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Effects of interaction of nitrogen and sulfur on seedling growth,
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Abstract; The effects of interaction between nitrogen and sulfur fertilization on seedling growth, uptake and utiliza-
tion of nitrogen and sulfur of winter wheat were studied in hydroponic conditions. The results show that under the
same nitrogen level, the activities of wheat root are decreased significantly in the levels of sulfur from 0. 15 mmol/L
to 2. 40 mmol/L. Under the 4 mmol/L of nitrogen level, the contents of sulfur and nitrogen in shoots of seedlings
are increased with the increase of sulfur levels, the photosynthetic rates of leaves are increased, the development of
leaves and secondary roots are promoted, and the dry matter accumulations in shoots and roots are increased, while
the use efficiencies of sulfur and nitrogen are decreased. Under the 8 mmol/L of nitrogen level, the sulfur contents

of wheat shoots are increased with the increase of sulfur levels, while there are not significant changes in the nitrogen
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contents, and the excessive sulfur application can result in the reduce of the ability of photosynthesis. It is also not
matter and nitrogen and sulfur in shoots and roots. Under the 0.15 mmol/L of sulfur level, it is conducive to
improve the contents of nitrogen in shoots and roots with the increase of nitrogen levels. Under the 2. 40 mmol/L of
sulfur level, there are no significant differences in the contents of nitrogen in shoots and roots. The results indicate
that at certain levels of nitrogen and sulfur application, there is mutual promotion between nitrogen and sulfur, at
too high levels of nitrogen and sulfur application, there is mutual inhibition between them, which is not conducive
to the absorptions and uses of nitrogen and sulfur in wheat. The responses of different cultivars to the nitrogen and
sulfur fertilization are different. Under the 4 mmol/L nitrogen level, higher level of sulfur is more conducive to the
accumulations of sulfur and nitrogen in different organs of Yumai 34 and Zimai 12 compared to those of Lumai 21

and Yannong 19, and under the 8 mmol/L nitrogen level, the tolerance abilities of Yumai 34 and Zimai 12 against

excessive sulfur are higher.
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Table 1 The concentrations of various compounds in Hoagland nutrient solution in different treatments
ey B AbFR Treatments
Compound Unit N, So.15 N.So.e0 NiSs.40 NsSo.15 NsSo.6 NsSo.0
KH, PO, mmol/L 0.4 0.4 0.4 0.4 0.4 0.4
MgSO, - 7H,0 mmol/L 0.2 — 0.5 0.2 — 0.5
K,S0, mmol/L — — 0.9 — — 0.9
KCl mmol/L 1.8 1.8 — 1.8 1.8 —
CaCl, mmol/L 2.5 1.9 1.5 2.5 1.9 1.5
(NH,),S0, - H,0 mmol/L — 0.6 1.0 — 0.6 1.0
Ca(NO,), -4H,0 mmol/L — 0.6 1.0 — 0.6 1.0
MgCl, mmol/L 0.4 0.5 — 0.4 0.5 —
NH, NO, mmol/L 2.0 0.8 — 4.0 2.8 2.0
H,BO, pmol/L 1.0 1.0 1.0 1.0 1.0 1.0
(NH, )4Mo,0,,- 4H,0 pmol/L 0.1 0.1 0.1 0.1 0.1 0.1
CuCl, pmol/L 0.5 0.5 0.5 0.5 0.5 0.5
ZnCl, pmol/L 1.0 1.0 1.0 1.0 1.0 1.0
MnCl, pmol/L 1.0 1.0 1.0 1.0 1.0 1.0
FeEDTA pmol/L 100.0 100.0 100.0 100.0 100.0 100.0
2 LEELEAME 2.2 AMEMENNEHHERRBNZN
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R2 FELEINEZERKBFNE
Table 2 Effects of different treatments on the growth of wheat

