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Abstract: Non-structural carbohydrates ( NSC) are the main providers of carbon in plants. Understanding the carbon
dynamics of early spring ephemeral plants helps reveal their physiological and ecological adaptation mechanisms to regional
environments. This study focused on the common species Gagea nigra in the Yili Valley of Xinjiang, investigating the effects
of phenological stages and altitude on bulb NSC and its components ( soluble sugars and starch) , and analyzing the patterns
of NSC metabolic transformation. The results indicate; (1) Across different altitudes, the phenological dynamics of NSC
and its components in bulbs are consistent, showing a trend of increasing, then decreasing, and then increasing again. (2)
The response of NSC and its components in bulbs to altitude varies with phenological stages; overall, there is a significant

negative correlation between bulb NSC and soluble sugar content and altitude (P <0.05), while the variation in starch
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content with altitude is not significant (P > 0.05). (3) The content of NSC and its components in bulbs is significantly
affected by environmental factors (P=<0.05), with soil organic matter, total soil phosphorus, and soil water content being
important factors influencing NSC synthesis and metabolism. (4) Although there are fluctuations in the content of soluble
sugars compared to starch, the overall metabolic transformation pattern of NSC remains unchanged, with the content of
soluble sugars always higher than that of starch. In summary, Gagea nigra has developed a series of physiological adaptation
mechanisms to cope with the regional environment. These plants, due to their unique life history characteristics, have
established an NSC metabolic transformation pattern dominated by soluble sugars, which does not change in response to

phenological or altitudinal variations.
Key Words: non-structural carbohydrates; early spring short-lived plants; storage organ; elevation; phenological period
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XA 5T IX E 47 55 3 A2 5, 78 1192 m 1399 m, Fig.1 Schematic diagram of the growth and development of
1592 m 1 1784 m 4 MESGESEREETIKIE] Z 0401 Gagea nigra (Created with BioRender.com)
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TROKAEFEATIURE AU IBURE ARE DT B 10 PRAZ I fERRE /MR RO R AR B LS8 Bz S e A EAriE
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Table 1 Specific situation of sample plot

T AR TIEFRSY
Soil physical property Soil nutrient
i R Sk TR AL Eo EXU
Number Altitude/m iR Soil bulk Organic Total Total
Water pH . .
fent/ % density/ matter/ nitrogen/ phosphorus/
content/ %

(g/kg) (g/'kg) (g/'kg) (g/'kg)

P1 1192 8.40 a 7.37 a 7.06 a 39.78 a 2.16 a 0.61 a
P2 1399 13.86 b 7.48 a 6.87 a 45.15b 2.40b 0.48 b
P3 1592 15.00 be 7.10 a 6.66 ab 48.45 ¢ 2.37b 0.50 b
P4 1784 15.67 ¢ 7.28 a 6.59 b 46.40 be 2.33 ab 0.46 b

P1.P2 P3 Tl P4 43 HiIXS eSS 1 FEHL 2 FEHD 3 FIREHD 4, 7R ) SRR R WY 22 57 | 35 K P<0.05

1.4 AEZERRR KL &9 3 2 I 2
PR BN I ZEHAE 65 C A T 72 h ZAEEE 8 408 K CRS & 0.0001 ¢) FRT 3, SR 5 KAt 19
FEMBIFE 0 50 H i, SR M T pk A6 885 25 b T 8 PR RIS 495 2 2100 o U] L € e A 0 1220 g A 28 s
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Fig.2 Differences in the content of NSC and its components in Gagea nigra bulbs at different phenological periods ( mean+SE)
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RPN [ Py 1 30 ) 22 57 4 .3 (P <<0.01)

http ; //www.ecologica.cn



2748 xR 45 4

g

() By R AR — B, YR IN e T Ja AR B S i a3 ELAE & e B b, T s e il 2 £ ol
TEM L,

£ P2 HEHL, R TR pKAE 528 NSC & i b A8 b 2 i 35 25 5% (P <<0.05) (181 2) , #E P3 il P4 Kb, NSC
TEEY R RN D T (P<0.01) . AR, BBEE T K AL 6525 NSC 7 & 1Y Y15 2 5 A7 A6 A DR
A PR ETHE R R T E s Hod S AT AR H ) B85 25 NSCBE ) i 28 Ak 1Y) 18 3 i B8 d5e /N (18.17%
—25.50% ) , T f5¢ fe T AARE b ) B S R B2 e K (3.41%0—24.92%)

PR T PR AL 005 25 O W D LU B A 2 A8 AU BAFTE 25 57 (| 2) o 78 P3 Kb, BHUE EL R4 A8 1k AN 1 35 25 57
(P<0.01),MM7E P4t B #2255 (P<0.05) . MHILZ T ZERARIEA R PL AL P2 A, R0 T K 18 i =5
(RE FLBE AR AL 0 25 SR 8.3 (P>0.05) , SR FF | ASRNEER B L B 4 10 28 Ak A S AR — 5, 35 5
SRS T k.

