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Abstract

Aims Global warming is expected to be the strongest in high atitude mountainous areas, which are more ecol-
ogically fragile and economically marginalized. The Qinghai-Xizang Plateau is among such areas most vulnerable
to global warming, and more than 80% of its population depends on subsistence agriculture. The aim of this study
is to understand the impacts of warming on indigenous crop production, which can help to devise better strategies
for crop adaptation and food security in this area.

Methods A field warming experiment using a facility of free air temperature increase was conducted to simulate
the predicted warming level in Caigongtang town, Lhasa City, China. The experiment consisting of two treatments
(warmed and non-warmed) was performed using a completely random design with three replicates. An infrared
heater (180 cm in length and 20 cm in width) of 1 500 W was suspended 1.5 m above the ground in each warmed
plot. In each non-warmed plot, a ‘dummy’ heater of same dimensions was also suspended to mimic the shading
effects. The warming treatment was performed from the sown date to the harvest date. We measured dry matter
and nitrogen accumulation, partition and translocation of winter wheat (Triticum aestivum) using ‘ Shandong 6’
under warming and control treatments.

Important findings Results showed that, with 1.1 °C increase in daily mean air temperature during winter wheat
growing season, the dry matter accumulation rate at population level from sowing to anthesis stage, grain dry
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matter partition ratio and contribution of dry matter translocation amount to grain after anthesis were 27.5%, 5.6%
and 68.6% higher, respectively, in the warmed plots than those in the non-warmed plots. Meanwhile, warming
increased nitrogen accumulation rate at population level of winter wheat. Nitrogen distribution proportions in
grain and nitrogen translocation efficiency from vegetative organs to grain after anthesis in the warmed treatment
were 6.0% and 5.5% higher than those in the non-warmed treatment, respectively. Compared with non-warmed
treatment, warming decreased harvest index by 3.1%, though the difference was not statistically significant. Grain
yield, nitrogen uptake efficiency, nitrogen partial factor productivity and nitrogen harvest index were 8.1%,
20.8%, 8.1% and 6.0% higher, respectively, in the warmed plots than those in the non-warmed plots. In conclu-
sion, an increase in daily mean air temperature of about 1.1 °C can enhance plant growth during the pre-anthesis
phase by mitigating the low temperature limitation, and accelerate dry matter and nitrogen partition and trans oca-
tion to the grain after anthesis in winter wheat. These results suggest that warming may benefit winter wheat pro-
duction through increasing nitrogen use efficiency in high atitude areas.
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Fig. 1 Free air of temperature increased (FATI) facility with
infrared radiation in winter wheat field.
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Fig. 2 Diurnal variations of temperatures on winter wheat canopy (A) and in soil layer of 5cm (B) at filling stage.
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Fig. 3 Responses of dry matter accumulation rate (A and B) and nitrogen accumulation rate (C and D) during different develop-
mental stage to all-day warming in winter wheat (mean + SE). DMA, dry matter accumulation; NA, nitrogen accumulation. Different

lowercase lettersin the figure are significant at 5% level.
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Tablel Responsesof dry matter partition among different winter wheat organs at maturity to all-day warming (mean + SE)

yiseil FFHi Grain HUh+F5¢ Spike axis + glume M Leaf ZEFT+HY Stem + sheath

Treatment
AL 43 e 41 Pl paiaal AL paiaal| ol paiaal
Distribution Distribution Distribution Distribution Distribution  Distribution Distribution Distribution
amount ratio (%) amount ratio (%) amount ratio (%) amount ratio (%)
(g-stem™) (g-stem™) (g-stem™) (g-stem™)

AR 2.59 + 0.04% 42.88 + 0.45° 0.64+0.02° 10.53 + 0.40% 0.27+0.01° 4.49+0.08° 2.54+0.05° 42,09+ 0.27°

Non-warmed

iR Warmed — 2.33+0.05° 45.28 + 0.08° 0.56 + 0.022 10.98 + 0.36% 0.21+0.01* 4.09+0.30° 2.04+0.04° 39.65+0.10°