Ui H Item TiH Item
B ghzm FEEME SEEN BRRIRE B ghzm =g SN BBRIRE
Cultivar Treat, ~ Main-stem ™ A Cultivar  Trear, ~ Main-stem ™ R
leaf age SRN leaf age SRN
(Noy ~ \Stem/Plant) 0y (Noy ~ \Sem/Plant) 0y
N, So 15 6.7a 1.05 ¢ 6.0c N, S 15 6.4b 1.00 b 5.1c
N, So.c0 6.9a 1.40 b 7.4b N,So.e 6.7 ab 1.00 b 5.6 be
@521 NSuw 6.7a 1.00 ¢ 6.1c #wE3 NS 7.0 a 1.00 b 7.4a
Lumai 21 NS, ;s 6.9a 1.70 a 6.7 be || Yumai 34 NS, 6.9a 1.20 a 5.6 be
N5 So.60 7.0 a 1.40 b 8.6a NsSo.0 6.6 ab 1.10 ab 7.8a
NgS, 40 7.0 a 1.00 ¢ 7.3b NgS; 0 6.4b 1.00 b 6.8 ab
N, So 15 6.8 ab 1.00 ¢ 5.1be N,Sois 6.7 abe 1.00 b 7.2¢
N:Soew 7.2a 1.35a 6.5a N,Sos 6.6 be 1.00 b 8.0 be
19 NS  67b 1.00 ¢ 4.8 be E12 NSww 7.1a 1.10 ab 8.6 ab
Yannong 19 NS, 6.6b 1.20 b 5.7 ab Zimai 12 NS, ;  7.0ab 1.20a 8.5 ab
NiSoew  6.6b 1.00 ¢ 6.3a NgSes 6.7 abe 1.20 a 9.4a
NiS,uo  6.5b 1.00 ¢ 4.6c NiS, o 6.4c¢ 1.00 b 8.5 ab

¥ (Note) ;: TN—Tiller number; SRN—The secondary root numbers per plant. [FF)¥{E 54 R FBFR F— M ARRALTR B ZE 5% KF L&

5% B3 Values followed by different letters within a column for a cultivar are significantly different between treatments at the 5% level.

£3 TELEMNMETHRBREE (mg plant)

Table 3 Effects of different treatments on the dry matter accumulation of wheat

fh A Cultivar

];ii Tre&i:int ax21 g 19 BE 34 HE 12
Lumai 21 Yannong 19 Yumai 34 Zimai 12

B TE NSy 15 202.0 e 174.5 ¢ 319.5d 205.0 ¢
Shoot dry N,Se. 272.0 b 200.0 b 346.0 cd 245.5 b
weight N,S, % 207.5 de 167.0 ¢ 375.0b 286.0 a
NS, 15 327.5 a 229.5 a 366.5 be 235.5b

NS 60 260. 0 be 202.5b 427.5 a 257.1b

NS, 4 236.0 cd 138.0 d 320.5 d 203.5¢

BTE NSy 15 41.0 ¢ 27.4 ¢ 38.5d 50.4 d
Root dry N,Se. 46.0 b 34.3a 41.3 cd 55.6 ab
weight N,S, % 35.5d 30.8 b 43.9 be 58.5a
NS, 15 49.0 ab 35.6a 46.6 b 54.8 be

NS 60 53.0a 34.5a 52.2 a 58.3 a

NS, 4 50.0 ab 23.2d 39.1d 52.1¢d

H(Note) : [El—fFFIESEAREALIERE L, FIAARIFRRERRIES% KE EEF BF Values followed by different letters within a col-

umn for a cultivar and an organ are significantly different between treatments at the 5% level.
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x4 FELEINNERFAFHHHM [(mg/(g-h), FW]
Table 4 Effects of different treatments on root activity of wheat

g Cultivar

43

Troameny TR MR BEM EEL
Lumai 21 Yannong 19 Yumai34  Zimai 12

N,Sois  5.15a  5.21a  3.64a  4.08a
NS0  4.62b  4.12b  2.88b  3.14b
NS0 407c  3.33¢c 2.24c¢  2.60c
NgSois  4.97a  5.39a  3.56a  3.80a
NgSoo  4.65b  3.75bc 2.83b  3.25b
NsS, 0 4.13c  3.28¢  2.19¢  2.47c

E(Note) : [Rl—fMARALIERILLE:, RIFIARTFEHRERT
T 5% K F_EZEF BFE Values followed by different letters within a col-
umn for a cultivar are significantly different between treatments at the 5%

level.

