbon isotope

discrimination( A C)
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Ik 3.2°C, 24 F- ¥R K & R 550 mm, FE) A K
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FEAR AT 8 (S) 3 IR, HHEAHXT KR ( H ]
FRACRI & 80 i _E TR 518 70% ~75%
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Table | Experimental design scheme (%)

AR BBy 7K 3 Ab 3 1R R

e b High and low limits of water treatment at different growth stages
NO. Treatment i Gl TFAE] ZE2 R AN
Seeding Branching Flowering Podding Maturating
CK SAEFMF K 80 ~85 80 ~85 80 ~85 80 ~ 85 80 ~85
ViL R EE I 3E 70 ~75 80 ~85 80 ~ 85 80 ~85 80 ~85
V;M B P R 60 ~65 80 ~85 80 ~85 80 ~85 80 ~85
ViS T A 50 ~55 80 ~85 80 ~85 80 ~85 80 ~85
R, L FEAEI i R T 3e 80 ~85 80 ~85 70 ~75 80 ~85 80 ~85
R,M FEAEH b BE A 80 ~85 80 ~85 60 ~65 80 ~85 80 ~85
R,S FEAEI R a8 80 ~85 80 ~85 50 ~55 80 ~85 80 ~ 85

F K BT Ry L R AR K R KA 3 L.

The high and low limits in the table is the ratio of volumetric moisture content to field capacity in soil.

1.3 WMEmMBSFA*
1.3.1 HEF2L55EMREE  FHREEIK
MG AT = 0 R TR T AR AR
B SRR ORI A R KRS AR AR B TR D
120°C %7 30 min, 80°C 4t = 6 5, i b A% T 114507
A
1.3.2 k& &k AMgf AILFHE TR
Pl A LI-6400XT B #E XL A1%, A4 LED 21
WEETR I e RANE W A e i R e A
HAR(P,) ZEBHA(T,) MRALRE(G) FNES
B, M TR A 4 it ot A S80I E 3
UG BOF A . i 7K o3 R AR R 3 R v e R e
KA FIHRCRE (WUE,) i | 78 7K 3 B R0
(WUE, ) Pifh
WUE, FIM R 2 15 T AE A4 2K BT [ Ak i — S Ak ik
RN, A AR
WUE, =P, /T, (1)
WUE, FHI R 2% 05 1 #E 19 7K B[R] 1k i 7K = 5%
L REAR R
WUE, =P,/G, (2)
1.3.3 #AKFBRASFREG L AWK
MR (WUE) iR AR
WUE = Y/ET (3)
Hrp: Y— KRG &, kg hm ™" ET—FE K
i, mm,
1.3.4 »FHA AL ZTHMNETERER ARG T
F OEREAKEEW R (V) JHE
BI(R,) H5EHI(R,) AR (Re) 43 5l HRUKE
I 0 R ] R A R AR N R A . M R
SRR AT, BAR PRI 0. 2 g5 A 20 mL 48, finZg

TR OT PSRRIt 11, 72 Wl /K 8 rh e Bt e ml i
PRI, V2 205 EAT I B E 45 . R e AR,
Fi FEURT VP A 1 W 0 s A v ) R S ke v v Y
ERS VIR, SR FH 20 B JEURRT H 03 00 52 W A
it M S A3 O BT (UV-1700, B AL AR A
BRZSE]) I E 630 nm A2b W] 975 MM 1 W' 1 01153
HAg R Bt R 525817085 ,120°C R A&7 30 min,
BOCHL 2 H F, U+ M2k hr, & H,S0,-H,0, i &
J& S A B B A A AE P R AA3 B (Auto ana-
Iytical 3) SN M HTALIE N R &7, ARFH]
R NUE(% ) = W R al b & &/ R 28 0S i
x 100,

1.3.5 #REFoHE TR B, X%
Qb PP AR R T I AT BORE R SR B Y R S
KR 75 e e BT, BT AR P AR 120°C %
T 30 min J5 , FREE I 80°C b 24, AL 5 58
TR EHERE OB R S R, &3 80 H i
J5 BB RE o FRE AL R D, AR AR Ak
b I Rl B K B 5 v %R P AT SR 0 = AT
R A (A7 22 A 0 7, S BT o7 3% Jo i
{Y ( DELTA V Advantage, Thermo Fisher Scientific,
USA) FITCE 70 % ( Flash 2000 HT) & Ay 75 2o
f[F) v 2R He Ak T E PR V-PDB bR, T3 o (%0)
FerR o MU Farquhar 45 20 SRR S 1 Y