[ F AN ) /IN G 7 B A B i) 22 7 1 5% 35 7K T

Values followed by different lowercase | etters within the same column are significant at 5% level.
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Table2 Responses of plant nitrogen partition among winter wheat organs at maturity to all-day warming (mean + SE)

bos] R Grain HSh+7i5¢ Spike axis + glume I F Leaf 2+t Stem + sheath
Treatment
S et AL 43 Hc L gl AL 43t A rie 43 bl
Distribution Distribution Distribution Distribution Distribution Distribution Distribution Distribution
amount ratio (%) amount ratio (%) amount ratio (%) amount ratio (%)
(g-stem™) (g-stem™) (g-stem™) (g-stem™)
KGR 56.34+0.76°  73.26+ 0.63° 4.62 +0.25% 6.01+0.35° 2.88+0.11° 375+0.12° 13.05+026° 16.98+0.40°
Non-warmed
1 Warmed 55.18+0.55"  77.68+0.27% 4.31+0.18% 6.07 + 0.29° 1.88+0.14° 265+ 0.19% 9.66+0.13°  13.60+ 0.20°

[ 5 AN ) /N 5 ) 2 A B ] 22 7t 1 5% 7K

Values followed by different lowercase letters within the same column are significant at 5% level.

3 JHEJEE IR B TR KPR 18 B AT AL J5 B 3R Bt 4 R Y
LR 48 AL b 5 22)

Table 3 Responses of dry matter trandocation amount from vegetative
organs to grain and dry matter accumulation amount after anthesis to all-day
warming (mean + SE)

F4 I E IR E R AL e ig B AT AE G R B0 4 R AR K
W] R (P I A v R 72

Table 4 Responses of plant nitrogen translocation amount from vegetative
organs to grain and plant nitrogen accumulation amount after anthesis to
al-day warming (mean + SE)

pasiil ANt i
Treatment Non-warmed Warmed
A IR LS R 1164.95+48.69° 2126.69 + 129.66°
DMTA (kg-hm)

FEAETTIE R AL e 26 851+ 0.52° 12.96 + 0.91°
DMTR (%)
TEAE R i E AT 1329+ 093° 2240+ 1.67%

TiHkH CDMTAAG (%)

FEAL G F A B0 N PR
DMAAA (kg-hm)

FEAE G FAL B R b 5Tk 2
CDMAAAG (%)

) 51 AN [R5 o BE R R AL 3R 1] 22 5715 5% 25 7K 7

Values followed by different lowercase |etters within the same column are
significant at 5% level. COMAAAG, contribution of dry matter assimilation
amount after anthesis to grain; CDMTAG, contribution of dry matter trans-
location amount to grain; DMAAA, dry matter accumulation amount after
anthesis;, DMTAA, dry matter translocation amount; DMTR, dry matter
translocation ratio.

7635.10 + 293.44% 7390.02 + 309.59%

86.71+0.93" 77.60 + 1.67°
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S5 A 14
Treatment Non-warmed Warmed
BRETAKE 149.92 + 337" 180.79 + 2.24°
NTA (kg-hm™)

BRwmBERLIZR TE (%) 67.34+0.77° 71.07+0.31°
TR IE B FFRITIRE CP (%) 7524+ 069%  70.61+0.26°
THEE R 28 NAA (kg-hm™) 4937+208° 7524+094°
PIR AT S vop s i e 2476+0.69°  29.39+0.26°

CPNAA (%)

) 51 R AN [ /N5 - BE R 7 A 38 ) 22 S5t 1R 5% 35 7K F

Values followed by different lowercase letters within the same column are
significant at 5% level. CP, contribution proportion; CPNAA, contribution
proportion of nitrogen accumulation after anthesis; NAA, nitrogen accumu-
lation after anthesis; NTA, nitrogen translocation amount; TE, translocation
efficiency.
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Table5 Responses of grain yield and nitrogen use efficiency of winter wheat to all-day warming (mean + SE)