KT, R AR R KT B b FRAE AR FIAR F
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Table 5 Effects of different treatments on the contents of sulfur in shoots and roots of wheat

fh A Cultivar

wE b

Organ Troatment g8%21 XHge 19 BE 34 £ 12
Lumai 21 Yannong 19 Yumai 34 Zimai 12

& N,So 15 4.28 ¢ 4.674d 514 ¢ 4.51 e
Shoot N,So e 5.49 b 5.59 be 5.75b 5.32 be
NS, w0 6.83 a 6.27 a 6.48 a 6.01 a

NySo 15 4.31 ¢ 4.314d 5.51 be 4.71 de

NSo e 5.73 b 538 ¢ 5.69 b 5.07 cd

NS, 0 6.71 a 5.96 ab 6.41 a 5.67 ab

BE N,So 15 5.35b 5.13 be 5.50 ¢ 4.75d

Root N, S0 6.37a 5.77 a 6.19 b 5.29 be

NS, w0 6.47a 5.80 a 7.23 a 6.10 a

NySo 15 5.20b 4.81 ¢ 5.67 be 4.62d

N:So 60 6.09a 5.54 ab 5.71 be 4.99 cd

NS, 0 6.16a 5.75a 7.39 a 5.63 ab

H(Note) : [El—fFFIgSEAR LR LS, BIIWRLL AR FZEKETES% K FE EEF B FE Values followed by different letters within a col-

umn for a cultivar and an organ are significantly different between treatments at the 5% level.

TE Sy, 1s/KF T, A dl Fi s B ARE SR EY
%fﬂj’ﬂ Ns ﬁ%%ﬂ: N4 ﬁtﬂyﬁ 50.607J(:\|Z‘—F,§'Fﬁ‘1ﬁ
RS REIRFRIN N, BEFRT N, 408, 85 21
IR 19 3 EEREREN N, BER/T N, 42, T
B 34 iz 12 N, abs i EAERES N, &

HETLBEES. 1 S, o/KF T, FdFhih L HM
BREFTREWRANN, SN, LELBEER, B
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F3f /G EERAARER S RETLBEH I,
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®6 FRELEMNEM FEHERTIRASRERHRM (g/ks)

Table 6 Effects of different treatments on the contents of nitrogen in shoots and roots of wheat

fh A Cultivar

jii Tm&fim /%21 A 19 %% 34 & 12
Lumai 21 Yannong 19 Yumai 34 Zimai 12

i &R N, S 15 4.2 ¢ 41.4 ¢ 40.8 b 48.1b
Shoot N,So 6 45.5 be 44.6 be 47.9 a 54.3 a
NS, 0 48.6 ab 47.2 ab 48.9 a 5.0 a

NySo 15 49.3 ab 45.8 ab 47.7 a 53.8a

NSo e 50.4 a 49.5a 49.1a 54.2 a

NS, 0 49.8 a 47.9 ab 50.6 a 55.1a

EA N,So 15 34.5¢ 32.6¢ 41.4 ¢ 39.9 b
Root N,So 6 35.1¢ 35.0 be 42.2 be 40.4 b
NS, w0 36.4 be 36.2 abe 43.9 abe 43.1 ab

NS 15 39.2 ab 36.9 ab 45.7 ab 4.5 a

NSo e 41.5a 40.1a 46.7 a 45.6 a

NS, 1 38.6 ab 39.3 a 47.6 a 46.0 a

H(Note) : [El—fFFIgSEAR LR LS, BIIWRLL AR FZEKETES% K FE EEF B FE Values followed by different letters within a col-

umn for a cultivar and an organ are significantly different between treatments at the 5% level.

2.5 BEMEEINEHFRXGEEART

W THERTTUER,E N, KFET, 8% 21
TR 19 B b A 3 R B AL B K T 1 48 55 B3
jt,%i 34 iﬁ]yﬁi 12 B(J 52.405 SOGO&t}EI\EﬂﬂEE%
2R, BHBERT S L8, 7 N, KFTF,E8F
21 FOAEAR 19 v F AR 2R B AL G K T B9 38 i
fi%, %3 34 FIIZE 12 AR GUK PR & e G
FEAR. VLHAZE 4 mmol/L HEEU/KF T, 18 M B L5k
KFEFTF/NEGEN R AEEREE, R
RUKFT TR HESREIENELS T A Bt
A TF4ERES
2.6 ERMEEMIMNEHHARREST AR

