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Abstract: Taking Populus euphratica Oliv. in desert riparian forest of Yarkant River Basin as research
object, the numbers of rhizosphere bacteria, actinomycetes, and fungi of different reaches, soil layers,
and seasons were compared, the characteristics of rhizosphere soil environmental factors were analyzed,
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and the Pearson correlation analysis was performed between rhizosphere soil environmental factors and
numbers of rhizosphere microorganisms. The results show that the means of numbers of rhizosphere
bacteria, actinomycetes, and fungi are 49.50x10°, 8.32x10°, and 4.52x10° cfu + g™, respectively, the
coefficients of variation of numbers of three types of rhizosphere microorganisms are all greater than 25%
in addition, there are extremely significant ( P<0.01) differences in numbers of three types of rhizosphere
microorganisms between middle reach and upper and lower-middle reaches, but there is no significant
difference between upper reach and lower-middle reach. Numbers of three types of rhizosphere
microorganisms in three reaches in summer and those in upper and middle reaches in autumn all increase
with the increase of soil layer depth. In comparison, numbers of rhizosphere bacteria, actinomycetes, and
fungi in each reach in autumn are larger than those in corresponding reach in summer, in addition,
numbers of rhizosphere microorganisms in the two seasons all show that bacteria are the most and fungi are
the least, and numbers of rhizosphere bacteria in summer and autumn account for 89.7% and 72.4% of
the total numbers of rhizosphere microorganisms in corresponding seasons, respectively. The test results of
soil environmental factors show that the total salinities of rhizosphere soil in upper, middle, and lower-
middle reaches in summer are 0.870 5, 3.718 6, and 2.672 2 g - kg™, respectively, and those in
autumn are 3.436 7, 2.966 2, and 4.591 5 ¢ - kg™', respectively, which belongs to mild salinization soil.
The cations in the rhizosphere soil are mainly K* and Na®, and the anions are mainly ClI~ and SO} ;
except pH value, the coefficients of variation of the other nine soil environmental factors are mostly
greater than 20%. The correlation analysis result shows that number of rhizosphere bacteria shows an
extremely significant positive correlation and an extremely significant negative correlation with rhizosphere
soil water content and CO> content, respectively; numbers of rhizosphere actinomycetes and fungi show
extremely significant negative correlations with rhizosphere soil total salinity and CO3 content, a
significant ( P <0.05) negative correlation with rhizosphere soil Ca® content, extremely significant
positive correlations with rhizosphere soil HCO; content, water content, and pH value, and a significant
positive correlation with rhizosphere soil Cl™ content, in addition, number of rhizosphere actinomycetes
shows a significant positive correlation with the total content of K* and Na® in rhizosphere soil. It is
suggested that the distribution of numbers of rhizosphere microorganisms of P. euphratica in desert
riparian forest of Yarkant River Basin is extremely uneven, which has evident vertical distribution pattern
and seasonal variation characteristics, and its distribution is affected by rhizosphere soil environmental
factors, in which, numbers of rhizosphere actinomycetes and fungi are greatly affected.

Key words: Yarkant River Basin; Populus euphratica Oliv.; rhizosphere microorganism; temporal and
spatial variation; rhizosphere soil environmental factor; correlation analysis
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Table 1 Numbers of rhizosphere microorganisms of Populus
euphratica Oliv. in desert riparian forest of Yarkand River Basin
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Statistic
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CV/% 27.17 89.07 114.26
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Seiti ) Numbers of rhizosphere microorganisms in middle reach
Statistic!