513 C:
13 C 13 C
(2c),... " (7c
13 C

ﬁEFI : ( . C/lz C) Sample iﬁ] ( . C/lz C) Standard %%IJ ﬂ‘j

313C(%0> — )Smndard > 1000 (4)
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(1 +5pzam,)
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1.4 HEHH
K SPSS 19. 0 Xt B [A) (57 % He &5 1 F 7k
SRR BR R RS T A O 40 A, R H
Origin 9. 0 ZR{HAEK]

2 HBREHSH

2.1 AREEHASBHENAEFTEREMBE
E:op-A]

M2 ATLLE ), AN AR B B3R 7K 43 i aa
SRR E RN W a LT AR 8 X
AR EE R, HARR I N . VL R, L A7 Lk CK 43 5]
TF21.86% F111.40% ; V.M .R,M # [t CK 25 F

x 1000 (5)

[ 22.61% #116.23% ; V,S . R,S A I CK 4351 T B¢
27.36% F122. 68% o M\ EEAE BLEEZR 434, AN TR )
WK 3 e A e o 7K b 34 ( CKO) A1 e ik b i
BEW (P <0.05) , R ECRAKRRI N R, L,
V,L #H [t CK 43 % F F% 16.21% #1 7.90% ; R,M .
V,M fH . CK 4351 F R 20. 56% F115. 1% ;R,S . V,S
AL CK 43 511 F [ 22.03% Fi1 21.58% , A [ b 33
AR FRIAAS, V,L. VM Fl V.S 5 CK #7453
S [ 15.19% . 8.87% F1 7.41, R,L . R,M HI R,S
5 CK AH A 42 55 5. 68% 5. 46% #10.92% , =
WIECAAE WA 7K S5 Jih 38 XA ) 7 o S b e 3R
Hy s AN ], 5 I E A L, AR K 43 ik aa 3
U ST BN AT R TEP 3 /253 NI s A = oo v B a8
FEACIIAE B B 7K 49 ik 36 EU B 301K 0 W3 o R T
K7 EVT AR AT 7K 43 Jiih 38 %5 K 527 i B TE 1
A SR IR DR E R S DA Y 1 4
KAr s

K2 ARKGEHTHREFEREMBESR

Table 2 Soybean yield and its component factors with different moisture contents

AR TRE

b3 M RS BBR SR ‘ FPhrr=

Number of seeds 100-seeds
Treatment Plant height/cm Node number Pod number per plant Seed yield/ (kg+hm=?)
per plant weight/g

CK 81.17 £2.03 a 16.57 £0.61 a 36.35+1.46 a 92.64 +1.60 a 18.49£1.36 b 4533.58 £1.30 a

V,L 72.64 £1.66 b 15.27 0. 18 b 33.82+2.64 b 85.32+1.83b 15.68 +£0.96 d 3542.44 £0.47 ¢

ViM 71.36 £0.56 b 15.11+£0.54 b 31.45+2.25 b 78.65 +£2.36 be 16.85 +1.49 cd 3508.70 £1.01 ¢

VS 70.32 +0.36 b 14.63 +0. 94 be 30.65+1.85 b 72.65+2.94 ¢ 17.12+1.36 ¢ 3293.00 £0.65 d

R,L 76.56 +2.56 ab 14.57 0. 27 be 29.53+1.65b 77.62 +0. 57 be 19.54 +0. 66 a 4016. 84 +0.58 b

R,M 60.56 £3.05 ¢ 13.96 £0.65 ¢ 27.65 +1.65 ¢ 73.59 +£0.26 ¢ 19.50 £1.32 a 3797. 84 £1.30 be

R,S 51.29 +0.38 d 13.68 +£0.61 ¢ 26.21 +1.62 ¢ 72.23 +1.64 ¢ 18.66 +1.40 b 3505.39 £1.49 ¢

7] —F bR AN ) R R R Ak B 2 1) 22 55 i 25 (P < 0. 05) o Rl

Different letters following value mean significant difference among treatments at 5% level. The same below.