7N, KFT,FEEHUK R, Bk 34 ik
12 1 ERABRRENEENAZ B RER M,
B35 21 AR 19 i ERABEARENEENER
MEBEEEHINERER, DL S o bHE B . 7 Ny KT
T RERTK RS, B 34 A& 12 EEHmE
RMEESH ERABRFANARHERCH NG
&, &5 21 FHAR 19 i EBMRERREFRME, BRI
RERMEELENEFEMS, HBAZE 4 mmol/L {4
KFETF, 58F 21 MK 19 M, 55K E

R7 FELEIMEMFXESERHN
Table 7 Effects of different treatments on photosynthetic
rates in leaves of wheat [ CO, pmol/ (m’-s) ]

g Cultivar

Tre&:int 821 WR19 BEM FE 12

Lumai 21 Yannong 19 Yumai 34  Zimai 12

N, So.15 81c 8.0c 6.2d 9.5b
N,Sy.60 10.8 b 10.6 b 10.9b 13.7 a
N,S; 40 12.7 a 12.3a 10.8 b 13.1a
N;So.15 11.3b 12.9a 10.6 b 12.9 a
N;Sy.60 11.0b 10.5b 13.2 a 14.3 a
N;S; 40 10.6 b 8.5¢ 8.6c¢c 10.9b

E(Note) : [Rl—fAFARALIRRILLE, RIFIARLAA R4 E
T 5% K F_EZEF BFE Values followed by different letters within a col-
umn for a cultivar are significantly different between treatments at the 5%

level.

BAMNT B 34 A& 12 FHERRXANREHR
B ERERACE T, S BRI SRR X 2 d i b
HARAR R BT (RS,
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Table 8 Effects of different treatments on the amounts of sulfur and nitrogen accumulation in wheat

fhfd Cultivar

oiH 4b3

Item Treatment L R 19 B 34 12
Lumai 21 Yannong 19 Yumai 34 Zimai 12
H EEHRARE N, So.15 0.86 ¢ 0.81¢ 1.64 c 0.924d
Sulfur accumulation N, So.60 1.49 ab 1.12a 1.9 b 1.31b
in shoot N,S;.40 1.42b 1.05 ab 2.43 a 1.72a
N So. 15 1.41b 0.99 b 2.02 b L1lle
N;So.60 1.49 ab 1.09 ab 2.43 a 1.30b
NgS, 40 1.58 a 0.82 ¢ 2.05b 1.15¢
RARARE N, So.15 0.22 ¢ 0.14 ¢ 0.21 ¢ 0.24 ¢
Sulfur accumulation N, So.60 0.29 ab 0.20 a 0.26 b 0.29 b
in root N,S;.40 0.23 ¢ 0.18 ab 0.32a 0.36 a
NgSo. 15 0.25 be 0.17 b 0.26 b 0.25 be
N;So.60 0.32a 0.19 ab 0.30 ab 0.28 b
NgS,.40 0.31a 0.13 ¢ 0.29 ab 0.29 b
HEMEARRE N, So.15 8.93d 7.22 de 13.04 d 9.86 d
Nitrogen accumulation N,So.60 12.38 b 8.92 be 16.57 be 13.33 b
in shoot N,S, 40 10. 08 cd 7.88 cd 18.34 b 15.73 a
NgSo. 15 16.15 a 10.51 a 17.48 be 12. 67 be
N5 So.60 13.10 b 10.02 ab 20.99 a 13.93 b
NgS,.40 11.75 be 6.61 e 16.22 ¢ 11.21 cd
BERHEE N, So 15 1.41 cd 0.89 d 1.59d 2.0l ¢
Nitrogen accumulation N,So.60 1.61¢c 1.20 be 1.74 cd 2.25b
in root N,S, 40 1.29d L1le 1.93 be 2.52a
N So. 15 1.92b 1.31 ab 2.13 b 2.44 ab
N5 So.60 2.20 a 1.38a 2.44 a 2.57 a
NgS, 40 1.93b 0.91d 1.86 ¢ 2.40 ab

H(Note) : [E]l—FhFhF0Im B AR EALEE L%, RIPIARIFEBRERRIES% K FE EEF ZFE Values followed by different letters within a col-

umn for a cultivar and an item are significantly different between treatments at the 5% level.