/M Bacterium R Actinomycete HF Fungus
A mas 61.30x10° 18.40%10° 8.90x10°
Amin 10.30x10° 0.06x10° 0.03x10°
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CV/ % 29.40 143.63 140.44
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A, E BB TE 54 Vertical distribution of number of bacteria in summer; B Pk ZE AN R B 5L T B0 A Vertical distribution of number of bacteria in
autumn; C: B ZEHUER BRI B 0 Vertical distribution of number of actinomycetes in summer; D : BkZER B AR B 4 Vertical distribution of
number of actinomycetes in autumn; E. BHZHFHBETE H 00 Vertical distribution of number of fungi in summer; F Tk ZE BB R TE H 0 AT Vertical

distribution of number of fungi in autumn.
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Fig. 1 Vertical distribution characteristics of numbers of rhizosphere microorganisms of Populus euphratica Oliv. in
desert riparian forest of Yarkand River Basin
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A AN Z= 5481k Seasonal variation of number of bacteria; B: {2k % =15 481k Seasonal variation of number of actinomycetes; C: HEHE
5254k Seasonal variation of number of fungi.

4

B2 M/RERTEREAERAGREREDHENS T TIHE
Fig. 2 Seasonal variation characteristics of numbers of rhizosphere microorganisms of Populus euphratica Oliv. in
desert riparian forest of Yarkand River Basin
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514 0.870 5.3.718 6 F1 2.672 2 ¢ « kg™, TERKT4 51
h3.436 7.2.966 2 F14.591 5 g - kg, J@ THR R £h 5k
b4, HARPR - HEBH B 7 20 KM Na*, B+
FEH CI7 M SOT . FEREFEMEZE 3 NWELY 10 4
WRPr 1 IR BE 1, pH E 1728 5 R R/, N
1.33% ~6.40% 5 5 Bk 25 rp it F1 28 v T e AR B 1 438
EK R AL T RZBET 20%41 , 2RI 3 A~ B
HA 9 MR 7 ZEY & T 20%, HBEEN
S TEE R 3 A BOAR By = e R R A B oY, H Ak

R 2 RIS E T E AR R T IR E FASAEY

Z 3 AN BR PR HHE COT SR R A BIIMHEE,
HBTE 160% L) I, F KB 25 5 Won . IR B 1 3
o H MM AR B3 (P<0.01) 225,
K"l Na* i & 3% 1 76 & 25 RN Bk 2% (0] A2 7 1 35 (P<
0.05) 225 ; 1 FUiF M by £ 58 HCO; & 7 & = Fk
Z (Al AE e B 3 22 5 Mg S e B R MRk 2 (Al A7 A
WS BRI R AR PR 4 Ca® S i e R A
KR o BIAF A B A 5 25 57 2 3 T B
MR PR 438 C1™ B A 7K e 3 2 PRk 2R (W] 34 A7 A AR

Table 2 Characteristics of rhizosphere soil environmental factors of Populus euphratica Oliv. in desert riparian forest of Yarkand River Basin')

Bt AR PR+ HER R IR Rhizosphere soil environmental factors in upper reach

Statistic = cov HCO; cr 0% Ca®* Mg K'-Na® wC pH
K7 Summer

X 0.870 5 0.022 8 0.023 0 0.015 8 0.162 7 0.040 9 0.605 3 24.501 2 7.75

SD 0.388 8 0.005 5 0.009 4 0.013 1 0.047 2 0.032 2 0.317 6 5.294 1 0.15

CV/ % 44.66 — 24.25 40.88 83.04 29.04 78.85 52.47 21.61 1.95
FZ Autumn

X 3.436 7 0.000 8 0.016 6 0.088 9 0.012 6 0.785 6 0.198 7 2.489 0 13.550 4 7.81

SD 2.479 4 0.001 5 0.009 8 0.042 8 0.013 1 0.556 8 0.296 5 2.180 1 9.318 8 0.18

CV/% 72.15 182.48 59.06 48.15 104.26 70.87 149.22 87.59 68.77 2.34

F 9.409 xx  2.703 2.696 20.357 xx  0.275 11.185 %=  2.519 6.579 * 9.395 = 0.474

Biitir HA AR R - EE R I T+ Rhizosphere soil environmental factors in middle reach