22 AEAEBTHASHIETKEMNHF WUE,
WUE, #1 WUE, 354¢,

W2 3 Fis AFAF WK R T, S0k pJy)
KM WUE, Z84LJEFE A 2. 76 ~3. 56 pumol *mmol -
WUE, 75 fk i [k 32.22 ~ 38.69 umol » mol ™',
WUE, fl WUE, 7557 91 F0FF 4630 7K 43 1 a6 b 31 A8
L F B —F, 4050k V,S > V.M > V,L f1 R,S >R,M
>R,L. WA AT, VS V.M 5 VL A R
T B WUE, 43517 4. 68% F12. 47% ; WUE, 4331
17 10. 87 % F11 6. 40% ; FFAE a0 AR, R,S R, M
5 R,L ML AT B WUE, 535085 14.42% 5.33% ;
WUE, 53l {5 8.55% 4. 60% . A6 A & 7K 53

6 b BRIE EE S, FEAE A a0 40 B R, L R, M (R, S
BRI e b PR VL VM VLS B R G i WUE,
Ay Es 12.87% (16.04% (23.39% ; WUE, 43 5l &5
10.63% 8.76% 8.32% . FWIF AL T VEAT K43
7S 1E N0y NIy o 7 w7 1 3 E 5 o o Rl D U S TER
AR 2 TE SRR KA . AN TR AR
FIKIAT WUE,, H7.65 ~9.56 kg-mm ™' +hm
BREE R BRI FEOK A W0 SR, AR B 30 Ak
L R,L R,M R,S FI A AL FE V,L VM V.S #H
P, 76 4 4 & 9 0 a2 A oy i 0> 7. 48% |
11.15% F1 10.52% ()18 &L F, 7 & 57 5l 82 &
13.39% .8.24% F 6. 45% , 75/ AK B K G IF4E I 7K
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3 a5 v T 30 B K S A0 JF L, JT AR
FRPE K o3 W 30 Kb PR 57 A 7K o3 M 803 O 4% Ak B

] AL, A R RE KA

x3 ARKSEGTRXESFHA M WUE, WUE, #/kE. 78 WUE,,
Table 3 WUE,, WUE, ,water use,yield and WUE_, of soybean leaf at maturating stage with different moisture contents

b3 WUE; WUE, ek FeE WUEg;
Treatment /( pmol -mmol ~1) /(pmol smol ~1) Water use /mm Yield/ (kg-hm =) /(kg-mm " +hm~?)
CK 2.85b 34.36 be 542.28 a 4533.58 a 8.36 b
V;L 2.76 ¢ 32.22 ¢ 454.15 b 3542.44 ¢ 7.80 ¢
V;M 2.82b 34.28 be 458.58 b 3508.70 ¢ 7.65 ¢
V5S 2.89 b 35.72 b 387.86 cd 3293.00 d 8.49 b
R,L 3.11 ab 35.64 b 420.21 ¢ 4016.80 b 9.56 a
R,M 3.28 a 37.28 a 407.44 ¢ 3797.84 ¢ 9.32 a
R,S 3.56 a 38.69 a 366.95 d 3505.39 ¢ 9.55 a

WUE; S} B K 20 FIURIBR s WUE,, S J AR R 20 R IRCR s WUE gy b 7=tk 3 F AR R A

WUE,; ; Instantaneous water use efficiency; WUE, :Intrinsic water use efficiency; WUEg; : Yield water use efficiency. The same below.