=R 9 P, ER—HERKFE T, SR A
AR 2 P i 28 3R 2 i L 7K - Y 4R 1 T
o F—HHKF T 328 AR, &R R R
TR, MR AR R E ZF, RULHR
KF#EsE 0. 15 mmol /L &R BUMNEMRRAMAR
BRI FIRCR IR, 72 4 — 8 mmol /L StEKFEE
W, R RK IR T DN E R R R AR, S5
RAHBRITTBE N

2.7 @M A SREERNEERER TR YF
HAHExMREmEAES

HRIOEN, R HREERNDNERRTE
ACEEE M EEAMRTNTYE A RS ER
mEAARENRRAAREYE BERRBEY
M, AERXTHRARE ) AR S 2 A a R
FABCRH TR EL M. P x B(CxN) (B FF < Hi
(CxS) ABxB(NxS)fIEFp x B xB(CxNxS)
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®9 TRALEINMER . B AMFEFE(mg/ mg)

Table 9 Effects of different treatments on sulfur use efficiency and nitrogen use efficiency in wheat

fhfd Cultivar

]fj Tm&fim g%21 A 19 %% 34 s 12

Lumai 21 Yannong 19 Yumai 34 Zimai 12

WEFM MR N, So.15 224.2 a 211.3 a 193.1 2 219.4 a
Sulfur use efficiency N, So.0 178.0 b 178.1 be 172.5 b 188.2 cd
N,S; 40 147.5 ¢ 161.4 ¢ 152.5 ¢ 166.0 e

NySo.15 225.9 a 228.5a 180.9 ab 213.1 ab

N5 So 60 172.7b 185.1b 175.7 b 197.8 be

N;Ss 10 151.2 ¢ 168. 6 be 153.5 ¢ 176. 6 de

REMAME N, S.15 23.5a 24.9a 2.5 a 21.5a
Nitrogen use efficiency N, So.60 22.7 ab 23.2 ab 21.1b 19.3 b
N, S, 40 21.4 be 22.0 be 20.7 b 18.9 b

N;So.15 20.8 ¢ 22.4 be 21.1b 19.2 b

N5 So 60 20.5 ¢ 20.8 ¢ 20.5 b 19.0 b

NgSs 40 20.9 ¢ 21.4 be 19.9 b 18.8 b

H(Note) : [E]l—FhFhF0Im B AR EALEE L%, RIPIARIFEBRERRIES% K FE EEF ZFE Values followed by different letters within a col-

umn for a cultivar and an item are significantly different between treatments at the 5% level.

x10 RM @ HR-ERNNEEREARBEFHREXERZEOAZSH(FHEH)
Table 10 The three-way ANOVA results of cultivar, nitrogen and sulfur on the related traits of wheat growth,
uptake and utilization of nitrogen and sulfur(F value)

‘ ‘ R ToE P P
i 5
BRRE RRES HRER Dry matter weight Sulfur content Nitrogen content R Ax
Source of Root  Photosynthetic FIRME FARE
variation activity rate o L3 MR o B3 A o 3 A SUE NEU
Shoot Root Shoot Root Shoot Root
C 194.8°° 38.9°° 383.9°% 317.4°° 21.5°° 51.4°° 31.7°° 49.7°° 7.6%° 20.0°*
N 1.4 18.4%° 20.9°* 46.5°° 1.6 9.2°% 28.7°° 56.4°° 0.8 28.9°*
S 210.7°* 45.8°° 29.0°°% 32.6°° 264.2°° 108.4°° 17.7°° 4.6° 76.7°° 13.6°°
CxN 0.1 2.7 11.8°** 17.0°° 2.3 0.7 0.5 0.0 0.7 0.6
CxS 5.7°° 11.4%° 8.7°* 2.9° 10.3°° 7.5%° 0.6 0.5 2.7° 0.6
N xS 0.1 133.8%* 59.1°* 20.0°° L9 0.9 5.5°° 1.4 0.2 5.1°
CxNxS 1.1 2.6° 11.3°° 9.9** 1.0 0.9 0.8 0.1 0.4 0.5

¥ (Note) ; SUE—Sulfur use efficiency; NEU—Nitrogen use efficiency; G, N. S 43| 3R i Ff . & & .5 & Indicate cultivar, nitrogen and
sulfur, respectively; = , % * Z3IFTRTE 5% 1 1% K FEZEF EFE Indicate significance at the 5% and 1% levels, respectively.