Statistic (= co¥ HCO; ar 0% Ca® Mg K'-Na® we pH
HZ Summer

X 3.718 6 0.015 8 0.026 5 0.024 9 0.3311 0.168 8 3.1522 8.236 3 7.75

SD 2.761 8 — 0.004 0 0.036 1 0.012 3 0.422 8 0.149 7 2.404 9 3.417 6 0.15

CV/% 74.27 — 25.51 136.39 49.45 127.68 88.72 76.29 41.49 1.97
FkZE Autumn

X 2.966 2 0.004 5 0.010 2 0.099 9 0.070 7 0.314 4 0.101 4 23671  22.0256 7.59

SD 1.671 3 0.009 6 0.007 4 0.036 1 0.083 2 0.179 9 0.054 9 1.789 1 4.192 4 0.28

CV/% 56.34 213.17 72.39 36.13 117.72 57.20 54.19 75.58 19.03 3.68

F 0.489 1.981 3.945 18.649 = 2.667 0.012 1.606 0.618 58.493 s 2.143

S R AR R 1 SRR KT Rhizosphere soil environmental factors in lower-middle reach

Statistic TS CO¥  HCO; ar 503 Ca?* Mg K'-Nat WG pH
H Z Summer

X 2.672 2 — 0.021 6 0.030 3 0.041 1 0.264 4 0.102 5 2212 1 33.152 1 7.76

SD 1.278 3 — 0.004 4 0.011 7 0.020 4 0.098 2 0.031 8 1.193 3 4.479 1 0.10

CV/% 47.84 20.27 38.54 49.63 37.15 31.07 53.94 13.51 1.33
FKZE Autumn

X 4.5915 0.000 9 0.011 8 0.103 7 0.029 4 0.490 0 0.406 7 3.5517 13.160 0 8.01

SD 3.968 0 0.001 5 0.003 1 0.044 2 0.027 2 0.226 4 0.4217 3.5116 7.773 2 0.51

CV/ % 86.42 162.50 25.97 42.63 92.39 46.20 103.69 98.87 59.07 6.40

F 1.908 3.408 30.799 xx  23.163 %  1.069 7.518 = 4.656 * 1.174 44.694 # 1.953

DTS, EERE 4 Total salinity (g - kg™'); CO3: CO¥ &4 COY content (g -+ kg™'); HCO3: HCOZ %4 HCO3 content (g - kg™'); ClI7; CI™ &+
Cl™ content (g - kg™'); SO% : SO3 5 #: SO content (g - kg™'); Ca®*: Ca® it Ca® content (g - kg™'); Mg> . Mgziﬁ\% Mg>* content
(g-kg'); K'=Na*. K"l Na* B9 &L & i Total content of K¥ and Na* ; WC: %7K Water content (%) ; pH: pH {t pH value. X: #J{E Mean; SD:
PRiE2E Standard deviation; CV; 75 B Z 8 Coefficient of variation; F. F {H F value. —: A#:H Undetected. * . P<0.05; *= . P<0.01.
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(#3) G 1EH % ARFRLHER R I HCO, 7 it
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SO BN Ca® B HEAE LRI T W 4 077 15
RS Mg BAE L R T a0

Ir AR IR B3 22 5 KO Na " B0 8 5 e
Jie 5 R T Ui (A AR 35 28 5, B KR AE 3
B 2 (] A7 AR 2 25 25 57 o TERK S MR s 1 4
Ca™ 5 L AE LA PP i (A0 A7 A S0 35 25 57, Mg™ i iR 7
FRE AT T () A7 A S 25 5, S KR AE Ll A e
(] e e A R 10 8] 3 S0 477 2 R 8 22 5

®3 HREREG R E AT ETR B SRR L IERER T F 4R1%Y

Table 3 F test of rhizosphere soil environmental factors of Populus euphratica Oliv. in different reaches of desert riparian forest of Yarkand River

Basin!
o BB RN BRI F A KRR B[l F A

HRBR -3 P8 K F values between different reaches in summer F values between different reaches in autumn
Rhizosphere soil environmental factor