2.3 AEEBHASHENMFR. ASERMA

AL B0

WP B, A e b B T PR S T AR
F AL S —E BRI T e R LT
ARAE U o D TR T R TS I R AT R R
JEMVER , 76T A 301 38 21— A B I i (L, iR K&
PEAAFEAE R T B, MR HR A R A DR 1) S 2R
RS SEOT R RTEVERE A R TR R RK AR

460 BV.M

3

[ 0O CK

Gv.L

450

440

430

420

410

Soluble sugar content/(g * kg™")

400

e

Vs

BT AR S ] A MR e g 2 A A
T TR, 2% A J R BN Vi8S > VM > Vi1
R,S>R,M>R,L, HAEZE I RSO s, I E
LUlISERSE IR e Aa e PN M TR /SR E5°s
AR DAL B K 2 DAL Sy TR 5 I A AL ) 4 1
AV T A R R A, T 70T AE 0 EA T T SR 4k 31
T 0 TR 5 BB ) 2 B R A

SR,L

BRM BRS

390 s
i FrAE
Seedling stage Flowering stage Podding stage  Seedling filling maturity
H B Growth stage
1 AEKGEHTEETHREHRFAREERE
Fig. 1 Contents of soluble sugar in soybean leaves with different moisture contents

WK 2 s, ROt F & A Y E A T
et W TR, ASRAEF BI7K 53 0 b B R 35 3%
M. V,L> V,M > V.S, R,L >R,M > R,S, JEH7E
TR AT, KSR AR M08 A& =
Ko, AR 15 M AR, 5 BRI B0 0/ L SR AR IR T
i, AR [ URE 1 R R, 5 T R R T x
RRE Y SR GBI G i RS PR S = O
HHART VoM AT VLS 4B CK AHEG, R Y & A

TR (P <0.05) , K5 % T F A B A 0%
g CKAAZEE /N JFAEIZK 3 i ia A BE, T 3E 45
W, R,LLR,M RS 5 CK AH L 22 53+ .35 (P <
0.05) o BIKJF , FELE S FIEORL A , % 4k 2
FrRG AL CKACE AR KRG, A T —ER
AMEERIONE, RAD 1T 1 T 2K 20 0 0 AR R AR R
LSt AL

o
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OvL. @EvVM

L

& # & Nitrogen content/(g * kg™)
Ny
(=]
T

V.S RL BERM BRS

Seedling stage

Hi T

Flowering stage

Seedling filling maturity

Podding stage
HEEWIE Growth stage

B2 ARASEBHTREFHAEMRESE

Fig.2 Contents of nitrogen in soybean leaves with different moisture contents

i F C/N BT DR BLAE S 098 55 0 AR,
BEBREN—AHEEIEMEIE., k4 PR, R
[ 7K oAb FEAS X K G B C/N BEE 4 B e it
T, e g e Aok s b k- B C/N 1
R 3 (P <0.05) , B K G0 R 76 45 JE I sk

TSGR 75 % 0 R 3K 3 v e A0 38 RN T A
Biphia 5T A A F N C/N BRI V,S >
V3M >V3L Zill st >R,M > RzL,JEEﬂ:FﬁHjJ‘iﬂ7F§
JERINIE], St ok & & b, A =T R, i
C/N RPN WA > h e > 2,

®4 FARAKGEHTREHREEFH C/N

Table 4 C/N of soybean leave at different growth stages with different water treatments

H: FHE] Growth stage CK V;L VM ViS R,L R,M R,S

T Seedling stage 10.29 10. 47 10. 65 10.88 10.29 10.30 10.32

FFAEH Flowering stage 11.26 11.42 11.57 11.81 11.61 11.69 11.75
252 Podding stage 13.43 14.02 14.16 14.34 13.77 14.09 14.40

iRz Y Seedling filling maturity 16.05 16.27 16.37 16.53 16.40 16.69 16.79

2.4 HREMERMEARETHASHELETX
SRR EF ARE

A F WK 43 i aa ab PR, Sk a2 K =

I F B Rl 28 20 R (A C) (AR ARV Bl R 20. 56%0

~23.17%0, AIRIKIFACERG AV C BRf% T 50

i E A3 TN, VS (R, S AbERR (1 AV C 5 3%

/NF V,L V.M 43R F1 R,L R,M Zb¥ (P <0.05) ,

I35 R 20.91%0 Fl 20.56%0 (2 5), X 5 X %%
AELSOL A L. RN TE TR TSR
il R R T K A FE K, o R ECRLSE R AR
SALIE T BB, TSR ML) CO, Wik R R,
PETT S8 A" C A T

RS ARKGEFHETREMFEMBARREMES PR

Table 5 A" C in soybean leaf at maturing stage with different water treatments

CK V,L VM

V,S R,L R,M R,S

A"C 23.17 a 22.65 b 21.88 be

20.91 d 21.45 ¢ 20.78 ¢ 20.56 d

AP CRRIFIIE AR,
ABC; Carbon isotope discrimination.