FIR AR AR T YRS E BE SRR E
ZWVER, B CxN I CxN xS MR A S &
EAABEMRRAARR LB EF MW, CxS
BEEMNERRE SN JEAEE M EHARTS

WEREFFMEN xS BEL MM E kS
REMRRAFRER, XHE R 58 5 R AR
REDELH. RHERRBENAMFT, NELYH
A R IR PR SRR 32 o o S B R 0



50 HYE SR 2R 18 %

KRR B2 s AR K B RN /N 4 AR R TS
HTBEEW, BRAEIENT LA ER ., TR
MB M EIER S RERRRARBERNERE
AR

3 g

BAREYRITE K5 KB B B P IR
EWEERE, HAFTRE S EHBESERA™
BHEUAEX", TEERTESERKT LA
BEYRANERET, BEEHRAEH",
BERA T IS M, R R, A L I S e
HEESESNERRAE HEBESR B EEHERX,
Hi B e B IR AR RS ), BRI R R, B
WAL, ThEmZEEEP WA N, f
SRR TFENTRESHBRAE S, EEKE
RS EAR RS N TR, W HIR R R R Rk
FlA. ARBEHHWREEN KRR (>
2. 0mmol/L) , ZER BB AH T, NESHHIRATE
HE B ERRELEN K EEME L, RREKTEE
HEN, RRXEAEAMBREAEHNERRRE
ZEMNE REEREREE BEYWE(Fy anags
=96.5""; Fammage = 96 5 Furnzass =
8.1 Fgmmppy =22-1"" )0 7E 4 mmol/L i 8
mmol/L FFMERAKF T, BB EFAKEHFBR R
% 1 B3 TR, B7E 4 mmol/L /K F FIHEAH
RARE S HFERE AN E R R EE ;A
ALK E A, D ER R R E R
L, EE B EREMS, A —ER AN AT L,
INERRTE N TR RBAT R, 7L
IR 2RI 3 2 R R B R N B
WHENE R RRBIESTE,

AR, RARECA A T B /&
TYR- B ERE RS BRIk 2", Withers
BN VX R T A A B TR Y
g, REGAEAESFBEYRENEZ,
WEME R B I, B /N R M E R S e AR R A
BREMEME K, SERAG THA B
FY AR BB INEA L, BRAS TR, Ak
TYRREBHHNEBER KT, NEFE”
WK, AR A TR =R R, KK
B REN XTI R K (4 mmol/L) T
5 X4 48 B A R K T, 37 A X A I A A R K R
(0. 15 mmol/L) F 1& X4 2 m L &K F, 8 F F 3%
IR RS R, BEH AR A R R, EHE T YR

E MR, 705 B R B R AR 1 T 4k 3
BRARBIBLRT , WIS H B R R AR B, gt
KA RLEEn, AT IEERKEE. HHAE
MBI E R E N, R, R K P
B WAHE AR, S NEE R R E A,

BTABRIE S R 20, AR B R 2B/ N E TR
& RO BT R RN F 8 RN B 2
S MBS FIRR R /N TR B R R
AR, MG, ZHEGMEE 49 K- ] BEE
B, KB B RP22E 906 B EBEBH™ . £
FL&PRERR SR TR 8 R R RO I
BRI F T /N R4 A BRARE 7 B (A R
IO B T AR o7 R 5 A R M S B TR
o7 0 £ 5 R TR AR AR 36 BB 3 , A BB 7E - 3 Bk
ST HREEE 8, T B RN B i, 7= 8
IRBERN, ARR LS REN, ERRRZ MK
FF ARG RENENGFEBEER, 56
3 21 FHEAR 19 A1, 76 4 mmol/L KT, 5
B K B A RT3 34 FIiE 12 KB ER
EMRENREEBREKFET, &L EB K
FARERTHE 34 ME R WEKEE. st
A S BRI 32 F S A R R R
FE B TR R AL T BBKIE . ASUTE KA T
5T /NEEHIN AR FR BB P RN, B XA
WEAES/NEEE PR 4K R TR RTHF
PRI MR A Bt — T

& % X W
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