U-M U-ML M-ML U-M U-ML M-ML
B A i Total salinity 9.385 s 1.064 16.365 # 0.223 0.548 1.282
CO% % CO3 content — — — 1.284 0.014 0.874
HCO; & & HCO; content 9.551 s 0.252 8.748 s 2.470 2.032 0.339
Cl” %%t Cl™ content 0.078 2.161 0.094 0.351 0.521 0.039
SO3™ & & SO% content 2.299 9.804 s 4.173 4.285 2.808 2.001
Ca®" & Ca® content 1.411 7.847 * 0.212 5.835 * 2.176 3.318
Mg & Mg** content 6.273 * 16.628 = * 1.686 0.937 1.465 4.638 *
K* Fl1 Na* f9 50% H Total content of K* and Na* 9.921 15.239 *x* 1.104 0.017 0.595 0.813
£ 7K Water content 59.962 ** 14.006 = * 176.015 == 6.191 * 0.009 9.069 * =
pH {H pH value 0.004 0.016 0.039 3.707 1.178 4.468

DU L Upper reach; M H1ii Middle reach; ML: HF ¥ Lower-middle reach. —: AK5 ! Undetected. * : P<0.05; =3 . P<0.01.

242 ARFRBADIE BRI LRI E T8 £ A
HHICTE AT A (3 4) R AR PR R B0 S5 R B 1
EEK R B EA S, HMRER L cOT S &

R4 MREATETTE R EWAHREE T ITERE R FS5REMED
HEMNHEXRHY

Table 4 Correlation coefficients between rhizosphere soil
environmental factors and rhizosphere microorganisms of Populus
euphratica Oliv. in desert riparian forest of Yarkand River Basin!

AR BRI A Wy AR O R

FRBT: - HEFR 55 P 7 Correlation coefficients with numbers of
Rhizosphere soil rhizosphere microorganisms
environmental factor s Heek Yo
Bacterium  Actinomycete Fungus
JBER i Total salinity -0.25 —-0.474 % —0.489 *x
CO3 1t COY content —0.41 %% —0.458 %%  —0.453 %
HCOj 7 1 HCOj content 0.27 0.39 s 0.39 s
ClI™ %1 CI” content 0.11 0.28 = 0.33 *
SO% 4t SO%™ content -0.19 -0.18 -0.16
Ca® %t Ca™ content -0.19 ~0.284 * -0.292 *
Mg % it Mg content -0.21 -0.19 -0.23
K"l Na™ B & & 4t Total 0.11 0.28 * 0.23
content of K* and Na*
7K # Water content 0.39 *x* 0.67 *x* 0.70 *x*
pH {H pH value 0.11 0.43 #x 0.47 =

D%, P<0.05; % ; P<0.01.

B R E TG, 5 HA S N HIRREE N T B %
AHICHE o AR B il 2 o A L T B8 i S5 AR B I S R
HACOT i AR B 3 A G, SARPR L4 Ca™ &
R E A, SRER 1 HCO; & & . pH [E M
AR FIEA D, SRR 1 G SR 2 B EIE
A, T3, MR il 2 T Bk i 00 55 AR PR 12 3 KT AN
Na* (1) 5 Fr i 5 B 3 IR ARG

3 sk

IR JE AT i bl LR P e A S R G, A X
TSR Y R X P AR A S RS TIRE R
HEEEM, TR RRA: YR G 3h S 0 1
REAEXF T IR PRIJR S8 T 3 3k STE 1 A 2 AR 8 10 e ik 1)
REELA HERE P AR R I T R 5 T 5 AR
FA AR BRI P A, AR PR A B o B A, P
PPN 49.50%10° cfu - ¢, FUCO AR BRI i (F-
Prgcht ol 8.32x10° cfu « g7')  ARPREC I /b (CF- %L
R 4.52x10° cfu - g™, 53 BRI 0 B A AR
PR A R T A AR — S 25 5, eI A 22 5 1Y
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PRigAE YRR Z AR ROR 25 5%
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TR 3 ATl BESIAZAR BR AN B il 2k 1 A B R A 3
B A S22 TR B BG4 O 5 BK RN A 3 AT B
R o £ AT TS0 2 T R L R e D 2 R R A R i
B JEBRBE RGN K, ZE R R IR 40~ 60 em
T 255 .20~40 cm HEHRMK, ZER S5 EE
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