H 2% 6 F1 7 TI, p BA A8 2500 R R = 80R Ak
BT AP C 5 NUE \WUE, \WUE, fil WUE,. 3342
TAHSE, AH R EL R AN 2 P 435 —0.938 -
0.904 ., — 0.932, - 0.395 F1 0.554.0.281.0.236,
0.741, [RIEF, i APC 57 B2 IEMHL (R =
0.645,P =0.553) ,WUE, 5 WUE, PR ZE (R =
0.997,P =0.045) , H & A8 & W Z 8] AH ¢ 4 8¢
AN AR i 3 KO-

FEFFAE A 38 4510, K = B0k sl 2 i ot |
AC 5 NUE 2 B8 ZHfMAMHX(R=-0.954,P =
0.042) ,A”C 5 WUE, fl WUE, #1515 v 0 ria
ACERARL, $ 2 G A G, Hoh ABC 5 WUE, #HE R
BR L ZVE P45k —0.973 F10.150, 76 (P =
0. 1)KV Eihg ¥, A°C 58 M WUE,, & 1F
FHSE(R 43511k 0. 936 F10.310, P 43514 0. 229 F1
0.799) ,WUE, 5 WUE, #2182 (R =0.981,P =
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Table 6 Correlation between A" C, nitrogen utilization efficiency, yield and water use efficiency

Abp

Treatment A"c NUE Yield WUE; WUE,
RSl NUE -0.938

Water stress at seedling stage Yield 0. 645 -0. 869
WUE; -0.904 0. 996 -0.910
WUE, -0.932 0. 995 -0.878 0.997 "
WUE g -0.395 0. 688 -0.957 0.750 0.701

TF AR I3 0 NUE -0.954"

Water stress at flowering stage Yield 0. 936 -0.932
WUE; -0.910 0.911 -0.947
WUE, -0.973 0.915 -0.992 0.981"
WUE ¢ 0.310 -0.010 -0.045 0.112 -0. 080

NUE g5 73 FIFIZ " O4 0. 05 A2 O 0. 01 KA .

NUE ; Nutrient use efficiency; * :Significant at 0. 05 level; * * : Extremely significant at 0. 01 level.
®7 EHMBPAEMHH AC EREFAYR FERASFALENTENS

Table 7 Significance between A" C, nitrogen utilization efficiency, yield and water use efficiency

Trfiim ABC NUE Yield WUE; WUE,
HK I 0 NUE 0.554
Water stress at seedling stage Yield 0.553 0.329
WUE; 0.281 0. 056 0.273
WUE, 0.236 0.011 0.318 0. 045
WUE, 0. 741 0.517 0. 187 0. 460 0. 506
TF AR 53 Bt NUE 0. 042
Water stress at flowering stage Yield 0.229 0. 035
WUE, 0.272 0.078 0.043
WUE, 0. 150 0.045 0. 080 0. 047
WUE; 0.799 0.99%4 0.949 0.928 0.949
3 ® B RACH 2 AR A K A b A AU R

KA RREARK B FEZ AT, 8 B8 K5
oip 0 P B VR B 7K 43 ) B8R R 1 [ B g
W EY A B i E BT R S Rie™ . AR
SR 25 A B 301G 7K 43 B3 X6 7 i B R i B
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Tt T EORLE SRR ISR T AR K A A
XPRPRL B B S . 1E A0 S BE SR Y R [
A IS A S R 4 R e R SRy - ORI > 1
> LA IR 45 R — 5. AR, A4 F R
KA AL 3R, WUE, #il WUE, [ 25 30 72 % 4
TN TG 8, HL O AE 301 K S ik 2l &b B OK G R
WUE, \WUE, 1 WUE, 375 F [RS8 K53 Wb f2 5T
() B 0 Ak 3 3 B A6 100 lp 2 Ak BRI A 2
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KA R
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