2.2 AESSPERRIKAL A W SO o & B 25

SBT3 BT, FEAH R 0 s B B, AN [R) 4 B) SRS T0 vk AR 25 nl i MERE i 55 NSC ST P22 5%, 1F
HRIAE I B B, 25 AT i Ml o i 5 NSC B i BT AR B T E TR, ZERP BT RY BL, BRI AR Y P A P2
FE B T PERE B 5 NSC S THOE TR B P3 1 P4 FEHD . 76 Hb 1AL 25 01 B B | S8 6% T vk 4F el 2% ]
VESPERE O it 5 NSC 7t BV T =5 3 I 33 55 A s B B A AN )

[ — P B B AN [) VA 1) S0 T oKk A6 5 e Wy % 8 I Wl 25 5% (TR 3) , 7 T BRI AE 30 B B, =5 v
By & AR LA — 3, B0 P4>PI>P2>P3, e KR H BUFE B i VB L 7 7 30 st L 25 1 By B,
B Ay 5 e B A A A B 0 sl P /0N (0.948%—1.677% 51.662%—2.027%)

AN TRV R] , B T0 K AE 04 25 A R Ve HUAFAE 25 5 (TR 3) e TSI RUAE 01 W Ao By B, B 0 10T UK A 85 25 (1)
WEVE LU iR 2 b 25 5 35 (P<<0.05) o VAR b v 30 SR8 T DK A0 06 25 P W U8 L e Vi 4 T s S8 n s sl 2>

—— P B i —— b RS

3:

U
£

[se]

W
T
W

ns
ns

o]
(=]
T

—
W
T

ns

TER R

Starch content/%
)

'

T T T
| ﬁ
il

ns
ns
ns

—_
(=]
T

3k

AV
Soluble sugar content/%
W

(=]
T
—

W
(=}
1

30+

N
A%
T

ns
25+

5o}
(=}
T

20+

15+

NSCAi

—_
(=]
T

NSC content/%
&
X2
WiELL
Ratio of sugar to starch

W
T

(=]
(=}

FEH1 Sample plot

B3 AEBERESTUKESHEN NSC REASEEERCPELIREDR)
Fig.3 Differences in the content of NSC and its fractions in Gagea nigra bulbs at different altitudes ( mean+SE)
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FEACIIN 5 R A T A P U R b A 25 300 9 B, S8 T K A 5 25 A W U L B A A 725 A 1 Ik Bl s 3 2/
WA AR A i 35
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Xof AN [ 4 AS [7) 491 30 L0685 T Kk A 005 25 119 NSC M H 4 43 5 4% T AR 2548 AR AT Person AHE/MT, 45 51 %
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W FIEMSE (P<0.05) ; JEM & 5108 2 B AU (P<0.05) ;NSC Frm 5 HHeaHLR -5 &K
F IR B 5t 2 A OC (P <<0.05) s WiE e 5 RIS | 3K IR LSO IR SR 3 52 19 3 A OG (P <
0.05) , 5 TR SR E FEAE(P<0.01) , #f—PWEER 2, KIRBEE PR NSC & &2 5 A i e
B A SC R BOK T5 B0 5 M 56 R 580, 3% WA [ g B0 AS () 400 i 300 19 =5 v NSC % o= 252 nl i M bl
ESN
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Table 2 Correlation analysis of Gagea nigra bulb non-structural carbohydrates (NSC) and its fractions content with ecological factors

AR 2R g RE ARG

=1 N 5 ATV M .
Organic Total Total Soil bulk Rk Light i MR Rl TEH}
. pH . Water . ., Temperature/ "~ Soluble
matter/  nitrogen/ phosphorus/ density/ intensity/ Humidity/ % Starch/ %
content/ % sugar/ %
(gkg)  (gkg)  (gke) (g/kg) Ix
ATYEAERE Soluble sugar/ % 0.026* 0157 0.042%  0.088 0.747  0.048*  0.010**  0.642 0.167 \ 0.297
JER Starch/% 0.426 0.428 0.871 0.364 0.057 0.673 0.604 0.090 0.044 " 0.297 \
g ~
ROk R 0.023 " 0.126 0.052 0.081 0.512 0.047* 0017 0.705 0.342 0.000 ** 0.076
Non-structural carbohydrates/%
}ﬁﬁ t 0.113 0.251 0.000 ** 0.885 0.036"  0.022*  0.000 " 0.011 = 0.000 " 0.034~ 0.189
Ratio of sugar to starch
< " BRORPAMRRE A RE A, (P<0.05)  +» "SR PRI FER EEAM:, (P<0.01)
oM
1.00
oM / ™
™N / / - 0.80
i \ \ / pH 0.60
pH ‘ / uw
—0.40
uw ‘ \ * / wC
wC //\ \/ L1 0%
W
AN |V dh R
=
T *
. \ / ‘ / H L -0.20
H . \ * \ / ss
-0.40
{0000 00 0
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NSC [T * * * / / SS/S ~0.80
ss5s P QWNNZLE e
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Fig.4 Heat map of the correlation between the content of NSC and their fractions in Gagea nigra bulbs and ecological factors
P Jr e AR ARG 2L @R IEAR G, LB A I g U A DG PR .38, < = " 453K P<<0.05;OM . A HLBT; TN : 2% TP - A2
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iz [ =8 w25 b NSC A B A58 AUR, Bk NSC A AT B T 145 240 g A0 it FE 0% | IF-1F R g R it 45, fe it
YA PRI TOU YK AL 1 7 & 2B A S HGRGH 52 6 5 A 7=
3.2 IR REE TR KA ZE NSC S 4 43 B 1 52

ARHIFIE A B, SR A T UK A 6 25 1) NSC R He Al 43 B s Bl I 3R AR U AFAE 25 57, RRI R e B A AE B B, AN
[ HE 4 1] T R A NSC S AEE B E 2 (P<0.05) . Wiscds i, 16 T MIER IEE T MY S E i vs
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— ,—FE TR A K S it 2 fk 2 A0 PR AR BEAIL AR A R L, S i A SO S5 A K R P BB i (A R A
RN NSC S i3 fin > . ML, 24 3K o3 4 0 7o L B, R4 B 45 R vk 2 SO SZ e (3L 1 PR A, FLRR R NSC &
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B, 95250 NSC 75 20 Bl 4 (14 T e 385 0, 33 mT -5 19 4 DR A 56 - — S MR TR 90 i) 45 4 2 40 K B 6, B
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