Ay FPRL SRR %L BIRBLR AR 11 EER R
Treatment Grain yield (kg-hm™) Harvest index (%) NUE (kg-kg™) NPFP (kg-kg™) NHI (%)
AR Non-warmed 8800.04 + 246.65° 41.22+ 0542 1.30+0.02° 41.91+1.17° 73.26 +0.63°
3 Warmed 9516.71 + 220.48% 39.94+0.67% 157+0.01° 4532+ 1.05* 77.68+0.27°

[ 5 s AN ) /N S ) 2 A B 6] 22 57 1 5% % /K o

Values followed by different lowercase letters within the same column are significant at 5% level. NHI, nitrogen harvest index; NPFP, nitrogen partial factor

productivity; NUE, nitrogen uptake efficiency.
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R R S T iR FLR R 7EARRIE
TR Ia &AM T, GRS IRE S A&/ NEEF W
(M BARIR L, WkZR 1 3T 2 AR IE AT & /N K R
B IBRE, 2 BRGSO . 245 RS
Fang5(2012) FILf s 15 45 (2015) (A 98 45 S — 5. A
WA G R R, R, 05 kR 5%
BEMEIE A T IR A, X — R LW
BT EAME A R ) T B R R s . 1 HL,

BRI T-H )53m0 KRR 73 i B A8 25 et X AR 2,

SRAN T I AR S W54 o [ R R ) e s e s/ T i
B AR, AR T R

BIWOR R 7= A BB e . B 9T
RIL, VEVITTAERT B R EFITFE 2 I 1+
MR RES P ERE LR, REEY-ErX
BEAE TR m TR AE AT A & R & (Ntanos & Koutrou-
bas, 2002; Jiang et al., 2004). i AR IR |

www.plant-ecology.com

SNBSS, AT RS A O . B AR
B, /N2 AR RIS 3E B /22025 °C, /NEEAR
o G S i s B s T bR, HR R I 40 CHY,
BRI E 2 R B (VP 2012) . BEER AN EAR
4T (2000) 8 72 & I i ol 5| e /NS R A E AR
B 2 FHPFEA%, 11 Gebbing®s (1998) . Tahir £ Nakata
(2005) (1 7L 22 B, A6 i il B 3 P T v A R T AR
R E, (B T32 PRI & bR
B, BTN BRI ARSI N BRSO 2
(Psm, (RN RE 56 4 IR A BRIE IR 8 50 T /D22 A
IR R L. AR E TN E M
AL EE, R E TR LL CAERE T REA A &N
SRR SRR B T A S TR a8 B R A7 I SR FF
LA 2, FORFRL AR 0 45 T B v T 0 B A
. XA 5&/NEE G E SRR K. AT
(RIS X AR TETA °C, K T30 C,
RIEHG IR °C, Rk T & /N2 BB AR K (K13B),
nRedEE TARRINAE BRI AT/, AFF 4/
RN B SORR 88 K% AR 1) 32 43T
BRI AR R R B R S0 A = A= = 1
HEFRRR, &8 T A= SRR A 7 AR A 1
& o5 R AR B PR 1 i (R s 5, 2009). ASHFIT
o, SRR AL R RSO R . BRI A S R R
RGBT FRAC B, 3E B REIR T AN
REICRI, A R TR R = 2 AR 2R 1 [R5
P, SEMEE E AL FLR R AT RETE T I AL B AL
KN RTIIAE R E R NR, IK T £/ N R B2 A
I (Tian et al., 2014). ASRIG 45 Bk R M, iR
Ab PR ) AR R B TR AR S B A s R, ek
T E IR e R AT R S, TR
T ER R X IR AR B FFIE AT R 8 AR
TUERE BANE S, (R IE AT T4 iR R 2K T
TRACEE, FFAERTR SR () B H AR A B B 53 2B 7,
FEUE M EIRIERCRAIC T, Iz ARG TR
[l AR o0 e AS A B, 3 ont TR A B RR R T R AR
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VB R B P ICAE I AR 8 2, JORFRL ™
RIS 28 2R 3 ) Bl R 51 T 8.19%071120.8%
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INFZ R VR R R

EE&WHE BRI &H4L%(2016YFD0300803).
E Kooz AT Ak (R k)% 5 (201503116-10). HK &
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(CAAS-XTCX2016019-03F=Y 2016X T01-03).
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